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(57) ABSTRACT

A first terminal of a radio communications network. The first
terminal includes at least one processor, at least one memory
with computer program code, and at least one communica-
tion module and at least one antenna. The computer program
code is configured in such a way that, using the processor,
the communication module, and the antenna, it causes the
first terminal to send first messages on a first radio resource
to a group of further terminals, to receive at least one
response, after sending the particular first message, from at
least one of the further terminals of the group, to ascertain
a resource change decision as a function of the at least one
response, and to send second messages as a function of the
resource change decision on a second radio resource to the
group of further terminals, the second radio resource being
different from the first radio resource.
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FIRST TERMINAL, METHOD FOR
OPERATING THE FIRST TERMINAL,
SECOND TERMINAL, AND METHOD FOR
OPERATING THE SECOND TERMINAL

FIELD

[0001] The present invention relates to a first terminal, a
method for operating the first terminal, a second terminal,
and a method for operating the second terminal.

SUMMARY

[0002] An object of the present invention may be achieved
by a first terminal, by a method for operating the first
terminal, by a second terminal, and by a method for oper-
ating the second terminal, an accordance with example
embodiments of the present invention.

[0003] According to a first aspect of present invention, a
first terminal of a radio communications network is pro-
vided. In accordance with an example embodiment of the
present invention, the first terminal includes at least one
processor, at least one memory with computer program
code, and at least one communication module and at least
one antenna, the computer program code being configured in
such a way that, using the at least one processor, the at least
one communication module, and the antenna, it causes the
first terminal to send first messages on a first radio resource
to a group of further terminals, to receive at least one
response, after sending the particular first message, from at
least one of the further terminals of the group, to ascertain
a resource change decision as a function of the at least one
response, and to send second messages as a function of the
resource change decision on a second radio resource to the
group of further terminals, the second radio resource being
different from the first radio resource.

[0004] For the first terminal, it is possible, based on the
received responses, to decide whether the radio resource that
is utilized for a broadcast message or multicast message, and
that has been assigned continuously or semicontinuously, is
maintained or changed. Due to making the resource change
decision, the first terminal changes to the second radio
resource, thus primarily avoiding consecutive collisions and
ensuring as quickly as possible a high receipt rate of the sent
messages. A response to occurring collisions is thus made
rapidly, and at the same time a distributed collision avoid-
ance strategy is provided which manages without a central
scheduling unit such as a base station.

[0005] Applications in which the loss of individual mes-
sages is acceptable, but the loss of multiple successive
messages is problematic, benefit from the provided decen-
tralized collision avoidance strategy. One example of such
applications is so-called platooning, in which, for example,
trucks traveling in a line communicate with one another and
coordinate acceleration and braking operations with one
another.

[0006] One advantageous specific embodiment is charac-
terized in that the first terminal receives a first number of
responses after sending the particular message, ascertains a
second number of terminals of the group, compares the first
number of responses to the second number of terminals in
the group, and ascertains the resource change decision based
on the comparison. When responses cease, i.c., there is a
reduction, in the sense of receipt acknowledgments, in the
first number in comparison to the second number of group-
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associated terminals, the first terminal assumes, for example,
an increased collision rate and changes the radio resource
used in order to mitigate this situation. The number of
terminals of the group is advantageously utilized to improve
the collision response by the first terminal in the sense of the
resource change decision, and thus to improve the spectral
efficiency.

[0007] In accordance with one advantageous specific
embodiment of the present invention, the first terminal
receives a first number of responses after sending the
particular message, ascertains a second number of terminals
of the group, ascertains a third number by multiplying the
first number by a scaling factor, compares the third number
to the second number of terminals of the group, and ascer-
tains the resource change decision based on the comparison.
It is advantageous that only one subset of the terminals of the
group sends a response. This number is determined by the
scaling factor. Based on the number of received responses
and the scaling factor, the first terminal then computes the
number of terminals that would acknowledge a receipt/
nonreceipt. The number of sent responses decreases due to
the scaling factor, as the result of which the spectral effi-
ciency in the provided collision avoidance strategy
increases.

[0008] In accordance with one advantageous specific
embodiment of the present invention, the response is a
negative receipt acknowledgment. The advantage of the
negative receipt acknowledgment is that, when it is assumed
that a large number of the involved terminals correctly
receives the sent messages, a smaller number of terminals
sends a response to the message. The smaller portion of the
terminals that confirm the nonreceipt with the negative
receipt acknowledgment then generate a smaller data vol-
ume on the radio channel, which increases the spectral
efficiency.

[0009] In accordance with one advantageous specific
embodiment of the present invention, the response includes
a resource indicator that uniquely identifies the radio
resource in question. The resource indicator may thus
include, for example, a time stamp or an identifier of the first
radio resource. The resource indicator thus allows the first
terminal to make an unambiguous, simple association of the
received response with the radio resource, as the result of
which the ascertainment of the resource change decision is
simplified. The collision recognition is improved.

[0010] In accordance with one advantageous specific
embodiment of the present invention, the first terminal
receives positive receipt acknowledgments as a response to
the particular sent message, receives negative receipt
acknowledgments as a response to the particular sent mes-
sage, ascertains a collision indicator as a function of the
number of positive receipt acknowledgments and as a func-
tion of the number of negative receipt acknowledgments,
and ascertains the resource change decision based on the
comparison of the collision indicator to a collision threshold
value. The collision indicator advantageously provides reli-
able information concerning the penetration rate of the sent
message in the group of further terminals. The recognition
accuracy of collisions increases, thus also improving the
corrective measures in the sense of the change of the radio
resource.

[0011] In accordance with one advantageous specific
embodiment of the present invention, the first terminal
receives at least one piece of movement and/or position
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information from terminals with the aid of a further mes-
sage, ascertains the group of further terminals as a function
of the received movement and/or position information, and
ascertains the resource change decision as a function of
responses of the terminals of the ascertained group. By
taking into account the movement and/or position informa-
tion, only those further terminals of the group, in the sense
of a subset of the terminals that are directly accessible via
radio, which also actually utilize same are advantageously
considered when changing a radio resource. The further
terminals, which potentially undergo collisions only briefly,
are advantageously masked when ascertaining the resource
change decision.

[0012] For example, vehicles traveling on an expressway
in the opposite lane benefit less from a change of the radio
resource than vehicles that have the same travel direction. As
a result, the movement information in the sense of a travel
direction offers advantages in making the resource change
decision.

[0013] Likewise, further terminals situated a long distance
away may be ignored, thus increasing the relevance of the
further terminals, situated closer to the first terminal, in the
resource change decision. In addition, the repeat interval of
the utilized radio resource may be shortened for sending
messages, since only collisions for a subgroup of the further
terminals are now to be monitored and resolved.

[0014] In accordance with one advantageous specific
embodiment of the present invention, the first terminal
ascertains the scaling factor as a function of the number of
further terminals of the group. By taking into account the
number of terminals in the group, the scaling factor advan-
tageously considers the scaling network load with the num-
ber of terminals. As a result, the number of responses may
be set to be inversely proportional to the network load with
the aid of the scaling factor, so that the distributed collision
avoidance strategy is maintained even under increased load
on the radio channel. It is thus possible for the first terminal
to decide, based on the received responses, whether the
utilized radio resource is maintained or changed. At the same
time, the decentralized collision recognition and resolution
may be utilized even under increasing network load.
[0015] In accordance with one advantageous specific
embodiment of the present invention, the first terminal
receives a first number of responses, after sending the
particular message that is sent on the first radio resource,
from terminals of the group, receives a second number of
responses, after sending the particular message that is sent
on the second radio resource, from terminals of the group,
ascertains a further resource change decision when an abso-
lute difference of the first and second number of responses
exceeds a threshold value, and sends, as a function of the
resource change decision, further messages on a third radio
resource to the group of further terminals, the third radio
resource being different from the first and second radio
resources. An option is thus provided that the first terminal
triggers a new change of the radio resource immediately
upon a change of the radio resource and the receipt of
responses. Thus, a radio resource having preferably few
collisions is found as quickly as possible in a decentralized
manner.

[0016] In accordance with one advantageous specific
embodiment of the present invention, the messages, in
particular the first, second, and third messages, as well as the
further message, are Cooperative Awareness Messages
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(CAM), in particular according to ETSI TS 102 637-2
V1.2.1 (2011-03), and/or Decentralized Environmental
Notification Messages (DENM), in particular according to
ETSI TS 102 637-3 V1.1.1 (2010-09).

[0017] A second aspect of the present invention provides
a method for operating a first terminal of a radio commu-
nications network. In accordance with an example embodi-
ment of the present invention, the method includes: sending
first messages on a first radio resource to a group of further
terminals, receiving at least one response, after sending the
particular first message, from at least one of the further
terminals of the group, ascertaining a resource change
decision as a function of the at least one response, and
sending second messages, as a function of the resource
change decision, on a second radio resource to the group of
further terminals, the second radio resource being different
from the first radio resource.

[0018] A third aspect of the present invention relates to a
second terminal of a radio communications network. In
accordance with an example embodiment of the present
invention, the second terminal includes at least one proces-
sor, at least one memory with computer program code, and
at least one communication module and at least one antenna,
the computer program code being configured in such a way
that, using the at least one processor, the at least one
communication module, and the antenna, it causes the
second terminal to receive first messages from a first termi-
nal on a first radio resource, to ascertain a response as a
function of a successful or unsuccessful decoding of the
particular first message, to send the response to the first
terminal, and to receive second messages from the first
terminal on a second radio resource, the second radio
resource being different from the first radio resource.
[0019] In accordance with one advantageous specific
embodiment of the present invention, the second terminal
ascertains a random number between two values, compares
the random number to a threshold value, and sends the
response to the first terminal based on the comparison.
[0020] In accordance with one advantageous specific
embodiment of the present invention, the second terminal
sends the response to the first terminal only when the
ascertained random number is less than or equal to the
threshold value, the threshold value being a reciprocal value
of a scaling factor.

[0021] In accordance with one advantageous specific
embodiment, the second terminal receives at least one piece
of movement and/or position information from further ter-
minals with the aid of a further message, and ascertains the
scaling factor as a function of the number of further termi-
nals. By taking into account the number of terminals, the
scaling factor advantageously considers the scaling network
load with the number of terminals. As a result, the number
of responses may be set to be inversely proportional to the
network load with the aid of the scaling factor, so that the
distributed collision recognition and avoidance strategy is
maintained even under increased load on the radio channel.
It is thus possible for the first terminal to decide, based on
the received responses, whether the utilized radio resource is
maintained or changed. At the same time, the decentralized
collision recognition and resolution may be utilized even
under increasing network load.

[0022] In accordance with one advantageous specific
embodiment, a reception power is ascertained during the
receipt of the first message, and the response is ascertained
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as a function of the reception power and as a function of the
successful or unsuccessful decoding of the particular first
message. The range of the sending of the first message is
thus advantageously taken into account in ascertaining the
response.

[0023] In accordance with one advantageous specific
embodiment of the present invention, the response is a
negative receipt acknowledgment. The advantage of the
negative receipt acknowledgment is that when it is assumed
that a large number of the involved terminals correctly
receives the sent messages, a smaller number of terminals
sends a response to the message. The smaller portion of the
terminals that confirm the nonreceipt with the negative
receipt acknowledgment then generate a smaller data vol-
ume on the radio channel, which increases the spectral
efficiency.

[0024] In accordance with one advantageous specific
embodiment of the present invention, the response includes
a resource indicator that uniquely identifies the radio
resource in question. The resource indicator may thus
include, for example, a time stamp or an identifier of the first
radio resource. The resource indicator thus allows the first
terminal to make an unambiguous and simple association of
the received responses, thus simplifying the ascertainment
of the resource change decision. Computing time is saved,
and at the same time the collision recognition is improved.
[0025] In accordance with one advantageous specific
embodiment of the present invention, the messages, in
particular the first and second messages as well as the further
message, are Cooperative Awareness Messages (CAM), in
particular according to ETSI TS 102 637-2 V1.2.1 (2011-
03), and/or Decentralized Environmental Notification Mes-
sages (DENM), in particular according to ETSI TS 102
637-3 V1.1.1 (2010-09).

[0026] A fourth aspect of the present invention relates to
a method for operating a second terminal of a radio com-
munications network. In accordance with an example
embodiment of the present invention, the method includes:
receiving first messages from a first terminal on a first radio
resource, ascertaining a response as a function of a success-
ful or unsuccesstul decoding of the particular first message,
sending the response to the first terminal, and receiving
second messages from the first terminal on a second radio
resource, the second radio resource being different from the
first radio resource.

[0027] Further features and advantages are apparent from
the following description of exemplary embodiments and
the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 shows a schematically illustrated radio
communications network in accordance with an example
embodiment of the present invention.

[0029] FIG. 2 shows a schematically illustrated terminal in
accordance with an example embodiment of the present
invention.

[0030] FIGS. 3, 4, 8, and 11 each show a schematically
illustrated flow chart in accordance with example embodi-
ments of the present invention.

[0031] FIGS.5,6,7,9,10, and 12 each show a schemati-
cally illustrated sequence diagram in accordance with
example embodiments of the present invention.
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DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0032] FIG. 1 shows a schematic illustration of a radio
communications network 2. Terminals A through L are
situated on/in a particular vehicle or a roadside infrastruc-
ture, for example. Terminals A through L. are configured, for
example, according to the IEEE standard “802.11p-2010—
IEEE Standard for Information Technology—I.ocal and
Metropolitan Area Networks—Specific Part 11: Wireless
LAN Medium Access Control (MAC) and Physical Layer
(PHY) Specifications Amendment 6: Wireless Access in
Vehicular Environments,” which is incorporated by refer-
ence. IEEE 802.11p is a standard for expanding the IEEE
802.11 WLAN standard. The objective of IEEE 802.11p is
to establish radio technology in passenger vehicles and
provide a reliable interface for Intelligent Transport Systems
(ITSs) applications. IEEE 802.11p is also the basis for
Dedicated Short Range Communication (DSRC) in the
range of 5.85 to 5.925 GHz. In another example, terminals
A through L are configured according to the LTE-V2X
standard, in particular according to 3GPP TS 36.300 V14.2.0
(2017-03), in which terminals A through [. communicate
directly with one another via a sidelink channel. In radio
communications network 2, data that are not specified or
scheduled by a central unit are transmitted between termi-
nals A through [ via a radio resource. In the example shown,
terminals A and J use this radio resource to send messages
to a particular group of terminals. Terminal A sends its
message to the group of terminals B, C, D, E, F, and G,
which are situated within a radio distance 4A of terminal A.
Terminal J sends its message to the group of terminals B, G,
H, and K, but not to terminal L, all of which are situated
within a radio distance 4] of terminal J. As a result, either all
or a subset of the directly accessible terminals are addressed
with the sent messages in the sense of a broadcast or
multicast. Terminals B and G are each situated within both
radio distances 4A and 4J, and are also part of the respective
groups addressed by the messages. Simultaneous sending of
messages results in a collision at terminals B and G.
[0033] FIG. 2 schematically shows a terminal 200. Ter-
minal 200 includes a processor 202, a communication mod-
ule 204, an antenna 205, and a memory 206. Memory 206
is provided with a computer program code 208 that is
configured in such a way that, using the at least one
processor 202, the at least one communication module 204,
and the at least one antenna 205, it carries out the steps
described in the present specification. Terminals A through
L from FIG. 1 are designed according to terminal 200, for
example.

[0034] FIG. 3 shows a schematic flow chart for operating
a first terminal A, J from FIG. 1. The first terminal sends first
messages on a first radio resource to a group of further
terminals according to a step 302. The first terminal receives
at least one response, after sending the particular first
message, from at least one of the further terminals of the
group according to a step 304. The first terminal ascertains
a resource change decision as a function of the at least one
response according to a step 306. The first terminal sends
second messages, as a function of the resource change
decision, on a second radio resource to the group of further
terminals according to a step 308.

[0035] The first and the second radio resource are, for
example, scheduled independently by each terminal A, J,
resulting in distributed scheduling, with no central unit
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determining the allocation of the radio resources. The first
radio resource is used during a first time period. The second
radio resource is used during a second time period. The radio
resources are thus scheduled in a decentralized manner,
semicontinuously or continuously.

[0036] A particular one of the radio resources used is
characterized by a periodically recurring use of at least one
time-frequency resource, which may also be referred to as a
resource block. Different radio resources differ, for example,
by a different periodicity and/or by a distance of the par-
ticular time-frequency resource used, and/or by a subchan-
nel used, and/or a modulation and coding scheme (MCS).
[0037] In accordance with one example, the first terminal
monitors available radio resources. The first terminal counts
changes of radio resources by further terminals, the changes
being carried out, for example, by the respective other
terminal based on one of the described methods. As soon as
the number of changes per unit time exceeds a threshold
value, the first terminal will refrain from changing the radio
resource, even though it has ascertained a resource change
decision. This results in advantages under high channel load,
since the likelihood of collisions increases due to too fre-
quent changes of the radio resources.

[0038] FIG. 4 shows a schematic flow chart for operating
a second terminal C, D, E, B, G, F, H, K from FIG. 1. The
second terminal receives first messages from a first terminal
on the first radio resource according to a step 402. The
second terminal ascertains a response as a function of a
successful or unsuccessful decoding of the particular first
message according to a step 404. The second terminal sends
the response to the first terminal according to a step 406. The
second terminal receives second messages from the first
terminal on the second radio resource according to a step
408. The first and second radio resources are characterized,
for example, by a respectively associated time-frequency
resource that is periodically utilized in each case.

[0039] The first and second radio resources used are either
negotiated among the terminals or determined by an indi-
vidual terminal itself. A further central unit such as a base
station is not present, so that the communication between the
terminals is coordinated by the terminals themselves.
[0040] FIG. 5 shows a schematic sequence diagram. Ter-
minal J ascertains a first message N1 in step 502 and sends
it via a first radio resource R1 in particular to terminals K,
G, and B. Terminals G and B do not receive first message
N1, or are not able to successtully decode it. In contrast,
terminal K receives message N1 and ascertains a response
Al in the sense of a successful receipt acknowledgment in
step 504 in order to forward the message to terminal J. If it
is assumed in the example in FIG. 5 that terminals K, G, and
B belong to the group of terminals that are addressed by
message N1, the number of three terminals and the first
number of a single response are compared to one another by
terminal J in a step 506. The number may also include zero
responses. Thus, it is determined in step 506 that a number
of three terminals K, G, B should have received message N1,
but only one of the terminals, namely, terminal K, has
actually received the message. Thus, terminal J may assume
in step 506 that the collisions have taken place upon receipt
of message N1 at terminals G and B. As a result, the resource
change decision is ascertained based on the comparison
carried out in step 506. In a step 508, the resource change
decision results in a second radio resource R2 that is
different from first radio resource R1 being selected for a

Jun. 3, 2021

second message N2, in order to send second message N2 via
the second radio resource to terminals K, G, B. A response
A2, A3, A4 is ascertained in a respective step 510, 512, 514
and subsequently forwarded to terminal J. The number of
terminals belonging to the group is ascertained by terminal
J as a function of received position messages, for example,
and entered into a corresponding list. In FIG. 5, for example
only positive receipt acknowledgments ACKs are sent.

[0041] The particular responses Al, A2, etc., may be
transmitted either as separate messages or packaged in
another message. This applies for the entire present descrip-
tion. The particular responses Al, A2, etc., include at least
one of the following pieces of information: positive receipt
acknowledgment or negative receipt acknowledgment;
sender of the message for which the particular response Al,
A2 is ascertained and sent; a time stamp that identifies a
point in time of receiving the associated message; an iden-
tification of the radio resources used for the message.

[0042] FIG. 6 shows a schematic sequence diagram. The
two terminals J and A attempt to transmit a respective
message N1, N5 on resource R1 to terminal G at the same
point in time. Terminal G ascertains a respective negative
receipt acknowledgment A5, A6 in a step 602 and forwards
this negative receipt acknowledgment A5, A6 to respective
terminal J, A. Of course, it is also possible for only a single
negative receipt acknowledgment to be sent, which is indi-
cated by terminals J, A or the radio resource used.

[0043] The particular terminal J, A estimates in a respec-
tive step 604, 606, based on respective response A5, A6, that
a collision has taken place during the transmission of
messages N1, N5. Accordingly, the resource change deci-
sion is made in step 604, 606 to send subsequent messages
N2, N6 on a respective radio resource R2, R3 that is different
from first radio resource R1. Radio resources R3, R2 differ,
for example, in that a different phase is selected, as the result
of which the sending of messages is carried out offset
relative to one another. Radio resources R2, R3 are ran-
domly selected, for example, in steps 604, 606. It is also
possible for the selection of radio resources R2, R3 to be
carried out according to a predetermined scheme in order to
avoid a new collision or to reduce the risk of collision. The
particular messages N2, N6 are successfully received in
steps 608 and 610, respectively. In this example, the suc-
cessful receipt is not reported to terminals J and A; rather,
only an unsuccessful receipt is responded to in the sense of
a negative receipt acknowledgment, with the aid of
responses A5, A6.

[0044] FIG. 7 shows a schematic sequence diagram. In the
example shown, only terminal K receives a message N1,
with the aid of radio resource R1, from node J, which the
node ascertains in a step 706. Terminals G and B ascertain
in steps 702 and 704, respectively, a collision of the data
transmission of message N1 on radio resource R1 with a data
transmission starting from node A. Terminal J receives
corresponding responses A7, A8, and A9, response A7 being
a positive receipt acknowledgment and responses A8 and A9
being negative receipt acknowledgments. Received
responses A7, A8, and A9 are linked together in a step 710
in order to ascertain the resource change decision. Radio
resource R2 is selected in step 712 as a function of the
resource change decision in order to transmit message N2 to
terminals K, G, B. Message N2 is successfully received in
respective step 714, 716, 718 in order to subsequently
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transmit to terminal J corresponding to a particular response
A10, A11, A12 in the sense of a negative receipt acknowl-
edgment.

[0045] FIG. 8 shows a schematic flow chart of step 710
from FIG. 7. Positive receipt acknowledgments as well as
negative receipt acknowledgments are received in a step 802
as a response to a particular sent message. A collision
indicator is ascertained in a step 804 as a function of the
number of positive receipt acknowledgments and as a func-
tion of the number of negative receipt acknowledgment. For
example, the number of positive receipt acknowledgments
may be divided by the number of negative receipt acknowl-
edgments. Alternatively, a relative collision indicator is
formed by dividing the number of positive receipt acknowl-
edgments by the sum of the number of positive receipt
acknowledgments and the number of negative receipt
acknowledgments. The collision indicator is compared to a
collision threshold value in a step 806. If the collision
indicator in one example is a ratio of positive to negative
receipt acknowledgments, the resource change decision is
ascertained in a step 810 when the ratio is below the
collision threshold value of 1, for example, which means
that more than half of the addressed terminals have not
successfully received the messages. However, if the colli-
sion indicator is above or at the collision threshold value, no
resource change decision is ascertained in a step 812 in order
to maintain selected first radio resource R1.

[0046] FIG. 9 shows a schematic sequence diagram. Ter-
minal G ascertains its movement and/or position information
in a step 902 and transmits same to terminal J with the aid
of a further message Nx. Terminal J stores the movement
and/or position information of terminal G in a step 904.
Messages N1 and N11, which originate from a different
terminal J, A, respectively, but are transmitted on same radio
resources R1, collide, which terminal G ascertains in a step
906. The registered collision of message N1 with message
N11 is transmitted to terminal J in the form of a response
A13 as a report on message N1.

[0047] Upon receipt of response Al3, terminal J carries
out a step 908 that includes steps 910 and 912. A distance
between terminals J and G is ascertained in step 910 as a
function of movement and/or position information of termi-
nals J and G. Alternatively or additionally, an identical or
similar movement direction of the two terminals J and G is
ascertained. A group of further terminals that includes ter-
minal G is ascertained by comparing the distance, using a
distance threshold value, and/or by taking the movement
directions of terminals J and G into account. These further
terminals are situated, for example, within a radius around
terminal J according to the distance threshold value, and/or
have the identical or similar movement direction as terminal
I

[0048] If terminal G is classified in step 912 in the group
at which message N1 was determined, the resource change
decisions are ascertained for the entire group of terminals
and thus also for terminal G in step 914 in order to transmit
second message N2 on a second radio resource R2 that is
different from the first radio resource. Terminal G success-
fully receives second message N2 in step 916.

[0049] FIG. 10 shows a schematic sequence diagram.
Terminal J sends message N1 on first radio resource R1. The
distance and/or travel direction in relation to terminal J are/is
ascertained in a step 1020. The distance and/or travel
direction are/is compared to an associated threshold value in
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a step 1022. Based on the comparison, a switch is made to
a step 1002. As a result, if terminal J is too far from terminal
G or if terminal J has an opposite movement direction to that
of terminal G, no response Al is transmitted to terminal J.
[0050] Response Al is randomly ascertained by terminal
G, so that only a number of terminals G receiving message
N1 ascertains a respective response Al, A20. Terminal G
ascertains a random number Z1, Z2 between two predefined
fixed values W1, W2 in step 1002. Ascertained random
number Z1, 72 is compared to a threshold value S. If random
number Z1 is less than threshold value S, message Al is
sent. In contrast, if random number Z2 is greater than or
equal to threshold value S, sending of message A1 does not
take place. The threshold value is, for example, a reciprocal
value of the scaling factor described below, which is ascer-
tained, for example, as a function of the number of terminals
of a group. Of course, the scaling factor may also be set to
a fixed value. Responses Al, A20 may be positive or also
negative receipt acknowledgments.

[0051] If responses Al, A20 are each a negative receipt
acknowledgment, steps 1020 and 1022 may be omitted. In
the event of a collision upon receipt of message N1 and with
a sufficient SINR, terminal G successfully decodes message
N1. Based on the ratio of the measured power to energy,
terminal G determines a high probability of a message
collision, i.e., a simultaneous transmission of data on radio
resource R1. As a result, a second message could not be
decoded. In this case, terminal G sends a negative receipt
acknowledgment to the terminal whose message could be
decoded. To prevent future collisions, terminal G carries out
steps 1020 and 1022 in the event that interferences of further
terminals on same radio resource R1 increase.

[0052] Terminal J receives responses Al and A20, and
ascertains a first number of received responses Al, A20 in a
step 1004 after message N1 is sent. A second number of
terminals of the group is ascertained in a step 1006, with the
aim that the terminals of the group have received message
N1. A third number is ascertained in a step 1008 by
multiplying the first number by the scaling factor, so that the
number of terminals is estimated that would have sent a
response similar to responses Al, A20, but did not carry this
out due to step 1002.

[0053] The third number and the second number are
compared to one another in a step 1010. In the case of
negative receipt acknowledgments, if a quotient that results
from dividing the third number by the second number is
above a threshold value, the resource change decision is
ascertained in a step 1012 in order to change from previously
used radio resource R1 to second radio resource R2 in a step
1014. However, if the above-mentioned quotient in the case
of negative receipt acknowledgments is below the threshold
value, no resource change decision is ascertained in a step
1016, and terminal J continues to use radio resource R1.
[0054] Inanother example, if in the case of positive receipt
acknowledgments the quotient ascertained as in the preced-
ing paragraph is below a threshold value, the resource
change decision is ascertained. If the quotient is above the
threshold value, terminal J continues to use radio resource
R1.

[0055] FIG. 11 shows a schematic flow chart. A first
number of responses after sending the particular message
that is sent on the first radio resource is received by terminals
of the group in a step 1102. A second number of responses
after sending the particular message that is sent on the
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second radio resource is received by terminals of the group
in a step 1104. A further resource change decision is ascer-
tained in a step 1106 when the absolute difference of the first
and second number of responses exceeds a threshold value.
Further messages are sent, as a function of the resource
change decision, on a third radio resource to the group of
further terminals in a step 1108, the third radio resource
being different from the first and second radio resources.
Thus, if it is recognized that the second radio resource is
severely affected by collisions, a switch to the third radio
resource is immediately made. This switch between the
radio resources results in a rapid reduction in collisions.
FIG. 12 shows a schematic sequence diagram. Terminal G
ascertains a reception power in a step 1202. Of course, as an
alternative to the reception power, some other variable such
as the received energy, i.e., the received power integrated
over time, may be compared to a corresponding threshold
value in step 1204. A check is made in a step 1204 whether
the reception power is above a threshold value, i.e., whether
the reception power was sufficiently high upon receipt of
message N1. If this is the case, terminal G attempts to
decode message N1 in a step 1206. If it is determined in a
step 1208 that the decoding was successful, response Al to
the receipt of message N1 is ascertained and sent in a step
1210. As a result, response Al is ascertained as a function of
the reception power and as a function of the successful or
unsuccessful decoding of particular first message N1.
[0056] Evaluating the reception power is not used just for
taking the range of the first message into account in the
response. Rather, this additional parameter allows a distinc-
tion to be made at all between a collision and a signal-to-
interference-plus-noise ratio (SINR) that is too low for
successful decoding, and that is due to natural background
noise, for example. Without evaluating the reception power,
second terminals that do not successfully decode the mes-
sage of the first terminal due solely to background noise may
send corresponding negative responses, for example,
although no “conventional” collision has occurred. Depend-
ing on the nature of the receiver of the first terminal or the
transmission parameters of the message, the first terminal
may then correctly receive the negative response and change
to a second radio resource, with the second radio resource
also providing no improvement in the transmission quality,
for example due to the fact that background noise has the
same effect on all radio resources. The first terminal would
thus change the radio resources continuously, thus nullifying
the basic advantages of the lower likelihood of collisions for
(semi)continuous scheduling, which would be counterpro-
ductive.

1-20. (canceled)
21. A first terminal of a radio communications network,
the first terminal comprising:

at least one processor;

at least one memory with computer program code;

at least one communication module; and

at least one antenna;

wherein the computer program code being configured in
such a way that, using the at least one processor, the at
least one communication module, and the at least one
antenna, the computer program code causes the first
terminal to:
send first messages on a first radio resource to a group

of further terminals,
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receive at least one response, after sending the first
messages, from at least one of the further terminals
of the group,
ascertain a resource change decision as a function of
the at least one response, and
send second messages as a function of the resource
change decision on a second radio resource to the
group of further terminals, the second radio resource
being different from the first radio resource.
22. The first terminal as recited in claim 21, wherein the
first terminal is configured to:
receive a first number of responses after sending the first
messages;
ascertain a second number of terminals in the group;
compare the first number of responses to the second
number of terminals in the group; and
ascertain the resource change decision based on the
comparison.
23. The first terminal as recited in claim 21, wherein the
first terminal is configured to:
receive a first number of responses after sending the first
messages;
ascertain a second number of terminals of the group;
ascertain a third number by multiplying the first number
by a scaling factor;
compare the third number to the second number of
terminals of the group; and
ascertain the resource change decision based on the
comparison.
24. The first terminal as recited in claim 21, wherein the
at least one response is a negative receipt acknowledgment.
25. The first terminal as recited in claim 21, wherein the
at least one response includes a resource indicator that
uniquely identifies the first radio resource.
26. The first terminal as recited in claim 21, wherein the
first terminal is configured to:
receive positive receipt acknowledgments as a response to
at least one of the sent first messages;
receive negative receipt acknowledgments as a response
to the at least one of the sent first messages;
ascertain a collision indicator as a function of a number of
the positive receipt acknowledgments and as a function
of a number of the negative receipt acknowledgments;
and
ascertain the resource change decision based on a com-
parison of the collision indicator to a collision threshold
value.
27. The first terminal as recited in claim 21, wherein the
first terminal is configured to:
receive at least one piece of movement and/or position
information from terminals using a further message;
ascertain the group of further terminals as a function of
the received movement and/or position information;
and
ascertain the resource change decision as a function of
responses of the terminals of the ascertained group.
28. The first terminal as recited in claim 23, wherein the
first terminal is configured to ascertain the scaling factor as
a function of a number of further terminals of the group.
29. The first terminal as recited in claim 21, wherein the
first terminal is configured to:
receive a first number of responses, after sending the first
messages on the first radio resource, from terminals of
the group;



US 2021/0167933 Al

receive a second number of responses, after sending the
second messages on the second radio resource, from
terminals of the group;

ascertain a further resource change decision when an

absolute difference of the first number of responses and
second number of responses exceeds a threshold value;
and

send, as a function of the further resource change deci-

sion, further messages on a third radio resource to the
group of further terminals, the third radio resource
being different from the first radio resource and the
second radio resource.

30. The first terminal as recited in claim 21, wherein the
first messages and the second messages are Cooperative
Awareness Messages (CAM) according to ETSI TS 102
637-2 V1.2.1 (2011-03), and/or Decentralized Environmen-
tal Notification Messages (DENM) according to ETSI TS
102 637-3 V1.1.1 (2010-09).

31. A method for operating a first terminal of a radio
communications network, the method comprising the fol-
lowing steps:

sending first messages on a first radio resource to a group

of further terminals;

receiving at least one response, after sending the first

messages, from at least one of the further terminals of
the group;

ascertaining a resource change decision as a function of

the at least one response; and

sending second messages, as a function of the resource

change decision, on a second radio resource to the
group of further terminals, the second radio resource
being different from the first radio resource.

32. A second terminal of a radio communications net-
work, the second terminal comprising:

at least one processor;

at least one memory with computer program code; and

at least one communication module; and

at least one antenna;

wherein the computer program code is configured in such

a way that, using the at least one processor, the at least

one communication module, and the at least one

antenna, the computer program code causes the second

terminal to:

receive a first message from a first terminal on a first
radio resource;

ascertain a response as a function of a successful or
unsuccessful decoding of the first message;

send the response to the first terminal; and

receive a second message from the first terminal on a
second radio resource, the second radio resource
being different from the first radio resource.
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33. The second terminal as recited in claim 32, wherein
the second terminal is configured to:

ascertain a random number between two values;

compare the random number to a threshold value; and

sends the response to the first terminal based on the
comparison.

34. The second terminal as recited in claim 33, wherein
the second terminal is configured to send the response to the
first terminal only when the ascertained random number is
less than or equal to the threshold value, the threshold value
being a reciprocal value of a scaling factor.

35. The second terminal as recited in claim 34, wherein
the second terminal is configured to:

receive at least one piece of movement and/or position

information from further terminals using a further
message; and

ascertain the scaling factor as a function of a number of

the further terminals.

36. The second terminal as recited in claim 32, wherein
the second terminal is configured to:

ascertain a reception power during the receipt of the first

message; and

ascertains the response as a function of the reception

power and as a function of the successful or unsuc-
cessful decoding of the first message.

37. The second terminal as recited in claim 32, wherein
the response is a negative receipt acknowledgment.

38. The second terminal as recited in claim 32, wherein
the response includes a resource indicator that uniquely
identifies the first radio resource.

39. The second terminal as recited in claim 32, wherein
the first message and the second message are Cooperative
Awareness Messages (CAM) according to ETSI TS 102
637-2 V1.2.1 (2011-03), and/or Decentralized Environmen-
tal Notification Messages (DENM) according to ETSI TS
102 637-3 V1.1.1 (2010-09).

40. A method for operating a second terminal of a radio
communications network, the method comprising the fol-
lowing steps:

receiving a first message from a first terminal on a first

radio resource;

ascertaining a response as a function of a successful or

unsuccessful decoding of the first message;

sending the response to the first terminal; and

receiving a second message from the first terminal on a

second radio resource, the second radio resource being
different from the first radio resource.
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