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TITLE
METHOD OF CONTROLLING OPERATING STATES OF A FIRST
COMMUNICATION INTERFACE THROUGH MEDIATION VIA A SECOND
COMMUNICATION INTERFACE

FIELD

The present invention relates to discontinuous reception, also referred to as DRX, in
wirelessly connected equipment, in particular in connection with sidelink
communications as found, e.g., in Cellular-Vehicle-to-Everything (C-V2X)

communication.

BACKGROUND

In today’s connected world many devices are connected to other devices or systems
through wireless connections. Such devices may include portable or mobile devices,
sensors, and even motor vehicles. Very often, such devices not only communicate
with each other through a wireless network infrastructure such as the well-known 3G,
4G, 5G and future communication networks, but also directly, i.e., device-to-device, or
D2D, typically across short distances, depending on the standard also dubbed direct
short-range communication, or DSRC, e.g., in the IEEE802.11p standard. The direct
communication amongst devices foregoing the communication network infrastructure
is also referred to as sidelink communication, while the communication through
wireless network infrastructure is typically referred to as uplink or downlink.
Throughout this specification the direct device-to-device communication, or D2D, may
be referred to under any of the aforementioned names or abbreviations irrespective of
the underlying standard or protocol, unless it is clear from the context that a specific

implementation is meant.

In particular in C-V2X communication, sidelink communication is extensively used in
addition to using the up- or downlink connection to the wireless network. This not only
reduces the traffic load on the network infrastructure, which invariably causes non-
negligible overhead for connection management irrespective of the amount of data

transmitted, but also permits faster and more energy-efficient exchange of data
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between two or more wireless devices. In addition, direct communication permits
using higher frequencies, which offer higher data rates. In vehicle-to-vehicle (V2V),
vehicle-to-infrastructure (V2I) and vehicle-to-pedestrian (V2P) communication, sidelink
communication may preferably be used for short-range communication, e.g., for
transmitting information or data that may be of imminent importance to a user,
including but not limited to location and speed of a nearby vehicle or pedestrian.
Vehicle-to-network (V2N) communication, on the other hand, may be used for
transmitting information than may not be of imminent importance to a user, e.g.,
information about a traffic incident or difficult road conditions some distance ahead. In
this context, a user may be a person or a device, e.g., a vehicle providing advanced

driving assistance or even driving autonomously.

Figure 1 a) and b) illustrate various communication paths between infrastructure
devices, vehicles and personal communication devices using a wireless network
infrastructure and sidelink communication. Figure 1 a) shows the exclusive use of a
network infrastructure, represented by an antenna symbol. The infrastructure devices,
represented by a traffic light symbol, uses, e.g., a 5G network air interface (Uu) for its
infrastructure-to-network communication (12N). Likewise, vehicles and persons —
through their mobile communication devices — use the 5G network air interface for
their respective vehicle-to-network (V2N) and person-to-network (P2N)
communication. Figure 1 b) shows the exclusive use of sidelink communication, i.e.,
communication bypassing the network infrastructure, represented by the direct links
between the participants. It is easy to imagine that, depending on local conditions and

requirements, one of the communication channels can be used optionally.

Sidelink communication may use DRX in order to reduce energy consumption, which
is of significant importance in particular in battery-powered devices. DRX is a power
saving mechanism, in which ON and OFF periods are defined, mainly at the receiver
side. During OFF periods, the device’s components required for wireless connectivity
enter a sleep mode, e.g., turn off an RF modem, a baseband receiver and the like,
which results in significantly reduced power consumption. As such, DRX also has an
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effect on potential transmitters, or it should at least be considered having such effect,

for efficient operation, as a targeted receiver cannot receive during OFF periods.

Depending on the ratio of the duration of ON and OFF time periods, i.e., the duty
cycle, more or less energy can be saved, as is illustrated in figure 2 a) and b). Figure 2
a) shows a comparatively long ON period during each DRX cycle, which permits
receiving transmissions during a longer time period, but results in lower energy saving.
Figure 2 b) shows a comparatively short ON period during each DRX cycle, which
results in higher energy saving but permits receiving transmissions during a shorter

time period only.

It is readily apparent that, in order for sidelink communication using DRX to effectively
transport information from the transmitter to the receiver, the ON time periods of a
receiver need to be synchronised with the time a transmitter actively transmits. In
addition to synchronised DRX duty cycles, further energy savings can be achieved
using so-called Go-to-Sleep and Wake-Up messages, through which transmitters and
receivers may stipulate ON or OFF periods extending over time periods covering
multiple DRX duty cycles. During extended ON or OFF periods the DRX
synchronisation is maintained, i.e., the schedule for activating and deactivating the
receiver after the extended ON or OFF period has expired will remain synchronized
with that of the transmitter.

Figure 3 a) shows an exemplary configuration for increased energy saving by using an
extended OFF period spanning several DRX duty cycles. The extended OFF period is
controlled using control messages for putting the receivers into an OFF state at
predetermined time instants, either absolute or with reference to a DRX cycle. Here, a
Go-to-sleep message may be issued at some point during an ON state, instructing the
receivers to assume an OFF state at a certain point in time. A control command also
specifies when the receiver is to assume an ON state again. This can be specified as
an absolute point in time, in particular when all receivers have accurate and
synchronized clocks, or as a number of DRX cycles to skip before assuming the ON

state, in accordance with the original DRX duty cycle and synchronisation. At the end
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of the extended OFF period, the original DRX duty cycle is resumed, indicated by the
remainder of a DRX ON period being executed prior to entering the brief DRX OFF

period, and continuing “normal” DRX duty cycles.

The Go-to-Sleep and Wake-Up messages may also be used in DRX duty cycle
schemes having long OFF periods, for enabling intermediate reception during an OFF
period. This may result in even further increased energy saving while keeping the
operation of sidelink communication agile, as is illustrated in figure 3 b). Figure 3 b)
shows a configuration for flexibly receiving low-latency and/or critical transmissions
during a DRX cycle configured for high energy saving. Here, a Wake-up message
defines the instant when the receiver is to assume an ON state, even when the DRX
duty cycle would put the receiver into an OFF state. The Wake-up message may also
specify for how long the receiver is to remain in ON state before resuming the
previously configured DRX cycle, i.e., assuming whichever state is configured for the
time after the ON time specified in the Wake-up message has expired. The original

DRX duty cycle remains unchanged.

Evidently, Go-to-Sleep and Wake-Up messages for stipulating the ON and OFF time
periods amongst any number of devices can only be received during ON time periods
or through dedicated independent channels, and the problem remains that there still
may be situations in which these DRX-related commands do not reach all users, or in
which the operation of the sidelink interface turns out to be much less efficient than
possible. Such situation can, e.g., occur, when devices within a transmitter’s radio
range have different or non-aligned DRX configurations, which can occur, e.g., when a
device that was previously configured to a different transmitter enters the radio range
of a new transmitter, whose “DRX group” is differently configured. Three receiver
devices RX1, RX2 and RX3 with different DRX configurations, indicated by the
respective ON/OFF-states, within the radio range of a transmitter device TX are
shown in figure 4. A base station gNB of a radio access network is also within radio
range of the transmitter device TX. The receivers RX2 and RX3 have at least some
coinciding ON states, while the receiver RX1 is never in an ON state when any of the

other receivers is in an ON state. In figure 4 the transmitter TX intends to transmit to
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three receivers RX1, RX2 and RX3 that are located within the radio range of
transmitter TX, indicated by the dashed oval. However, each of the receivers RX1,
RX2 and RX3 has an individual DRX cycle, represented by the different ON/OFF
timelines, and, as illustrated in figure 4, receiver RX1 is never in an ON state when
any of the other receivers is in an ON state. In such situation, it will be very difficult for
the transmitter TX to reach all receivers RX1, RX2 and RX3 within a reasonable time
and without having to repeat the transmission many times, hoping to eventually deliver
the message to all receivers RX1, RX2 and RX3, if that is possible at all. This will
unavoidably need sending multiple messages, and in the worst case sending as many
messages as there are receivers, or even more. In addition, repeating the
transmission will require a significant amount of energy at the transmitter TX. While it
may be possible to use a groupcast, such groupcast requires maintenance of the
group and, in many scenarios, groupcasts do not provide feedback. However, even
with feedback, groupcast is less-reliable than unicast, as the transmission is not

optimized.

In general, a transmitter will only have knowledge about poor coverage in terms of
reached receivers based on signal quality indications or feedback. Thus, loss of
messages is possible, including DRX control messages such as Go-to-Sleep, which

negatively affects energy saving opportunities in the receivers.

SUMMARY OF THE INVENTION
There is, thus, a need for providing more reliability to DRX-related signalling and
commands, including, in particular, Go-to-Sleep and Wake-Up.

This object is achieved by the methods of independent claims 1, 8 and 12 and the
apparatus of independent claims 5, 10 and 15. Advantageous embodiments and

developments are provided in the respective dependent claims.

In accordance with a first aspect of the invention a method of operating a first
communication apparatus for controlling electronic components of one or more second

communication apparatus is provided. The first communication apparatus is
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configured to establish, maintain, and terminate a first wireless communication
connection with a base station of a radio access network (RAN) and is further
configured to establish, maintain, and terminate second, direct wireless

communication connections with the one or more second communication apparatus.

The radio access network may include a network in accordance with the 3GPP
technical specification TS 38.300-family, also referred to as 5G NR, and further
developments thereof, e.g., the future 6G standard, in which a plurality of
communication apparatus connects or attaches to the radio access network through
one of a plurality of base stations. In 5G NR networks, the first communication
connection is also referred to under the abbreviation Uu, which may be used in this
specification without meaning to limit the scope of the appended claims to 5G NR use
cases. 3GPP, for 3rd Generation Partnership Project, is an umbrella term for a
number of standards organizations which develop protocols for mobile

telecommunications.

The second, direct wireless communication connections may include so-called
“sidelink” communication connections, which refers to direct communication between
terminal nodes or user equipment without data going through a radio access network
infrastructure the terminal nodes or user equipment is also logically attached to. In 5G
NR networks, the second communication connection is also referred to under the
abbreviation PC5, which may be used in this specification without meaning to limit the
appended claims to 5G NR use cases. Thus, it is also conceivable that the sidelink
communication is effected through wireless LAN connections according to standards

of the IEEE802.11-family, or through Bluetooth connections.

The first and the second wireless communication connection may at least temporarily
exist or be active at the same time, i.e., they may be independent from each other.
This may include physically separate receivers and transmitters for each

communication connection.
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The electronic components controlled by executing the method may, in particular, be
required, in the one or more second communication apparatus, for receiving wireless
transmissions over the second communication connection. The electronic components
may, thus, be part of or form a receiver including, inter alia, a radio frequency modem,

a baseband receiver, and the like.

The first communication apparatus is further configured to transmit, via the second
communication connection, control information items for scheduling operation of the
electronic components, required for receiving wireless transmissions over the second
communication connection, in the one or more second communication apparatus in a
first or a second operating mode, respectively.

In the first operating mode, which may be dubbed ON-mode, the electronic
components of the one or more second communication apparatus are powered and
operative, enabling reception of wireless transmissions over the second
communication connection. In the second operating mode, which may be dubbed
OFF-, sleep- or energy saving-mode, the electronic components of the one or more
second communication apparatus are not powered or are put in a low-power mode
and are not operative, and consequently wireless transmissions cannot be received

over the second communication connection.

In accordance with the first aspect of the invention the method comprises determining,
if one or more second communication apparatus did not receive one or more control
information items previously transmitted via the second communication channel. In the
positive case, i.e., when one or more second communication apparatus did not
receive one or more control information items previously transmitted via the second
communication channel, it may be assumed that the first and second operating modes
of the corresponding second communication apparatus are not synchronized or at
least not sufficiently overlapping with the first and second operating mode as
controlled or instructed by the first communication apparatus. Thus, in the positive
case, the method includes transmitting a corresponding indication, via the first

communication connection, to the base station of the radio access network. In a basic
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embodiment, the indication may simply comprise an information that a second
communication connection between the first communication apparatus and one or

more second communication apparatus is compromised or lost.

This very basic information would allow a base station of the radio access network to
instruct all first and second communication apparatus attached thereto to enter the
first operating mode, i.e., ON-mode, and instruct them to use a sidelink
communication channel with specified parameters. The first communication apparatus
can then take over and transmit control information items for synchronising the
operation of the second communication apparatus in first and second operating
modes, respectively, for future transmissions.

When an identification of the one or more second communication apparatus is
comprised in the indication from the first communication apparatus to the base station
of the radio access network, a more specific action from the base station is possible,
e.g., instructing only those second communication apparatus identified in the
indication to enter the first operating mode, i.e., ON-mode, at a certain point in time

and instruct them to use a sidelink communication channel with specified parameters.

In one or more embodiments of the method determining, if one or more second
communication apparatus did not receive one or more control information items
previously transmitted via the second communication channel, comprises measuring
and evaluating a signal quality of the second communication connection and/or
evaluating hybrid automatic repeat request (HARQ) feedback on the second

communication connection.

In one or more embodiments of the method the indication transmitted via the first
communication connection to the base station of the radio access network comprises
control information items enabling synchronising the operation of electronic
components, required for receiving wireless transmissions over the second
communication connection, in the one or more second communication apparatus

which did not receive one or more control information items previously transmitted via
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the second communication channel, in the first and the second operating modes,
respectively. Such control information items enabling synchronising may include a
DRX cycle timing. Alternatively, or in addition, the control information items may
include information for activating and deactivating, respectively, individual carriers
used for communicating via the second communication connection, in response to

received control information items.

The indication and/or the control information items may be transmitted in the media
access control (MAC) sublayer of the first wireless communication connection, e.g., in
a MAC control element (MAC CE). The MAC CE is transmitted through configured
grant (CG) or dynamic grant resources. The control information items may
alternatively be transmitted in a physical control channel of the first wireless

communication connection, e.g., in a Downlink Control Information (DCI) message.

The MAC sublayer serves for organising the communication channel and operates,
inter alia, on the downlink shared channel (DL-SCH) and uplink shared channel (UL-
SCH) of 5G networks. Similar sublayers are found in 4G networks and will be present
in future networks. In 5G the MAC sublayer comprises MAC protocol data units
(PDUs). A MAC PDU is a bit string that is byte aligned, i.e., multiple of 8 bits in length,
and that consists of one or more of the following MAC subPDUs:

- A MAC subheader only, including padding;

- A MAC subheader and a MAC SDU, i.e., a MAC service data unit;

- A MAC subheader and a MAC CE;

- A MAC subheader and padding.

The MAC subheader for the for DL-SCH and UL-SCH consists of the following fields:
- LCID: The Logical Channel ID field identifies the logical channel instance of the
corresponding MAC SDU or the type of the corresponding MAC CE or padding. An
example of the LCID for the DL-SCH is shown below. There is one LCID field per
MAC subheader. The LCID field size is 6 bits;

- L: The Length field indicates the length of the corresponding MAC SDU or
variable-sized MAC CE in bytes. There is one L field per MAC subheader except for



10

WO 2023/194351 PCT/EP2023/058778

10
subheaders corresponding to fixed-sized MAC CEs, padding, and MAC SDUs
containing UL CCCH. The size of the L field is indicated by the F field,;
- F: The Format field indicates the size of the Length field. There is one F field
per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs,
padding, and MAC SDUs containing UL CCCH. The size of the F field is 1 bit. The
value O indicates 8 bits of the Length field. The value 1 indicates 16 bits of the Length
field;

- R: Reserved bit, set to zero.

Amongst the available fields the logical channel ID field (LCID) is a good candidate for
transmitting control information items for scheduling operation of electronic
components in accordance with a DRX regime. Table 6.2.1-1 from ETSI TS 138 321
V15.3.0 (2018-09) shows the values of LCID for DL-SCH:

Index LCID values
0 CCCH
1=32 Identity of the logical channel
33-46 Reserved
47 Recommended bit rate
48 SP ZP CSI-RS Resource Set
Activation/Deactivation
49 PUCCH spatial relation
Activation/Deactivation
50 SP SRS Activation/Deactivation
51 SP CSl reporting on PUGCCH
Aclivation/Deactivation
52 TCl State Indication for UE-specific
PDCCH
53 TCI States Activation/Deactivation for UE-
specific PDSCH
54 Aperiodic CSI Trigger State Subselection
55 SP CSI-RS / CSI-IM Resource Set
Activation/Deactivation
56 Duplication Activation/Deactivation
57 SCell Activation/Deactivation (four octet)
58 SCell Activation/Deactivation (one oclet)
59 Long DRX Command
60 BRX Command
61 Timing Advance Command
62 UE Contention Resolution Identity
63 Padding
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Indices 33-46 are reserved, i.e., are currently not used. Each LCID index is associated
with a corresponding byte, as shown in figure 8. Any bit Co to C7 within the
corresponding byte of any of these reserved indices within the MAC subheader may
be set to 1, indicating that Go-to-sleep for the second wireless communication
connection, i.e., the sidelink communication connection, shall be activated in the
receiving device. Accordingly, the chosen bit may be set to 0, indicating that Go-to-
sleep for the second wireless communication connection shall be deactivated in the

receiving device.

Alternatively, or additionally, any bit Co to C7 within the corresponding byte of any of
these reserved indices within the MAC subheader may be set to 1, indicating that data
transmission for a specific carrier of the second wireless communication connection,
i.e., the sidelink communication connection, shall be activated in the receiving device.
Accordingly, the chosen bit may be set to 0, indicating that data transmission for a
specific carrier the second wireless communication connection shall be deactivated in
the receiving device. This embodiment may inter alia be used in second
communication connections using carrier aggregation of up to 8 carriers, for activating
or deactivating individual carriers. The bits Co to C7 within the byte represent a status

bit map for the carriers.

Note that one or more of the reserved octets may be used if required.

If more carriers can be aggregated, e.g., 16 carriers, four bits of an octet may indicate
a specific carrier, while any one of the other four bits may indicate whether to activate
or deactivate the carrier. Four bits of an exemplary octet for switching off the second
carrier could look like 0010, i.e., representing the channel number in binary format,
and a fifth bit could be set to O, indicating the action to be taken. Four bits for
switching on the third carrier could look like 0011, and the fifth bit would be set to 1.
This method could be used if spare bits or bytes in existing protocols are scarce, e.g.,
in a DCI message transmitted in a control channel for physical layer signalling, and it
may even be conceivable to transmit the five bits sequentially in subsequent

messages or commands.
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In accordance with a second aspect of the invention a first communication apparatus
adapted to execute the method in accordance with the first aspect of the invention is
configured to establish, maintain and terminate a first wireless communication
connection with a base station of a radio access network, and to establish, maintain
and terminate second, direct wireless communication connections with one or more
second communication apparatus. The second apparatus may be of the same or a
similar kind as the first communication apparatus, i.e., capable of establishing a first

and a second wireless connection like the first communication apparatus.

The radio access network may include a network in accordance with the 3GPP
technical specification TS 38.300-family, also referred to as 5G NR, and further
developments thereof, e.g., the future 6G standard, in which a plurality of
communication apparatus connects or attaches to the radio access network through
one of a plurality of base stations. In 5G NR networks, the first communication
connection is also referred to under the abbreviation Uu, which may be used in this
specification without meaning to limit the scope of the appended claims to 5G NR use

cases.

The second, direct wireless communication connections may include so-called
“sidelink” communication connections, which refers to direct communication between
terminal nodes or user equipment without data going through a radio access network
infrastructure the terminal nodes or user equipment is also logically attached to. In 5G
NR networks, the second communication connection is also referred to under the
abbreviation PC5, which may be used in this specification without meaning to limit the
appended claims to 5G NR use cases. Thus, it is also conceivable that the sidelink
communication is effected through wireless LAN connections according to standards

of the IEEE802.11-family, or through Bluetooth connections.

The first and the second wireless communication connection may at least temporarily
exist or be active at the same time, i.e., they may be independent from each other.
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This may include physically separate receivers and transmitters for each

communication connection.

The first communication apparatus is further configured to transmit, via the second
communication connection, control information items for scheduling operation of
electronic components, required for receiving wireless transmissions over the second
communication connection, in one or more second communication apparatus in a first
or a second operating mode, respectively. The electronic components may comprise,
inter alia, electronic components of a wireless transmitter, a wireless receiver, and/or a

power management circuit.

In the first operating mode, which may be dubbed ON-mode, the electronic
components, required for receiving wireless transmissions over the second
communication connection, of the one or more second communication apparatus are
powered and operative to receive wireless transmissions over the second
communication connection. In the second operating mode, which may be dubbed
OFF-, sleep- or energy saving-mode, the electronic components, required for receiving
wireless transmissions over the second communication connection, of the one or more
second communication apparatus are not powered or are put in a low-power mode
and are not operative to receive wireless transmissions over the second

communication connection.

In accordance with the second aspect of the invention the first communication
apparatus is further configured to determine, if one or more second communication
apparatus did not receive one or more control information items previously transmitted
via the second communication channel. In the positive case, i.e., when it has been
determined that one or more second communication apparatus did not receive one or
more control information items previously transmitted via the second communication
channel, it may be assumed that the first and second operating modes of the
corresponding second communication apparatus are not synchronized or at least
sufficiently overlapping with the first and second operating mode as controlled by the

first communication apparatus. Thus, in the positive case, the first communication
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apparatus is further configured to transmit a corresponding indication, via the first

communication connection, to the base station of the radio access network.

In one or more embodiments the first communication apparatus is configured, for
determining if one or more second communication apparatus did not receive one or
more control information items previously transmitted via the second communication
channel, to measure and evaluate a signal quality of the second communication
connection and/or to evaluate hybrid automatic repeat request feedback on the

second communication connection.

In one or more embodiments the first communication apparatus is configured to
transmit, via the first communication connection to the base station of the radio access
network and along with the indication, control information items for synchronising the
operation of electronic components, required for receiving wireless transmissions over
the second communication connection, in the second communication apparatus which
did not receive one or more control information items previously transmitted via the
second communication channel, in the first and the second operating modes,
respectively. The control information items enabling synchronising may include a DRX
cycle timing. Alternatively, or in addition, the control information items may include
information for activating and deactivating, respectively, individual carriers used for
communicating via the second communication connection, in response to received

control information items.

In accordance with a third aspect of the invention a method of operating a second
communication apparatus, which is configured to establish, maintain and terminate a
first wireless communication connection with a base station of a radio access network
and which is further configured to establish, maintain and terminate a second, direct
wireless communication connection with a first communication apparatus, comprises
receiving, at the second communication apparatus and via the second communication
connection, control information items for scheduling operation of electronic
components, required for receiving wireless transmissions over the second

communication connection, in a first or a second operating mode, respectively.
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The radio access network may include a network in accordance with the 3GPP
technical specification TS 38.300-family, also referred to as 5G NR, and further
developments thereof, e.g., the future 6G standard, in which a plurality of
communication apparatus connects or attaches to the radio access network through
one of a plurality of base stations. In 5G NR networks, the first communication
connection is also referred to under the abbreviation Uu, which may be used in this
specification without meaning to limit the scope of the appended claims to 5G NR use

cases.

The second, direct wireless communication connections may include so-called
“sidelink” communication connections, which refers to direct communication between
terminal nodes or user equipment without data going through a radio access network
infrastructure the terminal nodes or user equipment is also logically attached to. In 5G
NR networks, the second communication connection is also referred to under the
abbreviation PC5, which may be used in this specification without meaning to limit the
appended claims to 5G NR use cases. Thus, it is also conceivable that the sidelink
communication is established through wireless LAN connections according to
standards of the IEEE802.11-family, or through Bluetooth connections.

The first and the second wireless communication connection may at least temporarily
exist or be active at the same time, i.e., they may be independent from each other.
This may include physically separate receivers and transmitters for each

communication connection.

In the first operating mode, which may be dubbed ON-mode, the electronic
components of the second communication apparatus are powered and operative to
receive wireless transmissions over the second communication connection. In the
second operating mode, which may be dubbed OFF-, sleep- or energy saving-mode,
the electronic components of the second communication apparatus are not powered
or are put in a low-power mode and are not operative to receive wireless

transmissions over the second communication connection.
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In accordance with the third aspect of the invention the method comprises receiving,
via the first communication connection, and from a base station of the radio access
network, the control information items for scheduling operation of the electronic
components, required for receiving wireless transmissions over the second
communication connection, in the first or the second operating mode, respectively.
The control information items received via the first communication connection override
control information items previously received via the second communication

connection.

The control information items may be received in the media access control (MAC)
sublayer of the first wireless communication connection or in a physical control

channel.

In accordance with a fourth aspect of the invention a second communication
apparatus adapted to execute the method in accordance with the third aspect of the
invention is configured to establish, maintain and terminate a first wireless
communication connection with a base station of a radio access network, and to
establish, maintain and terminate a second, direct wireless communication
connections with a first communication apparatus. The second apparatus may be of
the same or a similar kind as the first communication apparatus, i.e., capable of
establishing a first and a second wireless connection like the first communication

apparatus.

The radio access network may include a network in accordance with the 3GPP
technical specification TS 38.300-family, also referred to as 5G NR, and further
developments thereof, e.g., the future 6G standard, in which a plurality of
communication apparatus connects or attaches to the radio access network through
one of a plurality of base stations. In 5G NR networks, the first communication
connection is also referred to under the abbreviation Uu, which may be used in this
specification without meaning to limit the scope of the appended claims to 5G NR use

cases.
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The second, direct wireless communication connections may include so-called
“sidelink” communication connections, which refers to direct communication between
terminal nodes or user equipment without data going through a radio access network
infrastructure the terminal nodes or user equipment is also logically attached to. In 5G
NR networks, the second communication connection is also referred to under the
abbreviation PC5, which may be used in this specification without meaning to limit the
appended claims to 5G NR use cases. Thus, it is also conceivable that the sidelink
communication is established wireless LAN connections according to standards of the

IEEE802.11-family, or through Bluetooth connections.

The first and the second wireless communication connection may at least temporarily
exist or be active at the same time, i.e., they may be independent from each other.
This may include physically separate receivers and transmitters for each

communication connection.

The second communication apparatus is further configured to receive, via the second
communication connection, control information items for scheduling operation of
electronic components, required for receiving wireless transmissions over the second

communication connection, in a first or a second operating mode, respectively.

In the first operating mode, which may be dubbed ON-mode, the electronic
components, required for receiving wireless transmissions over the second
communication connection, of the second communication apparatus are powered and
operative to receive wireless transmissions over the second communication
connection. In the second operating mode, which may be dubbed OFF-, sleep- or
energy saving-mode, the electronic components, required for receiving wireless
transmissions over the second communication connection, of the one or more second
communication apparatus are not powered or are put in a low-power mode and are
not operative to receive wireless transmissions over the second communication
connection.
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In accordance with the fourth aspect of the invention the second communication
apparatus is further configured to receive, via the first communication connection, and
from a base station of the radio access network, the control information items for
scheduling operation of the electronic components, required for receiving wireless
transmissions over the second communication connection, in the first or the second
operating mode, respectively. The second communication apparatus is further
configured to override control information items previously received via the second
communication connection with the control information items received via the first

communication connection.

In one or more embodiments the second communication apparatus in accordance
with the fourth aspect of the invention is configured to activate and deactivate,
respectively, individual carriers used for communicating via the second communication

connection, in response to received control information items.

In accordance with a fifth aspect of the invention a method of operating a base station
of a radio access network, which is configured to establish, maintain and terminate
first wireless communication connections with a first and a second communication
apparatus in accordance with the first and the second aspect of the invention,
respectively, comprises receiving, from a first communication apparatus and via the
first wireless communication connection, an indication representing an information that
a second communication connection between the first communication apparatus and
one or more second communication apparatus is compromised or lost. The base
station will then transmit, via the first communication connection and to one or more
second communication apparatus, control information items for scheduling the
operation of electronic components, required for receiving wireless transmissions from
the first communication apparatus over the second communication connection, in the

first and the second operating modes, respectively.

In one or more embodiments the method in accordance with the fifth aspect of the
invention comprises establishing and maintaining a correspondence between

identifiers used in first and second communication apparatus for communicating via
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the first communication connection and identifiers used in first and second
communication apparatus for communicating via the second communication
connection. This may help the base station to identify and contact those second
communication apparatus that cannot be reached by the first communication
apparatus. The correspondence may be established at the time a communication
apparatus registers with or attaches to a base station of the radio access network. At
this occasion, the base station may configure an identity for each communication
device for use in the second communication connection, which the second
communication devices make known to each other in the initial interactions over the

second communication connection.

In one or more embodiments the method in accordance with the fifth aspect of the
invention the control information items comprise an identification of one or more
carriers in the second communication connection, which are to be activated or

deactivated.

In accordance with a sixth aspect of the invention a base station of a radio access
network comprises one or more microprocessors, volatile and non-volatile memory,
and receiver and transmitter means, which are communicatively connected via at least
one data connection or bus. The non-volatile memory comprises computer program
instructions which, when executed by the one or more microprocessors control the
receiver and transmitter means to establish, maintain and terminate first
communication connections with one or more first and second communication
apparatus in accordance with the second and fourth aspect of the invention,
respectively. The non-volatile memory further stores computer program instructions
which, when executed by the one or more microprocessors, configure the base station
to implement and execute the method of the fifth aspect of the invention. The first
wireless communication connection may include, inter alia, a connection in
accordance with 3GPP 5G and/or 6G standards.

In accordance with a seventh aspect of the invention a method of enabling

communication between a first communication apparatus in accordance with the
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second aspect of the invention and one or more second communication apparatus in
accordance with the fourth aspect of the invention, via a second communication
connection is presented. The first communication apparatus and the one or more
second communication apparatus are further configured to communicate with a base
station of a radio access network via a first communication connection. The method
comprises determining, in the first communication apparatus, if one or more second
communication apparatus did not receive one or more control information items
previously transmitted via the second communication connection. In the positive case,
the method comprises transmitting a corresponding indication, via the first
communication connection, to the base station of the radio access network. The base
station, via the first communication connection and from the first communication
apparatus, receives the indication representing an information that a second
communication connection between the first communication apparatus and one or
more second communication apparatus is compromised or lost. In response, the base
station transmits, via the first communication connection and to one or more second
communication apparatus, control information items for scheduling or modifying the
operation of electronic components, required for receiving wireless transmissions from
the first communication apparatus over the second communication connection, in the
first and the second operating modes, respectively. The one or more second
communication apparatus receive, via the first communication connection, and from
the base station of the radio access network, the control information items for
scheduling or modifying operation of the electronic components, required for receiving
wireless transmissions over the second communication connection, in the first or the
second operating mode, respectively, and apply the received control information items
accordingly. Control information items received via the first communication connection
override control information items previously received via the second communication
connection.

The methods of the first, third, fifth, and seventh aspect of the invention may be
represented by computer program instructions which, when executed by a
microprocessor, cause a microprocessor and/or control hardware components of a

first or second communication apparatus or of a base station as presented
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hereinbefore, respectively, to execute the respective method of controlling the

respective apparatus.

The computer program instructions may be retrievably stored or transmitted on a
computer-readable medium or data carrier. The medium or the data carrier may by
physically embodied, e.g., in the form of a hard disk, solid state disk, flash memory
device or the like. However, the medium or the data carrier may also comprise a
modulated electro-magnetic, electrical, or optical signal that is received by the
computer by means of a corresponding receiver, and that is transferred to and stored

in @ memory of the computer.

The first and second communication apparatus may be one and the same
communication apparatus that can optionally assume the role of the first and second
communication apparatus, respectively. Such apparatus may be comprised in a

vehicle or a road-side unit.

The invention described hereinbefore provides enhanced reliability to management of
sidelink DRX operation by means of gNB assistance or, more general, by a network
entity that can access multiple UEs over a communication channel that is different
from the sidelink communication channel. As the UEs are provided with information for
synchronising the ON and OFF periods of the receivers for the sidelink communication
through a separate communication channel, that may need to be permanently active
anyway, synchronisation of the receivers for the sidelink communication or at least
establishing coincident ON-modes for all receivers may be attained or restored faster.
Hence, the proposed method provides more efficient use of UE energy, which is

typically stored in batteries, thus prolonging the operating time between charges.

While the invention has been described using 3GPP 5G as an example, it may also be
applied to sidelink communication via Bluetooth in wireless LAN networks, e.g., a
wireless LAN access point or any other suitable entity in the wireless LAN network
instructs one or more UES to bring their Bluetooth receivers into an active state on a

specified channel.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following section the invention will be described with reference to the figures of

the drawing. The examples provided in the drawing are illustrative only, and should

not be considered limiting the scope of the claims. In the drawing

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

Fig. 7

Fig. 8

Fig.

Fig.

Fig.

Fig.

10

11

12

illustrates various communication paths between devices using a wireless
network infrastructure and devices using sidelink communication,

illustrates examples of low and high energy saving depending on the ON/OFF
ratio during a DRX cycle,

shows examples of increased energy saving and flexible communication
through use of DRX control messages,

illustrates an exemplary situation in which sidelink communication may be
difficult,

shows an exemplary situation in which the transmitter TX has determined that
one of the receivers has not received a transmission over the sidelink
communication channel,

shows the transmitter’s action following the exemplary situation illustrated in
figure 5,

illustrates the gNB’s action following the exemplary situation shown in figure 6,
shows the message flow of alternatives for letting the first device know that
the second device’s DRX scheme is at least temporarily synchronised with
that of other second devices,

shows an example how to transmit DRX control information items from a base
station of a radio access network to a second communication apparatus within
an existing communication data structure,

shows a flow diagram of a method in accordance with the invention executed
in a first device,

shows a flow diagram of a method in accordance with the invention executed
in a second device,

shows a flow diagram of a method in accordance with the invention executed

in a base station of a radio access network,
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Fig. 13 shows an exemplary block diagram of a first or second communication
apparatus in accordance with the second or fourth aspect of the present
invention, and
Fig. 14 shows an exemplary block diagram of a base station in accordance with the

sixth aspect of the present invention.

In the figures, identical or similar elements may be referenced using the same

reference designators.

DETAILED DESCRIPTION OF EMBODIMENTS
Figures 1 through 4 and 9 have been described further above and will not be

discussed again.

Figure 5 shows an exemplary situation in which the first device TX, has determined
that one of the second devices, RX1, has not received, indicated by the crossed check
box, a transmission over the sidelink communication channel, e.g., a DRX control
transmission like a Go-to-sleep command, whereas the other two second devices,
RX2 and RX3, have received the DRX control transmission, indicated by the checked
check box. The transmitter may have determined the situation from signal quality
measurements on signals received from the respective second devices or from HARQ
feedback. A likely reason for the second device RX1 not having received the

transmission is that it was in an OFF state in accordance with its DRX regime.

Figure 6 shows the next step taken by the first device TX, which is signalling to the
network, more specifically to the base station, or gNB, represented by the antenna
pole, the first and second devices TX, RX1, RX and RX3 are communicatively
attached to, that it needs assistance in transmitting a message to second device RX1,
for example, for synchronizing the DRX regime of second device RX1 with that of the
other second devices RX2 and RX3, under control of the first device TX. In response
to the message from the first device TX, gNB transmits control information items,
represented by the battery and leaf symbols in Figure 7, enabling the second device
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RX1 to at least temporarily synchronise its DRX regime with that of the other second
devices RX2 and RX3, as instructed by the first device TX.

Figure 8 shows the message flow of alternatives for letting the first device TX know
that the second device’s RX1 DRX scheme is at least temporarily synchronised with
that of the other second devices RX2 and RX3. In a first option, which may be dubbed
direct mode, the first device TX receives feedback, e.g., an ACK message, directly
from the second device RX1 through the second communication connection, indicated
by the dash-dotted arrow. In a second option, which may be dubbed indirect mode,
the second device RX1 transmits feedback, e.g., an ACK message, to the base
station gNB, which subsequently forwards the message to the first device TX,
indicated by the dash-double dotted arrows. In a third option, which may be dubbed
serendipity mode, the first device TX learns that the DRX scheme of the second
device RX1 is at least temporarily synchronised with that of the other second devices
RX2 and RX3 in a similar way as it learned that the second communication connection
was lost or compromised, by receiving some data or message in response to a prior
transmission to the group. Obviously, the third mode is not represented in the figure.

Figure 10 shows a flow diagram of a method 100 in accordance with the first aspect of
the invention executed in a first device TX. In step 102 one or more control information
items are transmitted via the second communication connection PC5 to one or more
second devices RX1, RX2, RX3. In step 104 the first communication device TX
determines, if one or more second communication apparatus RX1, RX2, RX3 did not
receive one or more control information items previously transmitted via the second
communication connection PC5. In the negative case, “no”-branch of step 104, the
first device keeps transmitting as appropriate. In the positive case, “yes’-branch of
step 104, the first device transmits, in step 106, a corresponding indication, via the
first communication connection Uu, to the base station gNB of the radio access

network.

Figure 11 shows a flow diagram of a method 200 in accordance with the invention

executed in a second device RX1, RX2, RX3. In step 202 the second device RX1,
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RX2, RX3 receives, via the first communication connection uU, and from a base
station gNB of the radio access network, control information items for scheduling or
modifying operation of the electronic components, required for receiving wireless
transmissions over the second communication connection PC5, in the first or the
second operating mode, respectively. In step 204 the second device RX1, RX2, RX3
applies the control information items received via the first communication connection
uU, for operating of the electronic components, required for receiving wireless
transmissions over the second communication connection PC5, in an according
operating mode, overriding any previously set operating schedule or control

information items previously received via the second communication connection PC5.

Figure 12 shows a flow diagram of a method 300 in accordance with the invention
executed in a base station gNB of a radio access network. In step 304 the base
station gNB receives, via the first communication connection uU, and from a first
communication apparatus TX, an indication representing an information that a second
communication connection between the first communication apparatus TX and one or
more second communication apparatus RX1, RX2, RX3 is compromised or lost. In
step 306 the base station gNB transmits, via the first communication connection Uu
and to one or more second communication apparatus RX1, RX2, RX3, control
information items for scheduling or modifying the operation of electronic components,
required for receiving wireless transmissions from the first communication apparatus
TX over the second communication connection PC5, in the first and the second
operating modes, respectively. In particular the base station gNB may transmit a
control information item that causes a receiver adapted for communicating over the
second communicating connection to assume a first operating mode, such that
transmissions from the first communication apparatus can be received. This may
include an identification of one or more carriers in the second communication
connection PC5, which are to be activated or deactivated. In 302, which may be
preceding all other steps of the method, the base station gNB may establish and
maintain a correspondence between identifiers that are assigned to first and second
communication apparatus TX, RX1, RX2, RX3 for use in the first and the second

communication connection, respectively.



10

15

20

25

WO 2023/194351 PCT/EP2023/058778

26

Figure 13 shows an exemplary block diagram of a first or second communication
apparatus TX, RX1, RX2, RX2 in accordance with the second or fourth aspect of the
present invention. The first or second communication apparatus TX, RX1, RX2, RX2
comprise one or more microprocessors 502, a volatile memory 504, a non-volatile
memory 506, a first communication interface 508 adapted to communicate via a first
communication connection uU, and a second communication interface 510 adapted to
communicate via a second communication connection PC5, which are
communicatively connected via at least one data connection or bus 512. The first and
second communication interface 508, 510 may comprise appropriate receiver and
transmitter means. The non-volatile memory 506 stores computer program
instructions which, when executed by the microprocessor 502, cause the first or
second communication apparatus TX, RX1, RX2, RX2 to at least execute parts of the
methods according to the first and/or third aspect of the present invention as

presented above.

Figure 14 shows an exemplary block diagram of a base station gNB in accordance
with the sixth aspect of the present invention. The base station gNB comprises one or
more microprocessors 502, a volatile memory 504, a non-volatile memory 506, and a
first communication interface 508 adapted to communicate via a first communication
connection uU, which are communicatively connected via at least one data connection
or bus 512. The first communication interface 508 may comprise appropriate receiver
and transmitter means. The non-volatile memory 506 stores computer program
instructions which, when executed by the microprocessor 502, cause the base station
gNB to execute the method according to the fifth aspect of the present invention as

presented above.
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LIST OF REFERENCE NUMERALS (PART OF THE DESCRIPTION)
100 method (first communication 400 method (system)
apparatus) 502 microprocessor
102 transmitting (PC5) 504 volatile memory
5 104 determining 20 506 non-volatile memory
106 transmitting (uU) 508 first communication interface
200 method (second communication 510 second communication interface
apparatus) 512 data connection/bus
202 receive gNB base station
10 204 apply 25 PC5 second wireless communication
300 method (base station) connection
302 establish/maintain RX1, RX2, RX3
correspondence second communication apparatus
304 receive indication TX first communication apparatus
15 306 transmit control information 30 Uu first wireless communication

items connection



10

15

20

25

30

WO 2023/194351 PCT/EP2023/058778

28
CLAIMS

1. Method (100) of operating a first communication apparatus (TX) for controlling
electronic components of one or more second communication apparatus (RX1, RX2,
RX3), the first communication apparatus (TX) being configured to establish, maintain
and terminate a first wireless communication connection (Uu) with a base station
(gNB) of a radio access network and further being configured to establish, maintain
and terminate second, direct wireless communication connections (PC5) with the one
or more second communication apparatus (RX1, RX2, RX3), wherein the first
communication apparatus (TX) is further configured to transmit, via the second
communication connection (PC5), control information items for scheduling or
modifying operation of the electronic components required for receiving wireless
transmissions over the second communication connection (PC5), in the one or more
second communication apparatus (RX1, RX2, RX3) in a first or a second operating
mode, respectively, wherein, in the first operating mode, the electronic components of
the one or more second communication apparatus (RX1, RX2, RX3) are powered and
operative to receive wireless transmissions over the second communication
connection (PC5) and wherein, in the second operating mode, the electronic
components of the one or more second communication apparatus (RX1, RX2, RX3)
are not powered or are put in a low-power mode and are not operative to receive
wireless transmissions over the second communication connection (PC5),
characterized in that the method comprises:

- determining (104), if one or more second communication apparatus (RX1, RX2,
RX3) did not receive one or more control information items previously transmitted via
the second communication connection (PC5) and, in the positive case, transmitting
(106) a corresponding indication, via the first communication connection (Uu), to the
base station (gNB) of the radio access network.

2. The method (100) of claim 1, wherein determining (102) comprises measuring
and evaluating a signal quality of the second communication connection (PC5) and/or
evaluating hybrid automatic repeat request feedback on the second communication

connection (PC5).
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3. The method (100) of claim 1 or 2, wherein transmitting (104) the indication, via
the first communication connection (Uu), to the base station (JNB) of the radio access
network, comprises transmitting control information items for scheduling or modifying
the operation of electronic components, required for receiving wireless transmissions
over the second communication connection (PC5), in the one or more second
communication apparatus (RX1, RX2, RX3) in the first and the second operating
modes, respectively, and/or comprises transmitting control information destined to
activate and deactivate, respectively, individual carriers used for communicating via
the second communication connection, in response to received control information
items.

4, The method (100) of one or more of claims 1 to 3, wherein the indication and/or
the control information items are transmitted in the MAC sublayer or a physical control

channel of the first wireless connection.

5. First communication apparatus (TX) configured to establish, maintain and
terminate a first wireless communication (Uu) connection with a base station (gNB) of
a radio access network, and further configured to establish, maintain and terminate
second, direct wireless communication connections (PC5) with one or more second
communication apparatus (RX1, RX2, RX3), wherein the first communication
apparatus (TX) is further configured to transmit (102), via the second communication
connection (PC5), control information items (DRX) for scheduling or modifying
operation of electronic components, required for receiving wireless transmissions over
the second communication connection (PC5), in one or more second communication
apparatus (RX1, RX2, RX3) in a first or a second operating mode, respectively,
wherein, in the first operating mode, the electronic components of the one or more
second communication apparatus (RX1, RX2, RX3) are powered and operative to
receive wireless transmissions over the second communication connection (PC5) and
wherein, in the second operating mode, the electronic components of the one or more
second communication apparatus (RX1, RX2, RX3) are not powered or are putin a

low-power mode and are not operative to receive wireless transmissions over the
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second communication connection (PC5),
characterized in that the first communication apparatus (TX) is further configured
to determine (104), if one or more second communication apparatus (RX1, RX2, RX3)
did not receive one or more control information items previously transmitted via the
second communication connection (PC5) and, in the positive case, to transmit (106) a
corresponding indication, via the first communication connection (Uu), to the base
station (gNB) of the radio access network.

6. The first communication apparatus (TX) of claim 5 wherein, for determining
(104) if one or more second communication apparatus (RX1, RX2, RX3) did not
receive one or more control information items previously transmitted via the second
communication connection (PC5), the first communication apparatus (TX) is
configured to measure and evaluate a signal quality of the second communication
connection (PC5) and/or to evaluate hybrid automatic repeat request feedback on the

second communication connection (PC5).

7. The first communication apparatus (TX) of claim 5 or 6, wherein the first
communication apparatus (TX) is configured to transmit (106), via the first
communication connection (Uu) to the base station (gNB) of the radio access network
and along with the indication, control information items for scheduling or modifying the
operation of electronic components, required for receiving wireless transmissions over
the second communication connection (PC5), in the second communication apparatus
(RX1, RX2, RX3) in the first and the second operating modes, respectively, and/or
control information destined to activate and deactivate, respectively, individual carriers
used for communicating via the second communication connection, in response to
received control information items.

8. A method (200) of operating a second communication apparatus (RX1, RX2,
RX3), which is configured to establish, maintain and terminate a first wireless
communication (Uu) connection with a base station (gNB) of a radio access network
and which is further configured to establish, maintain and terminate a second, direct

wireless communication connection (PC5) with a first communication apparatus (TX),
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the method comprising receiving, at the second communication apparatus (RX1, RX2,
RX3) and via the second communication connection (PC5), control information items
for scheduling or modifying operation of electronic components, required for receiving
wireless transmissions over the second communication connection (PC5), in a first or
a second operating mode, respectively, wherein, in the first operating mode, the
electronic components of the second communication apparatus (RX1, RX2, RX3) are
powered and operative to receive wireless transmissions over the second
communication connection (PC5) and wherein, in the second operating mode, the
electronic components of the second communication apparatus (RX1, RX2, RX3) are
not powered or are put in a low-power mode and are not operative to receive wireless
transmissions over the second communication connection (PC5),
characterized in that the method further comprises:
- receiving (202), via the first communication connection (uU), and from a base station
(gNB) of the radio access network, control information items for scheduling or
modifying operation of the electronic components, required for receiving wireless
transmissions over the second communication connection (PC5), in the first or the
second operating mode, respectively, and
- applying (204) the control information items received via the first communication
connection (uU), for operating the electronic components, required for receiving
wireless transmissions over the second communication connection PC5, in an
according operating mode, wherein control information items received via the first
communication connection (Uu) override control information items previously received

via the second communication connection (PC5).

9. The method (200) of claim 8, wherein the control information items received via
the first communication connection (uU) are received in the MAC sublayer orin a
physical control channel.

10.  Second communication apparatus (RX1, RX2, RX3) configured to establish,
maintain and terminate a first wireless communication (Uu) connection with a base
station (gNB) of a radio access network, and further configured to establish, maintain

and terminate second, direct wireless communication connections (PC5) with a first
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communication apparatus (TX), wherein the second communication apparatus (RX1,
RX2, RX3) is further configured to receive, via the second communication connection
(PC5), control information for scheduling operation of electronic components, required
for receiving wireless transmissions over the second communication connection
(PC5), in afirst or a second operating mode, respectively, wherein, in the first
operating mode, the electronic components of the second communication apparatus
(RX1, RX2, RX3) are powered and operative to receive wireless transmissions and
wherein, in the second operating mode, the electronic components of the second
communication apparatus (RX1, RX2, RX3) are not powered or are put in a low-power
mode and are not operative to receive wireless transmissions over the second
communication connection (PC5),
characterized in that the second communication apparatus (RX1, RX2, RX3) is
further configured to receive, via the first communication connection (Uu), and from a
base station (gNB) of the radio access network, control information items for
scheduling operation of the electronic components, required for receiving wireless
transmissions over the second communication connection (PC5), in the first or the
second operating mode, respectively, and to override control information items
previously received via the second communication connection (PC5) with the control

information items received via the first communication connection (Uu).

11.  The second communication apparatus (Rx1, RX2, RX3) of claim 10, further
configured to activate and deactivate, respectively, individual carriers used for
communicating via the second communication connection (PC5), in response to

received control information items.

12. A method (300) of operating a base station (gNB) of a radio access network,
the base station (QNB) being configured to establish, maintain and terminate a first
wireless communication connection (uU) with one or more first and second
communication apparatus (TX, RX1, RX2, RX3) in accordance with any one or more
of claims 5to 7 or 10 to 11, respectively,

characterized in that the method comprises:

- receiving (304), via the first communication connection (Uu) and from a first
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communication apparatus (TX), an indication representing an information that a
second communication connection between the first communication apparatus (TX)
and one or more second communication apparatus (RX1, RX2, RX3) is compromised
or lost, and
- transmitting (306), via the first communication connection (Uu) and to one or more
second communication apparatus (RX1, RX2, RX3), control information items for
scheduling or modifying the operation of electronic components, required for receiving
wireless transmissions from the first communication apparatus (TX) over the second
communication connection (PC5), in the first and the second operating modes,

respectively.

13. The method (300) of claim 12, further comprising establishing and maintaining
(302) a correspondence between identifiers used in first and second communication
apparatus (TX, RX1, RX2, RX3) for communicating via the first communication
connection (uU) and identifiers used in first and second communication apparatus
(TX, RX1, RX2, RX3) for communicating via the second communication connection
(PC5).

14. The method (300) of claim 12 or 13, wherein the control information items
comprise an identification of one or more carriers in the second communication
connection (PC5), which are to be activated or deactivated.

15. A base station (gNB) of a radio access network comprising one or more
microprocessors (502), volatile and non-volatile memory (504, 506), and receiver and
transmitter means (508), which are communicatively connected via at least one data
connection or bus (512), wherein the non-volatile memory (506) comprises computer
program instructions which, when executed by the one or more microprocessors (502)
control the receiver and transmitter means (508) to establish, maintain and terminate
first communication connections (uU) with one or more first and second
communication apparatus (TX, RX1, RX2, RX3) in accordance with one or more of
claims 5 to 7 and 10 to 11, respectively, wherein the non-volatile memory (506) further

stores computer program instructions which, when executed by the one or more
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microprocessors (502), configure the base station (QNB) to implement and execute the

method of one of claims 12 to 14.

16.  The base station (QNB) of claim 15, wherein the base station (gNB) is
configured to establish, maintain, and terminate a first wireless communication (uU)

connection in accordance with 3GPP 5G and/or 6G standards.

17. A method of enabling communication between a first communication apparatus
(TX) in accordance with one or more of claims 5 to 7 and one or more second
communication apparatus (RX1, RX2, RX3) in accordance with one or more of claims
10 to 11, via a second communication connection (PC5), wherein the first
communication apparatus (TX) and the one or more second communication apparatus
(RX1, RX2, RX3) are further configured to communicate with a base station (gNB) of a
radio access network via a first communication connection, the method comprising:

- the first communication apparatus (TX) determining (104), if one or more second
communication apparatus (RX1, RX2, RX3) did not receive one or more control
information items previously transmitted (102) via the second communication
connection (PC5) and, in the positive case, transmitting (106) a corresponding
indication, via the first communication connection (Uu), to the base station (QNB) of
the radio access network,

- the base station (gNB) receiving (304), via the first communication connection (Uu)
and from the first communication apparatus (TX), the indication representing an
information that a second communication connection between the first communication
apparatus (TX) and one or more second communication apparatus (RX1, RX2, RX3)
is compromised or lost, and transmitting (306), via the first communication connection
(Uu) and to one or more second communication apparatus (RX1, RX2, RX3), control
information items for scheduling or modifying the operation of electronic components,
required for receiving wireless transmissions from the first communication apparatus
(TX) over the second communication connection (PC5), in the first and the second
operating modes, respectively, and

- the one or more second communication apparatus (RX1, RX2, RX3) receiving (202),

via the first communication connection (uU), and from the base station (gNB) of the
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radio access network, the control information items for scheduling or modifying
operation of the electronic components, required for receiving wireless transmissions
over the second communication connection (PC5), in the first or the second operating
mode, respectively, and applying (204) the control information items received via the
first communication connection (uU), for operating the electronic components,
required for receiving wireless transmissions over the second communication
connection PC5, in an according operating mode, wherein control information items
received via the first communication connection (Uu) override control information

items previously received via the second communication connection (PC5).

18. A computer program product comprising computer program instructions which,
when executed by a microprocessor, cause the microprocessor and/or control
hardware components of first communication apparatus (TX) in accordance with one
of claims 5 to 7, of a second communication apparatus (RX1, RX2, RX3) in
accordance with one of claims 10 to 11, or of a base station (gNB) in accordance with
one of claims 15 to 16, respectively, to execute the method (100, 200, 300) of one or
more of claims 110 4, 810 9, or 12 to 14, respectively.

19. A computer readable medium or data carrier retrievably transmitting or storing

the computer program product of claim 18.

20.  Vehicle or road-side unit having a communication device (TX, RX) configured to
execute the method according to one or more of claims 1 to 4 and/or configured to

execute the method according to one or more of claims 8 to 9.
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