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Description

[0001] The invention relates to a method and a corre-
sponding system for reduced resource usage in synchro-
nization and asynchronous real-time access in a mobile
communications system.
[0002] Traditional mobile communication systems typ-
ically comprise a cellular network and mobile terminals.
On the wired network side the cellular network typically
is coupled to the fixed-line telephone system and the in-
ternet to connect the mobile terminals to the conventional
fixed-line telephone system, the so-called plain old tele-
phone system POTS, and the internet. On the other side,
i.e. the air interface side, the cellular network provides
an air interface, i.e. a radio interface, in order to connect
to mobile terminals via a radio link.
[0003] In the following cell phones or personal digital
assistants (PDAs) or the like, which typically are called
cell phones or mobile stations or mobile nodes or user
equipment (UE) in the prior art, are called mobile termi-
nals, since they share the property of being coupled to
the communications system via the radio interface and
are mobile. In contrast thereto fixed communication sta-
tions implementing the air interface, i.e. the radio link,
from the network system to mobile terminals, and which
for example are called base stations in a GSM system
or eNodeBs in the LTE terminology are called base sta-
tions in the following.
[0004] Most of these traditional mobile communication
systems, for example systems according to the GSM
standard or systems according to the LTE specification,
employ time slotted communication protocols for ex-
changing information. In these systems a resource, i.e.
for example a particular frequency band within a cell, is
divided into a plurality of time slots, short slots. A time
slot is the smallest individual period of time dedicated to
transmit to or receive information from a terminal. These
systems are known as time division multiple access (TD-
MA) systems. A time slot for example can be assigned
to a particular mobile terminal and specifies a time span
of predefined duration, in which the base station may
transmit data to or receive data from that particular mobile
terminal, wherein the conveyed data may be arbitrary.
For example, when a telephone call to or from a mobile
terminal is established, a base station may assign one
time slot in a frame of slots for transmitting data from a
base station to the mobile terminal, i.e. downlink, using
a first frequency band and one time slot of a frame in a
second, different frequency band for receiving data from
the mobile terminal at the base station, i.e. uplink. The
mobile terminal accordingly has to listen to the dedicated
downlink frequency exactly during the assigned time slot
to receive data related to the established telephone call.
Conversely the mobile terminal must use exactly the as-
signed time slot to transmit data to the base station.
[0005] Alternatively and instead of being assigned to
only one terminal for communication, a time slot of a par-
ticular frequency can be used to broadcast information

to a plurality of terminals.
[0006] In any case each mobile terminal comprises its
own clock generator having an individual timing uncer-
tainty and deviation from a preset clock. As a conse-
quence over a long period of time the clock signal gen-
erated in the mobile terminal will deviate from the clock
signal generated in the base station.
[0007] In order to match the assigned time slots exactly
the mobile terminal must be synchronized in time with its
assigned base station at least when transmitting data to
or receiving data from a base station. Typically the base
station defines the master clock, to which each mobile
terminal, which communicates with that base station, is
synchronized in time. Accordingly, each mobile commu-
nication system provides means and procedures to indi-
vidually synchronize mobile terminals to a base station.
For example in the GSM system coarse timing informa-
tion is provided to a terminal when that terminal initially
enters a cell, for example when the terminal scans for
the synchronization channel, so-called SCH. When ac-
tually transmitting payload data, for example when trans-
mitting from a terminal to a base station, fine timing in-
formation is provided to the terminal by providing timing
advance information to the terminal to compensate for
the propagation delay. A base station for example may
calculate the timing advance based on the synchroniza-
tion sequence transmitted within an access burst mes-
sage from a terminal. In this way the timing of each ter-
minal assigned to a base station is handled individually.
[0008] Similarly the LTE specification provides timing
advance information to a terminal. When a terminal, i.e.
User Equipment UE as it is called in the LTE terminology,
wishes to establish a connection to a base station, i.e. a
so-called eNodeB, it transmits a random access pream-
ble to the base station. The base station in turn estimates
the transmission timing of the terminal and transmits a
response message comprising a timing advance com-
mand. Based on that command the terminal, i.e. UE, ad-
justs its transmission timing.
[0009] An increasing number of terminals communi-
cating with a base station consequently produces a linear
increasing amount of timing messages and correspond-
ingly an increasing calculation effort in the base station.
These timing messages do not convey any payload data,
i.e. actually these messages are protocol overhead, but
consume valuable resources.
[0010] This problem of increased overhead messages
has advanced since in mobile communication systems
a considerable amount of so-called machine-to-machine
terminals are used. Hence there is a need to integrate
these machine terminals into the wireless communica-
tion system.
[0011] WO-A-95/02 307 discloses the idea of forming
subsets of terminals, each subset having a different tim-
ing offset or frequency offset in relation to the base sta-
tion.
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Brief description of the figures

[0012] In the following the proposed method and sys-
tem are described in more detail with reference to the
following figures, wherein

Fig. 1 depicts a schematic illustrating a mobile com-
munication system;

Fig. 2 depicts a timing diagram of uplink messages;
Fig. 3 depicts a schematic illustrating one cell of cel-

lular communication system;
Fig. 4 depicts a schematic of a timing update multicast

message.

[0013] Fig. 1 depicts a mobile communication system
100 comprising a plurality of communication cells 110,
denoted as 110a to 110e. The area of each cell is deter-
mined as the area covered by the at least one base station
120 comprised in the cell. Note that in the following the
term base station shall be the generic term for a radio
access station as known for example from the GSM spec-
ification or in LTE terminology an eNodeB, which pro-
vides the air interface to the radio terminals. The area of
each cell is defined by the area covered by the at least
one base station 120 comprised and located somewhere
in the cell.
[0014] Mobile stations 130 are communicatively con-
nected by a radio link to the base station of a cell. A
mobile station 130 can be a cell phone or PDA or a laptop
computer, which is adapted and configured to exchange
data using the mobile communication system. Typically
mobile stations 130 are interactive and provide an inter-
face for being operated by a person, thus typically pro-
viding a display and a keyboard or a so-called touch-
screen. Typically data is transmitted and received when
initiated by the operating user or, for example upon an
incoming telephone call, when initiated by another per-
son. In this way mobile stations typically are used to ex-
change data between two communicating persons.
[0015] Furthermore communication devices 140 may
use mobile communication system 100 via a radio link
to base station 120. Typically these terminals are not
interactive, i.e. there is no person operating these termi-
nals and in this way initiating any data exchange. Instead
terminals 140 typically are devices for so-called machine-
to-machine communication, i.e. communication between
two machine devices, wherein a data transmission is not
initiated by a user interaction. A terminal may act as an
autonomous device according to a predefined schedule
that specifies communication actions. Alternatively a ter-
minal may communicate as a reaction to a predefined
event, for example when requested by another machine.
Furthermore these terminals can be endpoints in a com-
munication chain, i.e. a device does not receive data from
a first station and forwards that data to a third station thus
acting as a relay station. In the following these devices
are called terminals 140.
[0016] In one embodiment a machine terminal 140 may

be a gauging station comprising a sensor. The sensor
for example may sense any data of its surroundings, such
as climate or weather or traffic data or any other arbitrary
information. A gauging station may collect information
over a predefined time period or may collect data at any
one moment in time. In one example the gauging station
may produce the data upon request, i.e. when a request
message is received and just before the requested infor-
mation is transmitted to a central server station, which
processes the transmitted data. So in one example these
machine terminals 140 serve as a data source generating
data reflecting arbitrary information, which the device
generates for example by measurements.
[0017] In an alternative embodiment a machine termi-
nal 140 may be coupled to or may form an integral part
of a bigger machine, wherein the machine terminal may
be adapted and configured for receiving or transmitting
information related to the bigger machine. In this embod-
iment the machine terminal may be adapted for receiving
instructions to control the bigger machine or for transmit-
ting information indicating the status of the bigger ma-
chine, for example when raising an alarm.
[0018] A plurality of mobile communication system ar-
chitectures is known, for example the GSM system or
future systems like LTE. These systems have in common
that they use a time-slotted system for allocating frequen-
cy resources. The GSM system for example uses a time
divisional multiplexing system, wherein an available fre-
quency band is divided into short periods of time, so-
called time slots, and eight consecutive time-slots of the
same frequency band form a so-called frame. Further-
more an available frequency range is divided into a plu-
rality of parallel frequency bands. A time-slot or typically
a series of time-slots in consecutive frames is allocated
for communicating with one mobile station. The mobile
station may then use the allocated time-slot of a frame
to transmit information, i.e. uplink, to a base station. Like-
wise, for transmitting information from a base station to
a mobile station, i.e. downlink, a time-slot is allocated in
a frame of another frequency band.
[0019] In LTE frequency resources over time are also
divided into a grid of resource units, wherein a resource
unit is defined by a predefined duration and a predefined
bandwidth. Albeit the term resource unit is more known
from the LTE specification, it is used in the following as
a generic term to describe a resource element of a pre-
defined duration and predefined bandwidth without lim-
iting the invention to LTE. Although the allocation of re-
sources to a terminal in LTE differs significantly from the
allocation of resources in GSM, the systems share the
common property that bandwidth resources are allocated
in time slots. A transmitter, i.e. a base station or a termi-
nal, must adhere to the allocation of time slots. Otherwise,
i.e. if a transmitter would transmit too early or too late, i.
e. before or after an allocated time slot that transmission
would interfere with another transmission transmitted by
another station the time slot before or after that allocated
slot. Time-slotted systems accordingly ensure that each
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mobile station starts to transmit at a point in time mini-
mizing the interference caused by early or late transmis-
sions, which at a base station interfere with transmissions
of neighbouring time slots. In conventional time-slotted
systems this is achieved by coarsely synchronizing a mo-
bile station in time using so-called synchronization chan-
nels and by fine tuning each mobile station individually
by transmitting so-called timing advance information to
the station. Basically said timing advance information in-
structs a station when to start its transmission dedicated
for an allocated time slot in order to ensure that said trans-
mission arrives at the base station within the allocated
time slot.
[0020] Conventional radio communication systems in
this way may calculate and transmit individual timing ad-
vance information for fine tuning the timing of a mobile
station to reduce interference. This in turn wastes pre-
cious frequency-time resources.
[0021] Figure 2 depicts a schematic of a resource grid
of a cellular communication system.
[0022] For scheduling communication with machine
terminals 140 the base station partitions from the plurality
of terminals 140 at least one subset of terminals, said
subset comprising at least two individual terminals.
Thereafter the base station transmits scheduling infor-
mation to said subset of terminals using a multicast mes-
sage, i.e. one message that is received and processed
by all terminals of the addressed subset.
[0023] Figure 2a illustrates the allocation of time spans
for receiving messages from terminals 140. In the figure
the abscissa depicts time and the ordinate depicts an
arbitrary numbering of terminals 140, which is used here
for distinguishing terminals. Messages are shown as
squares to illustrate the start and end time of the reception
of a message at the base station.
[0024] Each of the N terminals transmits its respective
message 220-1 - 220-N at the scheduled time and at the
scheduled frequency. However, the terminals are only
roughly or not at all synchronized in time to the clock of
the base station. In addition, due to the low complexity,
i.e. simple and low-cost hardware, the terminals may be
not accurately synchronized in frequency, i.e. a terminal
will differ from a scheduled frequency. Accordingly each
terminal transmits its message asynchronously in time
and/or asynchronously in frequency to the base station.
To receive a scheduled message from a machine termi-
nal, the base station allocates a predefined time span at
a predefined frequency bandwidth for the reception of
each message; that is the base station may allocate a
bandwidth for a time span for receiving messages from
the machine terminals. These uplink messages may be
received at any time within the allocated time span and
at any frequency in the allocated bandwidth. In the allo-
cated time span the base station may allocate different
frequency bands each exhibiting a particular bandwidth,
wherein said bandwidth may extend over a plurality of
resource units. Terminals accordingly may be configured
and adapted to transmit their respective message on

these frequencies.
[0025] Each terminal 140 may transmit its message
220-1 - 220-N, i.e. uplink, as a single burst within the
scheduled time span 210, i.e. messages are not divided
into a plurality of packets being transmitted separately.
Furthermore each terminal may transmit its message on
a single carrier frequency, i.e. the terminal may not use
any frequency hopping when transmitting its message.
[0026] To allow a successful reception of a plurality of
messages at the base station from the terminals, the sys-
tem ensures that the messages are orthogonal to each
other at the base station and to the communication of the
base station with mobile stations 130.
[0027] In one embodiment each terminal 140 is allotted
a different frequency for transmitting. In one embodiment
the frequency may be fixed and may be adjusted upon
installation of the respective terminal. In an alternative
embodiment the frequency for uplink transmission can
be communicated in a downlink message from the base
station to the respective terminal and can be adjusted
dynamically. In still another embodiment a terminal may
vary the frequency for transmitting uplink messages as
instructed by a base station or according to a predefined
schedule. The base station accordingly allocates time
slots in each of the different frequencies to receive the
transmissions from the terminals, wherein it is assumed
that the base station is aware of any changes in frequency
for uplink messages from a terminal and thus can follow
these changes. In this way the transmissions from the
plurality of terminals are separated in frequency and thus
do not interfere each other at the base station.
[0028] In an alternative embodiment the terminals may
transmit the messages to the base station on the same
frequency but at different times. The base station accord-
ingly may allocate different time spans using said same
frequency. In one embodiment the individual time, at
which a terminal transmits a message uplink, may be
fixed and can be adjusted upon installation of the respec-
tive terminal. In an alternative embodiment the individual
transmission time may be communicated in a downlink
message from the base station, wherein in one embod-
iment the downlink message may specify a time span
specifying the time span to the next uplink transmission
referencing either the last uplink transmission or the time
of the downlink message. In still another embodiment the
transmission time may be varied according to a prede-
fined time schedule. In this way the uplink transmissions
from the terminals are separated in time. It is assumed
that the base station is aware of the respective fixed or
varying transmission time and accordingly allocates cor-
responding time spans for receiving the uplink messag-
es.
[0029] In still another embodiment the terminals may
transmit the messages on the same frequency and at the
same time, but wherein the terminals use a code division
separation, i.e. a so-called CDMA transmission method,
wherein individual messages from the terminals are sep-
arated by orthogonal spreading codes. As explicated
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above for the adjusting and varying a transmission time
or frequency, a spreading code can fixed and may be
initialized upon installation of a terminal or may be varied
as communicated by the base station or according to a
predefined time schedule. The base station may accord-
ingly allocate one frequency for one time span for simul-
taneous reception of a plurality of code-orthogonal uplink
messages, wherein it is assumed that the base station
is aware of the CDMA coding scheme used by the ter-
minals.
[0030] For illustration purposes and without restriction
the transmissions of the terminals are separated in fre-
quency, i.e. each terminal is allotted and uses a different
frequency for uplink transmissions.
[0031] For determining a timing offset of machine ter-
minal #1 it is assumed that the base station expects a
scheduled uplink message 220-1 from said machine ter-
minal #1 in an allocated and predefined time span 210-1.
Time span 210-1 may extend a plurality of resource units
consecutive in time. Furthermore the base station may
allocate a bandwidth exceeding the bandwidth of one
resource unit, i.e. the base station may allocate a plurality
of resource units consecutive in time and adj acent in
frequency.
[0032] The timing offset of machine terminal #1 is the
time span from the beginning of allocated time span
210-1 to the beginning of reception of message 220-1,
thus the timing offset of a machine terminal is relative to
the beginning of the allocated time span 210-1. In the
figure the timing offset of machine terminal #1 is illustrat-
ed as arrow 230-1. Since the base station is aware of the
beginning of time span 210-1 and also detects the point
in time when receiving the expected message 220-1 from
machine terminal #1, the base station may measure the
timing offset of machine terminal #1.
[0033] Similarly the base station may measure the in-
dividual timing offset of a plurality of other terminals.
[0034] As illustrated in the figure machine terminals #1
to #N may have different timing offsets 230-1 to 230-N,
which for example may result from varying oscillator off-
sets or different propagation delays. In this way the base
station may measure the individual timing offset 230 of
each of the plurality of machine terminals 140.
[0035] Then a subset 250-1 of at least two terminals
may be determined, wherein said terminals have a timing
offset within the same predefined range 240-1. Said de-
termination can be performed by the base station or an-
other element of the fixed radio network. To determine
the terminals having a timing offset within a predefined
range of timing offset the base station may compare the
determined timing offset 230 of a terminal to a predeter-
mined first range of timing offset 240-1, which begins at
the beginning of time span 210 but is significantly shorter.
In figure 2A terminals #1, #5, #8 and #N share the com-
mon property of having a timing offset shorter within tim-
ing offset interval, i.e. timing offset range 240-1. These
terminals accordingly may form the first subset 250-1.
[0036] In one embodiment a predefined range of timing

offset may exceed the duration of one resource block,
but is shorter than the duration of two resource blocks.
In an alternative embodiment a timing offset range may
exceed the duration of two resource units. Basically a
range of allowed timing offsets can be predefined by a
system operator and may be set arbitrarily. However, in
case terminals are configured to receive messages de-
pending on a preceding transmission, an allowed timing
offset may be limited to ensure that a downlink transmis-
sion, i.e. from the base station to the terminals is com-
pleted within the time span scheduled at the terminal.
[0037] Optionally a second subset 250-2 of at least two
terminals may be determined, wherein the terminals of
said second subset of machine terminals share the prop-
erty of having a timing offset of a range greater than that
defined for the first subset of terminals but shorter than
a predetermined second timing offset interval 240-2. Ma-
chine terminals #3, #6, #7, #9 and #N-1 in this embodi-
ment form said second subset 250-2 of terminals.
[0038] Similarly a third subset 250-3 of terminals hav-
ing an offset in a third range as depicted by arrow 240-3
can be determined. In the drawing terminals #2 and #4
form said third subset.
[0039] Note that the number of timing offset ranges
and corresponding subsets of terminals may be arbitrarily
chosen. Also the duration of an interval 240, which de-
fines a timing offset range, may be suitably chosen to
partition the plurality of machine terminals into useful sub-
sets.
[0040] As described above for asynchronism in time,
the base station may similarly measure and evaluate
asynchronism in frequency in addition or alternatively to
asynchronism in time. Accordingly the base station may
measure a frequency offset of a received uplink message
as a difference between a frequency scheduled for that
transmission and the frequency of the actually received
message. Similarly individual frequency offsets of a plu-
rality of received uplink messages can be measured. The
individual offset of a received message can be used as
an additional or an alternative criterion to the above de-
scribed timing offset. Accordingly the base station may
determine subsets of at least two terminals having the
same frequency offset, i.e. the frequency offset of that
subset being within the same range, wherein the frequen-
cy offset range may extend the bandwidth of one re-
source unit.
[0041] Figure 2b illustrates downlink communication
between the base station and the terminals, i.e. messag-
es transmitted from the base station to the subsets of
terminals. Similar as for uplink messages, a downlink
message may be transmitted as a single burst, i.e. a
downlink message is not divided into a plurality of packets
being transmitted separately.
[0042] The base station may transmit a first multicast
message 270-1 to the first subset 250-1 of terminals,
wherein it is assumed that the terminals of said subset
expect to receive a message within a scheduled time
span and on an agreed frequency. Since the scheduled
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time span of a terminal is not totally fixed but slowly slides
according to the timing offset of the respective terminal,
and the base station has determined the timing offset of
that terminal, i.e. of the subset of terminals having es-
sentially the same timing offset, the base station may
transmit a joint message 270-1 to the subset of terminals
at the point in time that enables the terminals of said
subset to successfully receive said message. The trans-
mission of said multicast message from the base station
to a subset of terminals accordingly may be asynchro-
nous to the communication with mobile stations 130, i.e.
the resource grid allocated for communication with mo-
bile stations 130. However, the transmission is adapted
to the timing offset of said subset of terminals.
[0043] Since the down- and the uplink messages to
and from the terminals may be transmitted asynchro-
nously to the communication of the base station with mo-
bile stations, the communication between the base sta-
tion and the machine terminals can be asynchronous to
the communication between said base station and the
mobile stations 130 logged in to said base station.
[0044] Multicast message 270-1 for example may
comprise timing information for instructing each terminal
when to transmit the next uplink message to the base
station. The instruction may specify a time span, which
specifies the time span from the last uplink transmission
to the next uplink transmission. In this way both the base
station and each of the terminals of the addressed subset
of terminals know the schedule for the next uplink trans-
mission. In one embodiment the timing information may
specify a comparatively short and recurring time interval
between successive uplink messages to the base station.
In one embodiment the allocated resources for an uplink
may be recur once in a second or once in two seconds.
Terminals may use the allocated resources if necessary,
i.e. for example for alarming in case of a detected emer-
gency, but are not required to transmit any dummy mes-
sage. In this way the system can provide a real-time or
quasi real time access.
[0045] Similarly multicast messages 270-2 and 270-3
may be sent to subsets 250-2 and 250-3 of machine ter-
minals. The transmission of messages 270-1 to 270-3
may be performed using the same frequency, i.e. the
transmission of these uplink messages may be per-
formed sequentially.
[0046] In addition or alternatively the multicast mes-
sage may specify frequency information for instructing
each terminal what frequency to use for transmitting the
next uplink message, so both the base station and each
terminal of the addressed subset of terminals know the
frequency of the next uplink transmission.
[0047] Referring again to figure 2a terminals #1 to #N
subsequently may each transmit another message to the
base station during time span 210-2, wherein the time
between time spans 210-1 and 210-2 may be that as
specified in the uplink messages 270-1 to 270-3. As de-
scribed above the base station may measure again the
timing and/or frequency offset of each terminal. Based

on the measured individual timing and/or frequency off-
sets of the terminals the base station may again partition
at least one subset of terminals from the plurality of trans-
mitting terminals. As illustrated in fig. 2b the base station
may then send another multicast message to a subset
of terminals. The terminals may transmit individual mes-
sages to the base stations, which in turn may again meas-
ure the individual timing offset of each terminal.
[0048] Note that due to a variety of reasons the timing
and/or frequency offset of a terminal may vary from trans-
mission to transmission as illustrated in fig. 2a for terminal
#3. According to its increased timing offset, terminal #3,
which had been member of the second subset 250-1 is
considered then as a member of subset 250-3. In this
way the measuring of the timing and/or frequency offset
each time a terminal transmits a message to the base
station accounts for variations in the timing and/or fre-
quency offset of an individual terminal.
[0049] For transmitting messages 220 to a base station
a terminal 140 may use any arbitrary transmission meth-
od agreed with the base station. Accordingly, to ensure
a working communication with the base station, the base
station must be compatible to the transmission protocol
used by the terminals. Said protocol may be incompatible
with the transmission protocol used agreed between the
base station and the mobile stations 130. To keep the
terminals as simple as possible, a single-carrier trans-
mission scheme and a simple modulation scheme may
be used by the terminals 130.
[0050] In this way the mobile communication system
may be configured and adapted for communicating with
machine terminals 140, wherein excessive control mes-
sages for synchronizing the terminals in time with the
base station are avoided.
[0051] Besides the range of timing and/or frequency
offset the partitioning of the plurality of terminals may be
based on additional criteria.
[0052] In one embodiment the partitioning of a subset
of terminals can be based on the identified described
range of timing and/or frequency offset and in addition
thereto on the periodicity of transmissions from a termi-
nal. For example when terminals shall report information
one time per hour the partitioned subset may comprise
these terminals only. Accordingly a single multicast mes-
sage transmitted to that subset of terminals accordingly
may inform all terminals about the scheduling of each
next individual transmission.
[0053] In another embodiment the partitioning of a sub-
set of terminals can be additionally based on the ability
of a terminal to stay synchronized to the time scale of the
base station, i.e. to maintain an offset without essentially
further deviating from that. Terminals having a clocking
that deviates over time essentially need timing update
more often than terminals having an accurate clocking.
Accordingly, since some terminals may have the capa-
bility of maintaining the clocking accurate for long time,
messages from the base station to these terminals to set
the clocking of the terminals can be less frequently. Vice
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versa terminals having a less precise but more inaccurate
clocking need clock setting update messages more often
to keep the timing offset of a terminal within an allowed
range.
[0054] In one embodiment terminals 130 may receive
and process a synchronization channel on a regular basis
to maintain the timing offset as small as possible. In al-
ternative embodiments the terminals may depend entire-
ly on an individual internal clocking. These internal clock-
ings may deviate from each other and from the clocking
of the base station for various well-known reasons. Con-
sequently timings between a terminal and the base sta-
tion may thus deviate, i.e. the communication between
a terminal and a base station is not synchronized as with
mobile stations 130. So depending on the precision of
the internal clocking of a terminal timing offsets may more
or less vary.
[0055] Although it depends on the duration of time span
210, which is allocated by a base station for receiving a
message from a terminal, it is necessary to regularly send
timing update messages to a terminal to ensure that the
uplink message from that terminal can be received within
the allocated time span 210. To minimize the number of
timing update messages while at the same time providing
sufficient timing update messages to a terminal to ensure
a timing offset within a maximum range, i.e. the duration
of time span 210, the partitioning of the plurality of termi-
nals may be further based on the ability of a terminal to
maintain a timing offset constant.
[0056] Also the partitioning of a subset can be addi-
tionally based on the movements of a terminal. Since
transmissions from terminals located farther away from
a base station need more time than transmissions from
terminals located close to the base station, variations in
the location of a terminal affect the delay of a transmis-
sion. For example when a terminal increases its radial
distance to a base station, the transmission delay will
increase since the radio signal must travel the longer
distance. Contrariwise, when a terminal radially moves
towards the base station between two transmissions, the
timing offset will decrease when compared to a transmis-
sion of said terminal being locally fixed. To compensate
for a varying timing offset according to this effect, the
base station may take the movements of a terminal into
account when assessing a next time span 210 for receiv-
ing an uplink transmission. Accordingly the base station
may size a time span for receiving a message dependent
on the capabilities of a terminal, i.e. the base station as-
sess a longer time span for receiving a message from a
terminal having the capability to move and a shorter time
span for receiving a message from a locally fixed base
station.
[0057] In a further method step the base station may
track and record the movements of a terminal for a du-
ration covering a plurality of uplink transmissions. The
base station may then generate a movement profile of
the terminal based on the tracked movements of a ter-
minal. The movement profile can be evaluated to discov-

er the maximum distance of the movements radial to the
base station and then estimate the variation of transmis-
sion delay based on the difference between the maxi-
mum and the minimum radial distance of the terminal.
[0058] Figure 3 depicts a single cell 110 of a cellular
communication system 100 comprising a base station
120, a plurality of mobile stations 130 and a plurality of
terminals 140. System 100 may communicate with mo-
bile stations 130 according to a conventional standard
as mentioned above, whereas the base station deploys
the above-mentioned communication to communicate
with terminals 140.
[0059] From the plurality of terminals 140 system 100
may partition a first subset 310 of terminals 140a to 140d.
In one embodiment these terminals may be gauging sta-
tions, which for example report a measured value to any
further processing means via the radio communication
system. These terminals may essentially exhibit a timing
and/or frequency offset within the same predefined
range, since they are all locally fixed and may deploy
identical or comparable hardware. Furthermore termi-
nals 140a - 140d may be scheduled to report in an uplink
message the measured values at the same time. Accord-
ingly, after the base station received the uplink messag-
es, a joint timing update message may be sent to that
subset. Said timing update message for example may
specify a time interval that instructs each terminal when
to transmit the message. In one embodiment each ter-
minal of the subset is configured and adapted to transmit
the next uplink message after time interval, wherein the
interval shall start when receiving said timing update
message at each terminal. Alternatively each machine
terminal may be adapted and configured to start the spec-
ified interval after having transmitted the last message.
In this way one multicast timing update message may
provide the information when to start the next uplink
transmission.
[0060] Terminals 140e to 140g may be partitioned to
form a second subset 320 of terminals. These terminals
for example may be mobile machines configured and
adapted to communicate via system 100, i.e. the mobile
machines are configured and adapted to communicate
with base station 120. In one embodiment the mobile
machines may be fork lifters of a company. Typically
these machines operate on the factory premises only,
which typically is a confined area. Therefore the minimum
and maximum radial distance of these terminals is limit-
ed. In the figure the limited range of the radial distance
of a mobile terminal 140e - 140g is illustrated by first
radius 330-1 and second radius 330-2, which in turn limits
the transmission delay as described above. To generate
a movement profile the base station may track and record
the timing offsets of a mobile station and then calculate
the minimum and maximum timing offset of an uplink
transmission to estimate a range of timing offset for each
terminal of said subset or alternatively for the subset of
terminals. Said estimated timing offset may then be used
to assess a time span for receiving messages from these
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terminals. In this way the base station may generate and
evaluate a movement profile to estimate a time span for
receiving a message from the terminals of said subset.
[0061] In addition to sizing and allocating time spans
210 appropriately to enable asynchronous reception of
uplink messages, the base station may allocate a band-
width exceeding more than one adjacent resource unit
of the resource grid used by system 100 in order to ac-
count for frequency inaccuracies of terminals and/or in
order to intentionally enable a transmission using a band-
width exceeding that of one resource unit. A base station
may accordingly allocate a plurality of at least two re-
source units adjacent in frequency for a time span of at
least two adjacent resource units adjacent in time.
[0062] Figure 4 depicts a schematic of a multicast tim-
ing update message 400 sent by a base station to a sub-
set of terminals.
[0063] The message comprises at least a common por-
tion 410, which is received and processed by all terminals
of the receiving subset.
[0064] The common portion may comprise the speci-
fication of a time interval specifying when to transmit a
next message to the base station, wherein the time in-
terval may start from the individual previous transmission
of a terminal. In case the terminals do not transmit at the
same time, i.e. transmissions of terminals are separated
in time, this separation in time is maintained. In an alter-
native embodiment the specified time interval may start
from the time of reception of the instructing message,
thus specifying a simultaneous beginning of the time in-
terval for all terminals receiving the message.
[0065] The common message portion may furthermore
specify an identification of a plurality of terminals of the
addressed subset of terminals, i.e. a subset of the subset.
This can be achieved by addressing individual terminals
of the subset, wherein the address may be of arbitrary
format.
[0066] Optionally the common portion of the multicast
message may comprise acknowledgement information,
which informs all terminals of the addressed subset that
a previous message has been received successfully. In
case that an acknowledged message actually was not
received successful, the base station may send an indi-
vidual message portion to said terminal. However, since
in most cases the previous uplink message has been
received and processed successful by the base station,
the acknowledgement will be correct, thus saving a plu-
rality of individual acknowledgement messages.
[0067] Further optionally the common portion of the
multicast message may specify an encryption key. If pre-
vious uplink messages have been transmitted in clear
text, the specified encryption key enables the feature of
encrypting a message while at the same time specifying
the key to use. In one example the specification of a key
can be an index to a predefined encryption key table,
which has been provided to a terminal previously, for
example upon installation of the terminal. In this way an
encryption key can be specified without transmitting the

key downlink in clear text. Furthermore, since the prede-
fined encryption key tables in the subset of terminals may
comprise different, individual encryption keys, the single
message can specify to use a next key or a key located
at a specified field of the table, wherein the terminals of
the subset deploy different encryption keys for the en-
crypting the next transmission.
[0068] In another embodiment the common message
portion may comprise common network control messag-
es. In one embodiment said network control message
may specify to set the individual clock one leap-second
forward or that there is a 29th February this year.
[0069] The common message portion may furthermore
specify a common instruction that shall be performed by
actuators of the addressed subset of terminals. The in-
struction may be any of the set of instructions that the
terminals can perform. In one embodiment the instruction
may specify to immediately stop all engines.
[0070] Optionally message 400 may comprise an ad-
dress portion 420 that addresses at least one or more
than one but not all terminals.
[0071] Each terminal of the addressed subset that re-
ceives the multicast message processes common mes-
sage portion 410. Thereafter it receives and processes
address portion 420. Said address portion advanta-
geously is arranged in the message between common
message portion 410 and an optional individual message
portion 430. Said address portion may specify individual
terminals, for which an individual message portion 430
is comprised in the remainder of the multicast message.
Accordingly each terminal reads and processes the ad-
dress portion of the multicast message and then either
may stop receiving and processing the remainder of the
message, in case said terminal is not addressed in the
address portion, or the terminal may further receive and
further process the remainder and the message portion
addressed individually for that terminal. In this way a mul-
ticast message may comprise information dedicated for
all terminals receiving said multicast message and in ad-
dition thereto may comprise an individual message por-
tion 430.
[0072] According to the number of terminals ad-
dressed in the address portion of the multicast message,
the multicast message may comprise a plurality of indi-
vidual message portions 430. Each message portion 430
may comprise information specifying an individual termi-
nal, which shall read and process said individual mes-
sage portion.
[0073] An individual message portion 430 may provide
instructions to the addressed individual terminal only, but
does not address the residual terminals of the subset
receiving the message. The individual instructions for ex-
ample may provide further timing and/or frequency in-
structions, i.e. for example a time interval after which to
send the next uplink message, wherein said time interval
deviates from the time interval provided in common por-
tion 410 to all terminals, or a frequency to use for trans-
mission of the next uplink message. In this way the mul-
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ticast message may provide particular information dedi-
cated to at least one but not all terminals of the subset.
[0074] In another embodiment individual message por-
tion 430 may comprise information that contradicts the
corresponding information provided in the common mes-
sage portion 410. Information and instructions provided
in an individual message portion overrule corresponding
information and/or instructions provided in the common
message portion. In this way information and/or instruc-
tions provided in the common message portion can be
amended for individual terminals. In an exemplifying em-
bodiment the individual message portion may revoke the
acknowledgement of a received uplink message and may
at the same time specify an individual timing update that
affects an individual terminal to repeat a transmission.
[0075] In this way the described method enables real-
time asynchronous communication for terminals while at
the same time saving timing update messages, i.e. so-
called timing advance messages, to each individual ter-
minal. Furthermore the proposed communication meth-
od enables the use of less complex and less costly hard-
ware in the terminals.
[0076] Note that the method steps described above
and performed by a base station may be performed by
any network element of the communication system that
is adapted and configured for scheduling resources of
the available resource grid in a communication cell.
Hence, in one alternative embodiment, a so-called radio
network controller or a base station controller may per-
form at least part of the described method steps.

Claims

1. A radio communication method for communicating
between locally fixed base stations and terminals,
where an available radio resource is divided into a
grid of radio resource units, comprising the steps of:

- allocating at a base station a plurality of at least
two blocks of radio resource units, each block
of allocated radio resource units comprising at
least two radio resource units consecutive in
time; and
- receiving a message in each of the at least two
blocks of radio resource units , and
- measuring at least one of the timing offset or
frequency offset of each of the messages, and
- transmitting a multicast message from the base
station to a subset of at least two terminals,
wherein at least one of the timing offset or fre-
quency offset of each of the terminals is within
a predefined range.

2. The radio communication method of claim 1 wherein
the timing offset range exceeds the duration of one
resource unit.

3. The radio communication method of any preceding
claim wherein the multicast message provides at
least one of timing information or frequency informa-
tion to each of the terminals specifying when or on
what frequency to transmit an uplink message.

4. The radio communication method of claim 3, wherein
the provided timing information enables quasi real-
time access.

5. The radio communication method of claim 3 further
comprising the steps of

- allocating a block of radio resource units at the
time and frequency corresponding to the provid-
ed timing or frequency information, and
- receiving an uplink message from at least one
terminal of the subset at the time or frequency
specified in the provided timing or frequency in-
formation.

6. The radio communication method of any preceding
claim wherein the multicast message comprises an
acknowledge information addressing all terminals.

7. The radio communication method of any preceding
claim wherein the multicast message comprises in-
formation addressing only one terminal of the ad-
dressed subset of terminals.

8. The radio communication method of any preceding
claim wherein transmissions from the terminals of
the subset exhibit the same periodicity.

9. A radio communication system comprising locally
fixed base stations and terminals, and wherein an
available radio resource is divided into a grid of radio
resource units, wherein a base station comprises
means for performing the steps of:

- allocating at a base station a plurality of at least
two blocks of radio resource units, each block
of allocated radio resource units comprising at
least two radio resource units consecutive in
time or adjacent in frequency; and
- receiving a message in each of the at least two
blocks of radio resource units , and
- measuring at least one of the timing offset or
frequency offset of each of the messages, and
- transmitting a multicast message from the base
station to a subset of at least two terminals,
wherein at least one of the timing offset or fre-
quency offset of each of the terminals is within
a predefined range.

10. The radio communication system of claim 9 wherein
at least one of the timing offset range exceeds the
duration of one resource unit or the frequency offset
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range exceeds the bandwidth of one resource unit.

11. The radio communication system of any preceding
claim 9 to 10 wherein the multicast message pro-
vides at least one of timing information or frequency
information to each of the terminals specifying when
or on what frequency to transmit an uplink message.

12. The radio communication system of claim 11 where-
in the multicast message provides timing information
enabling quasi real-time access.

13. The radio communication system of any preceding
claim 9 to 12 wherein the base station further com-
prises means for performing the steps of

- allocating a block of radio resource units at the
time or the frequency corresponding to the pro-
vided timing information or the provided fre-
quency information respectively, and
- receiving an uplink message from at least one
terminal of the subset at the time or frequency
specified in the provided timing or frequency in-
formation.

14. The radio communication system of any preceding
claim 9 to 13 wherein the multicast message com-
prises an acknowledge information addressing all
terminals.

15. The radio communication system of any preceding
claim 9 to 14 wherein the multicast message com-
prises information addressing only one terminal of
the addressed subset of terminals.

16. The radio communication system of any preceding
claim 9 to 15 wherein transmissions from the termi-
nals of the subset exhibit the same periodicity.

Patentansprüche

1. Funkkommunikationsverfahren zum Kommunizie-
ren zwischen ortsfesten Basisstationen und Endge-
räten, wobei eine verfügbare Funkressource in ein
Raster von Funkressourceneinheiten geteilt wird,
aufweisend die folgenden Schritte:

- Zuweisen an einer Basisstation einer Mehrzahl
von mindestens zwei Blöcken von Funkressour-
ceneinheiten, wobei jeder Block von zugewie-
senen Funkressourceneinheiten mindestens
zwei zeitlich aufeinanderfolgende Funkressour-
ceneinheiten aufweist; und
- Empfangen einer Nachricht in jedem der min-
destens zwei Blöcke von Funkressourcenein-
heiten, und
- Messen von mindestens einem von dem Takt-

versatz oder Frequenzversatz jeder der Nach-
richten, und
- Senden einer Multicast-Nachricht von der Ba-
sisstation an einen Teilsatz von mindestens
zwei Endgeräten, wobei mindestens einer von
dem Taktversatz oder Frequenzversatz jedes
der Endgeräte innerhalb eines vordefinierten
Bereichs liegt.

2. Funkkommunikationsverfahren nach Anspruch 1,
wobei der Taktversatzbereich die Dauer einer Res-
sourceneinheit überschreitet.

3. Funkkommunikationsverfahren nach einem der vor-
hergehenden Ansprüche, wobei die Multicast-Nach-
richt mindestens eine von Taktinformationen oder
Frequenzinformationen an jedes der Endgeräte
übermittelt, die spezifiziert, wann oder bei welcher
Frequenz eine Uplink-Nachricht gesendet werden
soll.

4. Funkkommunikationsverfahren nach Anspruch 3,
wobei die übermittelten Taktinformationen einen
Quasi-Echtzeitzugriff ermöglichen.

5. Funkkommunikationsverfahren nach Anspruch 3,
ferner aufweisend die folgenden Schritte:

- Zuweisen eines Blocks von Funkressourcen-
einheiten zu der Zeit und bei der Frequenz, die
den übermittelten Takt- oder Frequenzinforma-
tionen entsprechen, und
- Empfangen einer Uplink-Nachricht von min-
destens einem Endgerät des Teilsatzes zu der
Zeit oder bei der Frequenz, die in den übermit-
telten Takt- oder Frequenzinformationen spezi-
fiziert ist.

6. Funkkommunikationsverfahren nach einem der vor-
hergehenden Ansprüche, wobei die Multicast-Nach-
richt eine Bestätigungsinformation aufweist, die alle
Endgeräte adressiert.

7. Funkkommunikationsverfahren nach einem der vor-
hergehenden Ansprüche, wobei die Multicast-Nach-
richt Informationen aufweist, die nur ein Endgerät
des adressierten Teilsatzes von Endgeräten adres-
sieren.

8. Funkkommunikationsverfahren nach einem der vor-
hergehenden Ansprüche, wobei Übertragungen von
den Endgeräten des Teilsatzes die gleiche Periodi-
zität aufweisen.

9. Funkkommunikationssystem, aufweisend ortsfeste
Basisstationen und Endgeräte, und wobei eine ver-
fügbare Funkressource in ein Raster von Funkres-
sourceneinheiten geteilt ist, wobei eine Basisstation

17 18 



EP 2 555 567 B1

11

5

10

15

20

25

30

35

40

45

50

55

Mittel zum Ausführen der folgenden Schritte auf-
weist:

- Zuweisen an einer Basisstation einer Mehrzahl
von mindestens zwei Blöcken von Funkressour-
ceneinheiten, wobei jeder Block von zugewie-
senen Funkressourceneinheiten mindestens
zwei zeitlich aufeinanderfolgende oder fre-
quenzmäßig benachbarte Funkressourcenein-
heiten aufweist; und
- Empfangen einer Nachricht in jedem der min-
destens zwei Blöcke von Funkressourcenein-
heiten, und
- Messen von mindestens einem von dem Takt-
versatz oder Frequenzversatz jeder der Nach-
richten, und
- Senden einer Multicast-Nachricht von der Ba-
sisstation an einen Teilsatz von mindestens
zwei Endgeräten, wobei mindestens einer von
dem Taktversatz oder Frequenzversatz jedes
der Endgeräte innerhalb eines vordefinierten
Bereichs liegt.

10. Funkkommunikationssystem nach Anspruch 9, wo-
bei mindestens einer von dem Taktversatzbereich
oder dem Frequenzbereich die Dauer einer Res-
sourceneinheit überschreitet bzw. die Bandbreite ei-
ner Ressourceneinheit überschreitet.

11. Funkkommunikationssystem nach einem der vor-
hergehenden Ansprüche 9 bis 10, wobei die Multi-
cast-Nachricht mindestens eine von Taktinformatio-
nen oder Frequenzinformationen an jedes der End-
geräte übermittelt, die spezifiziert, wann oder bei
welcher Frequenz eine Uplink-Nachricht gesendet
werden soll.

12. Funkkommunikationssystem nach Anspruch 11,
wobei die Multicast-Nachricht Taktinformationen be-
reitstellt, die einen Quasi-Echtzeitzugriff ermögli-
chen.

13. Funkkommunikationssystem nach einem der vor-
hergehenden Ansprüche 9 bis 12, wobei die Basis-
station ferner Mittel zum Ausführen der folgenden
Schritte aufweist:

- Zuweisen eines Blocks von Funkressourcen-
einheiten zu der Zeit oder bei der Frequenz, die
den übermittelten Taktinformationen bzw. den
übermittelten Frequenzinformationen ent-
spricht, und
- Empfangen einer Uplink-Nachricht von min-
destens einem Endgerät des Teilsatzes zu der
Zeit oder bei der Frequenz, die in den übermit-
telten Takt- oder Frequenzinformationen spezi-
fiziert ist.

14. Funkkommunikationssystem nach einem der vor-
hergehenden Ansprüche 9 bis 13, wobei die Multi-
cast-Nachricht eine Bestätigungsinformation auf-
weist, die alle Endgeräte adressiert.

15. Funkkommunikationssystem nach einem der vor-
hergehenden Ansprüche 9 bis 14, wobei die Multi-
cast-Nachricht Informationen aufweist, die nur ein
Endgerät des adressierten Teilsatzes von Endgerä-
ten adressieren.

16. Funkkommunikationssystem nach einem der vor-
hergehenden Ansprüche 9 bis 15, wobei Übertra-
gungen von den Endgeräten des Teilsatzes die glei-
che Periodizität aufweisen

Revendications

1. Procédé de communication radio pour communiquer
entre des stations de base fixes locales et des ter-
minaux, une ressource radio disponible étant divisée
en une grille d’unités de ressource radio, compre-
nant les étapes consistant à :

- attribuer au niveau d’une station de base une
pluralité d’au moins deux blocs d’unités de res-
source radio, chaque bloc d’unités de ressource
radio attribué comprenant au moins deux unités
de ressource radio consécutives dans le temps ;
et
- recevoir un message dans chacun des au
moins deux blocs d’unités de ressource radio, et
- mesurer au moins l’un d’un décalage temporel
et d’un décalage fréquentiel de chacun des mes-
sages, et
- transmettre un message de multidiffusion de-
puis la station de base vers un sous-ensemble
d’au moins deux terminaux, dans lequel au
moins l’un du décalage temporel ou du décalage
fréquentiel de chacun des terminaux est com-
pris dans une plage prédéfinie.

2. Procédé de communication radio selon la revendi-
cation 1, dans lequel la plage de décalage temporel
dépasse la durée d’une unité de ressource.

3. Procédé de communication radio selon l’une quel-
conque des revendications précédentes, dans le-
quel le message de multidiffusion fournit au moins
l’une d’une information temporelle ou d’une informa-
tion fréquentielle à chacun des terminaux spécifiant
quand ou à quelle fréquence il convient de transmet-
tre un message de liaison montante.

4. Procédé de communication radio selon la revendi-
cation 3, dans lequel l’information temporelle fournie
permet un accès quasi en temps réel.
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5. Procédé de communication radio selon la revendi-
cation 3, comprenant en outre les étapes consistant
à :

- attribuer un bloc d’unités de ressource radio
au temps et à la fréquence correspondant à l’in-
formation temporelle ou fréquentielle fournie, et
- recevoir un message de liaison montante de-
puis au moins un terminal du sous-ensemble au
temps ou à la fréquence spécifiés dans l’infor-
mation temporelle ou fréquentielle fournie.

6. Procédé de communication radio selon l’une quel-
conque des revendications précédentes, dans le-
quel le message de multidiffusion comprend une in-
formation d’acquittement adressant tous les termi-
naux.

7. Procédé de communication radio selon l’une quel-
conque des revendications précédentes, dans le-
quel le message de multidiffusion comprend une in-
formation adressant uniquement un terminal du
sous-ensemble de terminaux adressé.

8. Procédé de communication radio selon l’une quel-
conque des revendications précédentes, dans le-
quel les transmissions provenant des terminaux du
sous-ensemble présentent la même périodicité.

9. Système de communication radio comprenant des
stations de base fixes locales et des terminaux, et
dans lequel une ressource radio disponible est divi-
sée en une grille d’unités de ressource radio, dans
lequel une station de base comprend des moyens
pour effectuer les étapes consistant à :

- attribuer au niveau d’une station de base une
pluralité d’au moins deux blocs d’unités de res-
source radio, chaque bloc d’unités de ressource
radio attribué comprenant au moins deux unités
de ressource radio consécutives dans le temps ;
et
- recevoir un message dans chacun des au
moins deux blocs d’unités de ressource radio, et
- mesurer au moins l’un d’un décalage temporel
et d’un décalage fréquentiel de chacun des mes-
sages, et
- transmettre un message de multidiffusion de-
puis la station de base vers un sous-ensemble
d’au moins deux terminaux, dans lequel au
moins l’un du décalage temporel ou du décalage
fréquentiel de chacun des terminaux est com-
pris dans une plage prédéfinie.

10. Système de communication radio selon la revendi-
cation 9, dans lequel au moins l’une d’une plage de
décalage temporel dépasse la durée d’une unité de
ressource ou d’une plage de décalage de fréquence

dépasse la largeur de bande d’une unité de ressour-
ce.

11. Système de communication radio selon l’une quel-
conque des revendications 9 à 10, dans lequel le
message de multidiffusion fournit au moins l’une
d’une information temporelle ou d’une information
fréquentielle à chacun des terminaux spécifiant
quand ou à quelle fréquence il convient de transmet-
tre un message de liaison montante.

12. Système de communication radio selon la revendi-
cation 11, dans lequel le message de multidiffusion
fournit une information temporelle permettant un ac-
cès quasi en temps réel.

13. Système de communication radio selon l’une quel-
conque des revendications 9 à 12, dans lequel la
station de base comprend en outre des moyens pour
exécuter les étapes consistant à :

- attribuer un bloc d’unités de ressource radio
au temps et à la fréquence correspondant res-
pectivement à l’information temporelle fournie
ou à l’information fréquentielle fournie, et
- recevoir un message de liaison montante de-
puis au moins un terminal du sous-ensemble au
temps ou à la fréquence spécifié dans l’informa-
tion temporelle ou fréquentielle fournie.

14. Système de communication radio selon l’une quel-
conque des revendications 9 à 13, dans lequel le
message de multidiffusion comprend une informa-
tion d’acquittement adressant tous les terminaux.

15. Système de communication radio selon l’une quel-
conque des revendications 9 à 14, dans lequel le
message de multidiffusion comprend une informa-
tion adressant uniquement un terminal du sous-en-
semble de terminaux adressé.

16. Système de communication radio selon l’une quel-
conque des revendications 9 à 15, dans lequel les
transmissions provenant des terminaux du sous-en-
semble présentent la même périodicité.

21 22 



EP 2 555 567 B1

13



EP 2 555 567 B1

14



EP 2 555 567 B1

15



EP 2 555 567 B1

16



EP 2 555 567 B1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 9502307 A [0011]


	bibliography
	description
	claims
	drawings

