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ENHANCED QUALITY OF SERVICE FOR
V2X

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of copending
International Application No. PCT/EP2019/057920, filed
Mar. 28, 2019, which is incorporated herein by reference in
its entirety, and additionally claims priority from European
Application No. 18165235.5, filed Mar. 29, 2018, which is
also incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to the field of wireless
communication networks, and more specifically, to concepts
for transmitting data for ultra-reliable low latency commu-
nications (URLLC). Some embodiments relate to an
enhanced quality of service for V2X.

[0003] FIG. 1 is a schematic representation of an example
of a wireless network 100 including a core network 102 and
a radio access network 104. The radio access network 104
may include a plurality of base stations gNB, to gNBj, each
serving a specific area surrounding the base station sche-
matically represented by respective cells 106, to 106,. The
base stations are provided to serve users within a cell. The
term base station (BS) refers to as gNB in 5G networks, eNB
in UMTS/LTE/LTE-A/LTE-A Pro, or just BS in other
mobile communication standards. A user may be a stationary
device or a mobile device. Further, the wireless communi-
cation system may be accessed by mobile or stationary loT
devices which connect to a base station or to a user. The
mobile devices or the IoT devices may include physical
devices, ground based vehicles, such as robots or cars, aerial
vehicles, such as manned or unmanned aerial vehicles
(UAVs), the latter also referred to as drones, buildings and
other items having embedded therein electronics, software,
sensors, actuators, or the like as well as network connectiv-
ity that enable these devices to collect and exchange data
across an existing network infrastructure. FIG. 1 shows an
exemplary view of only five cells, however, the wireless
communication system may include more such cells. FIG. 1
shows two users UE; and UE,, also referred to as user
equipment (UE), that are in cell 106, and that are served by
base station gNB,. Another user UE; is shown in cell 106,
which is served by base station gNB,. The arrows 108, 108,
and 108, schematically represent uplink/downlink connec-
tions for transmitting data from a user UE,, UE, and UE; to
the base stations gNB,, gNB, or for transmitting data from
the base stations gNB,, gNB,, to the users UE,, UE,, UE,.
Users, such as mobile devices (e.g., vehicles comprising
UESs), may further communicate directly with each other in
both, coverage mode (e.g., LTE V2X mode 3; respectively
D2D mode 1 or NR V2X mode 1) and out-of-coverage mode
(e.g., LTE V2X mode 4; respectively D2D mode 2 or NR
V2X mode 2) using the PCS interface (e.g., in case of D2D,
LTE V2X/V2V or NR V2X/V2V), as will be discussed later
on with respect to FIGS. 3 and 4. Further, FIG. 1 shows two
IoT devices 110, and 110, in cell 106,, which may be
stationary or mobile devices. The IoT device 110, accesses
the wireless communication system via the base station
gNB, to receive and transmit data as schematically repre-
sented by arrow 112,. The IoT device 110, accesses the
wireless communication system via the user UE; as is
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schematically represented by arrow 112,. The respective
base station gNB, to gNB; may be connected to the core
network 102, e.g. via the S1 interface, via respective back-
haul links 114, to 114, which are schematically represented
in FIG. 1 by the arrows pointing to “core”. The core network
102 may be connected to one or more external networks.
Further, some or all of the respective base station gNB, to
gNB, may connected, e.g. via the S1 or X2 interface or XN
interface in NR, with each other via respective backhaul
links 116, to 1165, which are schematically represented in
FIG. 1 by the arrows pointing to “gNBs”.

[0004] The wireless network or communication system
depicted in FIG. 1 may be a heterogeneous network having
two distinct overlaid networks, a network of macro cells
with each macro cell including a macro base station, like
base station eNB, to eNB,, and a network of small cell base
stations (not shown in FIG. 1), like femto or pico base
stations.

[0005] For data transmission a physical resource grid may
be used. The physical resource grid may comprise a set of
resource elements to which various physical channels and
physical signals are mapped. For example, the physical
channels may include the physical downlink and uplink
shared channels (PDSCH, PUSCH) carrying user specific
data, also referred to as downlink and uplink payload data,
the physical broadcast channel (PBCH) carrying for
example a master information block (MIB) and a system
information block (SIB), the physical downlink and uplink
control channels (PDCCH, PUCCH) carrying for example
the downlink control information (DCI), etc. For the uplink,
the physical channels may further include the physical
random-access channel (PRACH or RACH) used by UEs for
accessing the network once a UE synchronized and obtained
the MIB and SIB. The physical signals may comprise
reference signals (RS), synchronization signals and the like.
The resource grid may comprise a frame or radioframe
having a certain duration, like 10 milliseconds, in the time
domain and having a given bandwidth in the frequency
domain. The frame may have a certain number of subframes
of a predefined length, e.g., 2 subframes with a length of 1
millisecond. Each subframe may include two slots of 6 or 7
OFDM symbols depending on the cyclic prefix (CP) length.
A frame may also consists of a smaller number of OFDM
symbols, e.g. if utilizing shortened transmission time inter-
vals (sTTI) or a mini-slot/non-slot-based frame structure
comprising of just a few OFDM symbols.

[0006] The wireless communication system may be any
single-tone or multicarrier system using frequency-division
multiplexing, like the orthogonal frequency-division multi-
plexing (OFDM) system, the orthogonal frequency-division
multiple access (OFDMA) system, or any other IFFT-based
signal with or without CP, e.g. DFT-s-OFDM. Other wave-
forms, like non-orthogonal waveforms for multiple access,
e.g. filter-bank multicarrier (FBMC), generalized frequency
division multiplexing (GFDM) or universal filtered multi
carrier (UFMC), may be used. The wireless communication
system may operate, e.g., in accordance with the LTE-
Advanced pro standard or the 5G or NR (New Radio)
standard.

[0007] In the wireless communication network as shown
in FIG. 1 the radio access network 104 may be a heteroge-
neous network including a network of primary cells, each
including a primary base station, also referred to as a macro
base station. Further, a plurality of secondary base stations,
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also referred to as small cell base stations, may be provided
for each of the macro cells. FIG. 2 is a schematic represen-
tation of a cell, like cell 106, in FIG. 1, having two distinct
overlaid networks, the networks comprising a macro cell
network including the macro cell 106,, and a small cell
network. Although FIG. 2 represents only a single macro
cell, it is noted that one or more of the other cells in FIG. 1
may also use the overlaid networks. The small cell network
comprises a plurality of small cell base stations SeNB; to
SeNB; each operating within a respective area 120, to 120,
also referring as the coverage area of the small cell. The
small cell base stations SeNB, to SeNB; may be controlled
by the macro cell base station MeNB, to which the respec-
tive small cell base stations SeNB, to SeNB; are connected
via respective backhaul links 122, to 122,. Rather than
connecting the small cell base stations via the backhaul links
to the macro cell base station, one or more of the small cell
base stations may be coupled to the core network via
respective backhaul links. FIG. 2 further shows a user
equipment UE being served by the macro cell base station
MeNB, as indicated by arrow 124, and by the small cell base
station SeNB,, as indicated schematically by the arrow 124,.

[0008] Inmobile communication networks, for example in
networks like those described above with reference to FIG.
1 and FIG. 2, like a LTE or 5G/NR network, there may be
UESs that communicate directly with each other over one or
more sidelink (SL) channels, e.g., using the PCS5 interface.
UEs that communicate directly with each other over the
sidelink may include vehicles communicating directly with
other vehicles (V2V communication), vehicles communi-
cating with other entities of the wireless communication
network (V2X communication), for example roadside enti-
ties, like traffic lights, traffic signs, pedestrians or network
infrastructure (V2I). Other UEs may not be vehicular related
UEs but may comprise any of the above mentioned devices.
Such devices may also communicate directly with each
other using the sidelink channels (i.e., direct communica-
tion, such as D2D or V2X communication, where V2X
could be seen as special form of D2D, e.g., D2D with
mobility).

[0009] When considering two UEs directly communicat-
ing with each other over the sidelink, both UEs may be
served by the same base station, i.e., both UEs may be within
the coverage area of a base station, like one of the base
stations depicted in FIG. 1. This is referred to as a “in
coverage” scenario. In accordance with other examples, both
UEs that communicate over the sidelink may not be served
by a base station which is referred to as an “out-of-coverage”
scenario. It is noted that “out-of-coverage” does not mean
that the two UEs are not within one of the cells depicted in
FIG. 1 or in FIG. 2, rather, it means that these UEs are not
connected to a base station, for example, they are not in a
RRC connected state. Yet another scenario is called a
“partial coverage” scenario, in accordance with which one of
the two UEs which communicate with each other over the
sidelink, is served by a base station, while the other UE is not
served by the base station. In each of the above-mentioned
scenarios, the UEs and/or the BS should have knowledge
about the resources to be used for the sidelink communica-
tion among the UEs.

[0010] FIG. 3 shows a schematic representation of a
situation in which two UEs directly communicating with
each other are both in coverage of a base station. The base
station gNB has a coverage area that is schematically
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represented by the circle 200 which, basically, corresponds
to the cell schematically represented in FIG. 1 or FIG. 2. The
UEs directly communicating with each other include a first
vehicle 202 and a second vehicle 204 both in the coverage
area 200 of the base station gNB (this also works for any
scenario where the 2 UEs are connected to different gNBs).
Both vehicles 202, 204 are connected to the base station
gNB and, in addition, they are connected directly with each
other over the PCS interface. The scheduling and/or inter-
ference management of the V2V traffic is assisted by the
gNB via control signaling over the Uu interface, which is the
radio interface between the base station and the UEs. The BS
schedules and assigns the resources to be used within a given
resource pool for the V2V communication over the sidelink.
The UE operates in this mode only when in coverage and in
an RRC_CONNECTED state. This configuration is also
referred to as a mode 3 configuration (e.g., for LTE V2X, for
D2D this is referred to as mode 1). For NR V2X (from
release 16 onwards) this is referred to as mode 1.

[0011] FIG. 4 shows a scenario in which the UEs are out
of coverage of a BS, ie., the respective UEs directly
communicating with each other may or may not be con-
nected to a base station (i.e. they also may be physically
within the coverage of a cell of a wireless communication
network and could even be in either RRC_CONNECTED or
RRC_IDLE state). Three vehicles 206, 208 and 210 are
shown directly communicating with each other over a side-
link, e.g., using the PCS5 interfaces. The scheduling and/or
interference management of the V2V traffic is based on
algorithms implemented in the UEs and/or (partially) pre-
configured by the network. This configuration is also
referred to as a mode 4 configuration (e.g., for LTE V2X).
For D2D this is referred to as mode 2. For NR V2X this is
referred to as mode 2.

[0012] As mentioned above, the scenario in FIG. 4 which
is an out-of-coverage scenario does not mean that the
respective mode 4 UEs (e.g., for LTE V2X; respectively
mode 2 for D2D or NR V2X) have to be outside of the
coverage of a base station, rather, it means that the respective
mode 4 UEs are not served by a base station or are not
connected to the base station of the coverage area. Thus,
there may be situations in which, within the coverage area
200 shown in FIG. 3, in addition to the mode 3 UEs 202, 204
(e.g., for LTE V2X; respectively mode 1 for D2D or NR
V2X) also mode 4 UEs 206, 208, 210 (e.g., for LTE V2X;
respectively mode 2 for D2D or NR V2X) are present. Since
the mode 4 UEs 206-210 schedule their resources autono-
mously and are not connected to the network, the base
station is not aware of resources used by the mode 4 UEs
206-210 for the sidelink communication and, likewise, the
mode 4 UEs 206-210 are not aware of resources scheduled
by the base station gNB to the mode 3 UEs 202, 204 for a
sidelink communication. Thus, resource collisions among
the UEs in the respective modes and among mode 4 UEs
may occur.

[0013] In wireless communication networks as described

above with reference to FIG. 1 to FIG. 4, the current (e.g.,
LTE) V2X specification of 3GPP supports 2 modes:

[0014] Mode 3: resource provisioning via eNB. A UE is
connected to an eNB supporting V2X operation and
obtains its resources from the eNB

[0015] Mode 4: autonomous mode/distributed schedul-
ing. A UE is used to detect suitable resources by itself.
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Currently a one-second sensing operation is needed
prior to using any resources for transmission.
[0016] In wireless communication networks, the sidelink
specification of 3GPP for ProSe or D2D (starting from
release 12), supports 2 modes:

[0017] Mode 1: resource provisioning via eNB or a
gNB. A UE is connected to an eNB or a gNB supporting
sidelink configuration and obtains its resources from
the eNB or the gNB.

[0018] Mode 2: A UE is used to detect suitable
resources by itself.

[0019] In wireless communication networks, the NR side-
link V2X specification of 3GPP (starting with release 16)
supports 2 modes:

[0020] Mode 1: resource provisioning via gNB or eNB.
A UE is connected to gNB or eNB supporting sidelink
configuration and obtains its resources from any of
them.

[0021] Mode 2: A UE is used to detect suitable
resources by itself. The UE determines, i.e. BS does not
schedule, SL. transmission resource(s) within SL
resources configured by BS/network or pre-configured
SL resources [13].

[0022] The so-called emergency pool is a special resource
pool that can be used for very limited purposes (e.g. during
handover) by UEs that have no configured resources for
transmission.

[0023] Current 3GPP specifications include the priority
handling based on the PPPP, which includes advantageous
scheduling and selection of PPPP associated resource pools
for data transmission.

[0024] V2X, V2V, D2D, and sidelinks are described in [1,
3, 4]. Grant-free transmission in the sidelinks (transmission
mode 2 for D2D and mode 4 for LTE V2X) is described in
[2, 5]

[0025] Regarding network slicing, it was agreed (RAN2)
that the UE supports currently a maximum of 8 slices in
parallel. However, the network may need to support multiple
e.g. hundreds of slices [7].

[0026] To enhance the reliability, packet duplication is
already foreseen in the specification. The scheme how best
to implement the packet duplication, especially regarding
the new topic resource pool sharing mode 3 (e.g., for LTE
V2X; additionally mode 1 for D2D or mode 1 for NR V2X)
and mode 4 (e.g., for LTE V2X; additionally mode 2 for
D2D or mode 2 NR V2X), is still open.

[0027] Therefore, it is the object of the present invention
to provide a concept for implementing the packet duplica-
tion, especially regarding the new topic resource pool shar-
ing mode 3 and mode 4 for LTE V2X and/or mode 1 and
mode 2 for NR V2X and D2D.

SUMMARY

[0028] An embodiment may have a transceiver for a
wireless communication system, wherein the transceiver is
configured to communicate with at least one other trans-
ceiver of the wireless communication system using sidelink
resource pools of the wireless communication system,
wherein the transceiver is configured to transmit a data
packet on one of the sidelink resource pools of the wireless
communication system to the other transceiver of the wire-
less communication system, wherein the transceiver is con-
figured to, if a PPPR value associated with said data packet
or with data contained in said data packet indicates a high
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reliability, to re-transmit said data packet at least once on
another sidelink resource pool of the sidelink resource pools
of the wireless communication system.

[0029] Another embodiment may have a transceiver for a
wireless communication system, wherein the transceiver is
configured to communicate with at least one other trans-
ceiver of the wireless communication system, wherein the
transceiver is configured to transmit a data packet on a
component carrier to the other transceiver of the wireless
communication system, wherein the transceiver is config-
ured to, if a PPPR value associated with said data packet or
with data contained in said data packet indicates a high
reliability, to re-transmit said data packet at least once on at
least one other component carrier.

[0030] Still another embodiment may have a transceiver
for a wireless communication system, wherein the trans-
ceiver is configured to communicate with at least one other
transceiver of the wireless communication system using
sidelink resource pools of the wireless communication sys-
tem, wherein the transceiver is configured to transmit a data
packet on one of the sidelink resource pools of the wireless
communication system to the other transceiver of the wire-
less communication system, wherein the transceiver is con-
figured to, if a PPPR value associated with said data packet
or with data contained in said data packet indicates a high
reliability, to re-transmit said data packet at least once

[0031] on another sidelink resource pool of the sidelink
resource pools of the wireless communication system,

[0032] or, in case of carrier aggregation, on another
component carriet,

[0033] or on the same resource pool of the sidelink
resource pools of the wireless communication system,
but on different carriers.

[0034] According to another embodiment, a method for
transmitting data packets in a wireless communication sys-
tem between at least two transceivers communicating with
each other using sidelink resource pools of the wireless
communication system may have the steps of: transmitting
a data packet on one of the sidelink resource pools of the
wireless communication system to the other transceiver of
the wireless communication system; and re-transmitting said
data packet at least once on another sidelink resource pool
of' the sidelink resource pools of the wireless communication
system, if a PPPR value associated with said data packet or
with data contained in said data packet indicates a high
reliability.

[0035] According to another embodiment, a method for
transmitting data packets in a wireless communication sys-
tem between at least two transceivers communicating with
each other may have the steps of: transmitting a data packet
on a component carrier from the transceiver to the other
transceiver of the wireless communication system, re-trans-
mitting said data packet at least once on at least one other
component carrier, if a PPPR value associated with said data
packet or with data contained in said data packet indicates a
high reliability.

[0036] According to another embodiment, a method for
transmitting data packets in a wireless communication sys-
tem between at least two transceivers communicating with
each other using sidelink resource pools of the wireless
communication system may have the steps of: transmitting
a data packet on one of the sidelink resource pools of the
wireless communication system from one transceiver to the
other transceiver of the wireless communication system; and
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re-transmitting said data packet, if a PPPR value associated
with said data packet or with data contained in said data
packet indicates a high reliability, at least once

[0037] on another sidelink resource pool of the sidelink
resource pools of the wireless communication system,

[0038] or, in case of carrier aggregation, on another
component carrier,

[0039] or on the same resource pool of the sidelink
resource pools of the wireless communication system,
but on different carriers.

[0040] Another embodiment may have a non-transitory
digital storage medium having stored thereon a computer
program for performing a method for transmitting data
packets in a wireless communication system between at least
two transceivers communicating with each other using side-
link resource pools of the wireless communication system,
the method having the steps of: transmitting a data packet on
one of the sidelink resource pools of the wireless commu-
nication system to the other transceiver of the wireless
communication system; and re-transmitting said data packet
at least once on another sidelink resource pool of the sidelink
resource pools of the wireless communication system, if a
PPPR value associated with said data packet or with data
contained in said data packet indicates a high reliability,
when said computer program is run by a computer.

[0041] Another embodiment may have a non-transitory
digital storage medium having stored thereon a computer
program for performing a method for transmitting data
packets in a wireless communication system between at least
two transceivers communicating with each other, the method
having the steps of: transmitting a data packet on a compo-
nent carrier from the transceiver to the other transceiver of
the wireless communication system, re-transmitting said
data packet at least once on at least one other component
carrier, if a PPPR value associated with said data packet or
with data contained in said data packet indicates a high
reliability, when said computer program is run by a com-
puter.

[0042] Still another embodiment may have a non-transi-
tory digital storage medium having stored thereon a com-
puter program for performing a method for transmitting data
packets in a wireless communication system between at least
two transceivers communicating with each other using side-
link resource pools of the wireless communication system,
the method having the steps of: transmitting a data packet on
one of the sidelink resource pools of the wireless commu-
nication system from one transceiver to the other transceiver
of the wireless communication system; and re-transmitting
said data packet, if a PPPR value associated with said data
packet or with data contained in said data packet indicates a
high reliability, at least once

[0043] on another sidelink resource pool of the sidelink
resource pools of the wireless communication system,

[0044] or, in case of carrier aggregation, on another
component carrier,

[0045] or on the same resource pool of the sidelink
resource pools of the wireless communication system,
but on different carriers, when said computer program
is run by a computer.

[0046] Embodiments provide a transceiver for a wireless
communication system, wherein the transceiver is config-
ured to communicate with at least one other transceiver of
the wireless communication system using sidelink resource
pools [e.g., mode 3 resource pool, mode 4 resource pool,

Dec. 24, 2020

shared resource pool, unshared resource pool or exceptional
resource pool] of the wireless communication system,
wherein the transceiver is configured to transmit a data
packet on one of the sidelink resource pools of the wireless
communication system to the other transceiver of the wire-
less communication system, wherein the transceiver is con-
figured to, if a PPPR value (PPRR=ProSe per packet reli-
ability) associated with said data packet or with data
contained in said data packet indicates a high reliability [of
said data packet], to re-transmit said data packet at least on
once on another sidelink resource pool of the sidelink
resource pools of the wireless communication system.
[0047] For example, for NR-V2X, a per-packet priority
(similar to PPPP or PPPR as in L'TE, e.g. any QoS metric)
is being specified at least for non-unicast (e.g., broadcast or
groupcast) communication scenarios.

[0048] For example, for NR V2X for unicast and possibly
groupcast communication a bearer based model is being
specified using other QoS metrics, e.g., SQI, or PQI or VQI,
or any other QoS flow values [14], [15], [16].

[0049] In embodiments, a number of re-transmissions of
said data packet depends on the PPPR value.

[0050] In embodiments, the transceiver is configured to
obtain [e.g., to receive, to determine, or to extract from said
data packet] the PPPR value associated with said data packet
or with the data contained in said data packet.

[0051] In embodiments, the sidelink resource pools of the
wireless communication system are at least two out of a
mode 3 resource pool, a mode 4 resource pool, a shared
resource pool, an unshared resource pool or an exceptional
resource pool.

[0052] In embodiments, the PPPR value ranges from 1 to
8, wherein a PPPR value of 1 indicates the highest reliability
and a PPPR value of 8 indicates the lowest reliability.
[0053] In embodiments, the transceiver is configured to
retransmit said data packet at least once, if the PPPR value
exceeds a predefined threshold.

[0054] Thereby, note that, as PPPR value mapping to
reliability is upside down, i.e. 1 is highest, 8 is lowest
priority, “exceeding the threshold” refers to a PPPR value
being equal to or smaller than a predefined PPPR value.
[0055] In detail, the priority threshold indicates the upper
bound of the PPPP range which is associated with the
configurations in cbr-Configlndex and in tx-Configln-
dexList. The upper bounds of the PPPR ranges are config-
ured in ascending order for consecutive entries of SL-PPPR-
TxConfiglndex in SL-CBR-PPPR-TxConfiglist. For the
first entry of SL-PPPR-TxConfiglndex, the lower bound of
the PPPR range is 1.

[0056] In embodiments, the transceiver is configured to
retransmit said data packet at least once, if the PPPR value
indicates a reliability that is equal to or higher than a
predefined reliability

[0057] For example, for NR-V2X, the transceiver is con-
figured
[0058] For per packet based QoS model: to retransmit

said data packet at least once
[0059] For the bearer based QoS model: to setup a
parallel or multiple bearer if the QoS metric e.g. 5QI,
PQIL VQI or PPPP or PPPR or any other QoS metric
value exceeds a predefined threshold. [TS 23.501], [TR
23.786], [16]
[0060] In embodiments, the transceiver is served by a
central transceiver, for example, a base station, of the
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wireless communication system, wherein the transceiver is
configured to operate in (e.g., LTE) V2X Mode 3, in which
scheduling of resources for the communication with the at
least one other transceiver is performed by the central
transceiver, wherein the transceiver is configured to transmit
the data packet on a (e.g., LTE) V2X mode 3 resource pool
of'the sidelink resource pools of the wireless communication
system, and wherein the transceiver is configured to re-
transmit the data packet at least once on a (e.g., LTE) V2X
mode 4 resource pool, a shared resource pool, an unshared
resource pool or an exceptional resource pool of the sidelink
resource pools of the wireless communication system.
[0061] In embodiments, the transceiver is served by a
central transceiver, for example, a base station, of the
wireless communication system, wherein the transceiver is
configured to operate in NR V2X mode 1, in which sched-
uling of resources for the communication with the at least
one other transceiver is performed by the central transceiver,
wherein the transceiver is configured to transmit the data
packet on a NR V2X mode 1 resource pool of the sidelink
resource pools of the wireless communication system, and
wherein the transceiver is configured to re-transmit the data
packet at least once on the same or a different mode 1 NR
V2X resource pool, the same or a different mode 3 LTE V2X
resource pool, a LTE V2X mode 4 resource pool, a shared
resource pool, an unshared resource pool or an exceptional
resource pool of the sidelink resource pools of the wireless
communication system.

[0062] In embodiments, the transceiver is served by a
central transceiver, for example, a base station, of the
wireless communication system, wherein the transceiver is
configured to operate in D2D mode 1, in which scheduling
of resources for the communication with the at least one
other transceiver is performed by the central transceiver,
wherein the transceiver is configured to transmit the data
packet on the same or different D2D mode 1 resource pool
of'the sidelink resource pools of the wireless communication
system, and wherein the transceiver is configured to re-
transmit the data packet at least once on a D2D mode 2
resource pool, a shared resource pool, an unshared resource
pool or an exceptional resource pool of the sidelink resource
pools of the wireless communication system.

[0063] In embodiments, the transceiver is configured to
operate in (e.g., LTE) V2X Mode 4, wherein the transceiver
is configured to schedule resources for the sidelink commu-
nication autonomously, wherein the transceiver is config-
ured to transmit the data packet on a (e.g., LTE) V2X mode
4 resource pool of the sidelink resource pools of the wireless
communication system, and wherein the transceiver is con-
figured to re-transmit the data packet at least once on a (e.g.,
LTE) V2X mode 3 resource pool, a shared resource pool, an
unshared resource pool or an exceptional resource pool of
the sidelink resource pools of the wireless communication
system.

[0064] In embodiments, the transceiver is configured to
operate in NR V2X Mode 2, wherein the transceiver is
configured to schedule resources for the sidelink communi-
cation autonomously, wherein the transceiver is configured
to transmit the data packet on a NR V2X mode 2 resource
pool of the sidelink resource pools of the wireless commu-
nication system, and wherein the transceiver is configured to
re-transmit the data packet at least once on a NR V2X mode
2 resource pool, a NR V2X mode 1 resource pool, a LTE
V2X mode 4 resource pool, a LTE V2X mode 3 resource
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pool, a shared resource pool, an unshared resource pool or
an exceptional resource pool of the sidelink resource pools
of the wireless communication system.

[0065] In embodiments, the transceiver is configured to
operate in D2D Mode 2, wherein the transceiver is config-
ured to schedule resources for the sidelink communication
autonomously, wherein the transceiver is configured to
transmit the data packet on a D2D mode 2 resource pool of
the sidelink resource pools of the wireless communication
system, wherein the transceiver is configured to re-transmit
the data packet at least once on a D2D mode 2 resource pool,
a D2D mode 1 resource pool, a shared resource pool, an
unshared resource pool or an exceptional resource pool of
the sidelink resource pools of the wireless communication
system.

[0066] Inembodiments, the transceiver is configured to, in
case RLF (Radio Link Failure)/no-sensing information or
handover is available, to transmit said data packet on an
exceptional resource pool of the sidelink resource pools of
the wireless communication system, and to re-transmit said
data packet at least once on a previously [e.g., prior to
RLF/no-sensing information or handover available] used
resource pool of the sidelink resource pools of the wireless
communication system.

[0067] Inembodiments, the transceiver is configured to, in
case of carrier aggregation, to transmit said data packet on
a component carrier, and to re-transmit said data packet at
least once on another component carrier.

[0068] Further embodiments provide a transceiver for a
wireless communication system, wherein the transceiver is
configured to communicate with at least one other trans-
ceiver of the wireless communication system, wherein the
transceiver is configured to transmit a data packet on a
component carrier to the other transceiver of the wireless
communication system, wherein the transceiver is config-
ured to, if a PPPR value associated with said data packet or
with data contained in said data packet indicates a high
reliability, to re-transmit said data packet at least once on at
least one other component carrier.

[0069] In embodiments, the transceiver is configured to
retransmit said data packet at least once, if the PPPR value
indicates a reliability that is equal to or higher than a
predefined reliability or threshold.

[0070] In embodiments, the transceiver is served by a
central transceiver, for example, a base station, of the
wireless communication system, wherein the transceiver is
configured to operate in LTE V2X mode 3, NR V2X mode
1 or D2D mode 1 in which scheduling of resources for the
communication with the at least one other transceiver is
performed by the central transceiver.

[0071] In embodiments, the transceiver is configured to
operate in LTE V2X Mode 4, NR V2X mode 2 or D2D mode
2, wherein the transceiver is configured to schedule
resources for the sidelink communication autonomously.
[0072] In embodiments, the transceiver is configured to
operate using carrier aggregation.

[0073] Further embodiments provide a transceiver for a
wireless communication system, wherein the transceiver is
configured to communicate with at least one other trans-
ceiver of the wireless communication system using sidelink
resource pools of the wireless communication system,
wherein the transceiver is configured to transmit a data
packet on one of the sidelink resource pools of the wireless
communication system to the other transceiver of the wire-
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less communication system, wherein the transceiver is con-
figured to, if a PPPR value associated with said data packet
or with data contained in said data packet indicates a high
reliability, to re-transmit said data packet at least once

[0074] on another sidelink resource pool of the sidelink
resource pools of the wireless communication system,

[0075] or, in case of carrier aggregation, on another
component carriet,

[0076] or on the same resource pool of the sidelink
resource pools of the wireless communication system,
but on different carriers.

[0077] In embodiments, the transceiver is configured to
retransmit said data packet at least once, if the PPPR value
indicates a reliability that is equal to or higher than a
predefined reliability or threshold.

[0078] In embodiments, the transceiver is served by a
central transceiver, for example, a base station, of the
wireless communication system, wherein the transceiver is
configured to operate in LTE V2X mode 3, NR V2X mode
1 or D2D mode 1 in which scheduling of resources for the
communication with the at least one other transceiver is
performed by the central transceiver.

[0079] In embodiments, the transceiver is configured to
operate in LTE V2X mode 4, NR V2X mode 2 or D2D mode
2, wherein the transceiver is configured to schedule
resources for the sidelink communication autonomously.
[0080] Further embodiments provide a method for trans-
mitting data packets in a wireless communication system
between at least two transceivers communicating with each
other using sidelink resource pools [e.g., mode 3 resource
pool, mode 4 resource pool, shared resource pool, unshared
resource pool or exceptional resource pool] of the wireless
communication system. The method comprises a step of
transmitting a data packet on one of the sidelink resource
pools of the wireless communication system to the other
transceiver of the wireless communication system. Further,
the method comprises a step of re-transmitting said data
packet at least once on another sidelink resource pool of the
sidelink resource pools of the wireless communication sys-
tem, if a PPPR value associated with said data packet or with
data contained in said data packet indicates a high reliability
[of said data packet].

[0081] Further embodiments provide a method for trans-
mitting data packets in a wireless communication system
between at least two transceivers communicating with each
other. The method comprises a step of transmitting a data
packet on a component carrier to the other transceiver of the
wireless communication system. Further, the method com-
prises a step of re-transmitting said data packet at least once
on at least one other component carrier, if a PPPR value
associated with said data packet or with data contained in
said data packet indicates a high reliability.

[0082] Further embodiments provide a method for trans-
mitting data packets in a wireless communication system
between at least two transceivers communicating with each
other using sidelink resource pools of the wireless commu-
nication system. The method comprises a step of transmit-
ting a data packet on one of the sidelink resource pools of the
wireless communication system to the other transceiver of
the wireless communication system. Further, the method
comprises a step of re-transmitting said data packet, if a
PPPR value associated with said data packet or with data
contained in said data packet indicates a high reliability, at
least once
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[0083] on another sidelink resource pool of the sidelink
resource pools of the wireless communication system,

[0084] or, in case of carrier aggregation, on another
component carriet,

[0085] or on the same resource pool of the sidelink
resource pools of the wireless communication system,
but on different carriers.

[0086] Further embodiments provide a high priority data
handling considering the respective reliability for packet
duplication on shared/unshared/exceptional resource pools
by using PPPR.

[0087] Further embodiments use PPPR information for
network slicing.

[0088] Further embodiments use the PPPR value to allow
resource reservation in the consecutive resource pool by
adding pseudo data in the current resource pool (SCI).
[0089] Since Rel-13, ProSe per packet priority (PPPP) has
been defined for maintaining QoS in V2X. The application
layer sets the priority for every V2X messages and passes
this to the lower layers. The MAC layer then does the logical
channel prioritization and maps the logical channels to
transport channels based on the priorities. The PPPP takes
into account the latency used both in eNB and the UE.
Recently, in order to maintain and support the stringent
requirements of the advanced use cases ProSe per packet
reliability (PPPR) has been defined. With PPPR the reliabil-
ity can now be taken into account for satistying the defined
requirement between 90% to 99.999%.

[0090] Embodiments include:

[0091] Using transmission pools for duplicating packets
by taking into account the PPPR information
[0092] In case of a (e.g., LTE V2X) mode 3 based

UE, the PPPR information can be provided to the
eNB by the UE for resource reservation.

[0093] In case of (e.g., LTE V2X) mode 4 based UE,
the UE can either do sensing for allocating the
resources or a grant-free access according to the
PPPR or any combination of PPPR and CBR.

[0094] Packets with the low PPPR (i.e. requesting
high reliability) can then be duplicated on the shared
resource pool or in the same mode but on different
carriers (if the UE supports CA).

[0095] During a handover or a resource reselection or
even during normal operation (if allowed), if low
PPPR and/or low PPPP value messages occur (de-
manding high reliability and low latency) then the
exceptional pool can be used for packet duplication
plus the last (pre)configured resource pool.

[0096] A mapping for each network slice demanding a
defined latency and/or reliability to a PPPP and/or
PPPR value, respectively. This way the RAN can
ensure the best fitting handling to ensure the demanded
latency and reliability for the individual network slice.

[0097] Allowing resource reservation restricted to high
reliability requests (i.e. low PPPR values) in the con-
secutive resource pool by adding pseudo data in the
current resource pool.

[0098] Embodiments provide a mechanism to

[0099] Enhance the existing QoS by using new schemes

based on the PPPR both in layer 2&3.
[0100] Embodiments contribute to

[0101] Enhancing the QoS in the RAN by using new
approaches based on the PPPR to guarantee the respec-
tive reliability
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[0102] The use of priority schemes for assisting packet
duplication in V2X.

[0103] the use of the PPPR/PPPP to assess packet
sharing between resource pool for Mode 3 and Mode 4,
ie.,

[0104] When PPPR threshold is reached, perform
packet duplication on the shared resources

[0105] If PPPP threshold is reached, transmit differ-
ent packets on the selected pools

[0106] Enhancing the QoS for network slices by map-
ping the slice specific latency and reliability require-
ments to the PPPP and PPPR, respectively and to
ensure the most appropriate processing in RAN to
fulfill the requirements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0107] Embodiments of the present invention are
described herein making reference to the appended draw-
ings.

[0108] FIG. 1 shows a schematic representation of an
example of a wireless communication system;

[0109] FIG. 2 is a schematic representation of a cell, like
cell 106, in FIG. 1, having two distinct overlaid networks,
the networks comprising a macro cell network including the
macro cell 106,, and a small cell network;

[0110] FIG. 3 shows a schematic representation of a
situation in which UEs directly communicating with each
other are in coverage of a base station;

[0111] FIG. 4 shows a scenario in which UEs directly
communicating with each other are not are not in coverage
of a base station, i.e., are not connected to a base station;

[0112] FIG. 5a shows a schematic block diagram of a
transceiver for a wireless communication network, accord-
ing to an embodiment of the present invention;

[0113] FIG. 56 shows a schematic diagram of an example
of a duplication scheme for packet 1 (P1) with highest
reliability (lowest PPPR);

[0114] FIG. 6 shows a schematic diagram of an input for
the decision on packet duplication;

[0115] FIG. 7 shows a schematic diagram of mapping of
network slices to PPPP/PPPR for RAB priority handling;

[0116] FIG. 8 shows a flowchart of a method for trans-
mitting data packets in a wireless communication system
between at least two transceivers communicating with each
other using sidelink resource pools, according to an embodi-
ment of the present invention;

[0117] FIG. 9 shows a flowchart of a method for trans-
mitting data packets in a wireless communication system
between at least two transceivers communicating with each
other using sidelink resource pools, according to a further
embodiment of the present invention;

[0118] FIG. 10 shows a flowchart of a method for trans-
mitting data packets in a wireless communication system
between at least two transceivers communicating with each
other using sidelink resource pools, according to a further
embodiment of the present invention; and

[0119] FIG. 11 illustrates an example of a computer sys-
tem on which units or modules as well as the steps of the
methods described in accordance with the inventive
approach may execute.
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DETAILED DESCRIPTION OF THE
INVENTION

[0120] Equal or equivalent elements or elements with
equal or equivalent functionality are denoted in the follow-
ing description by equal or equivalent reference numerals.
[0121] In the following description, a plurality of details
are set forth to provide a more thorough explanation of
embodiments of the present invention. However, it will be
apparent to one skilled in the art that embodiments of the
present invention may be practiced without these specific
details. In other instances, well-known structures and
devices are shown in block diagram form rather than in
detail in order to avoid obscuring embodiments of the
present invention. In addition, features of the different
embodiments described hereinafter may be combined with
each other, unless specifically noted otherwise.

[0122] FIG. 5a shows a schematic block diagram of a
transceiver 109, (e.g., a UE of a device or vehicle) of a
wireless communication system 100, according to an
embodiment of the present invention. The transceiver 109,
is configured to communicate 111,, with at least one other
transceiver 109, of the wireless communication system 100
using sidelink resource pools of the wireless communication
system 100.

[0123] Thereby, the transceiver 109, can be configured to
transmit a data packet on one of the sidelink resource pools
of the wireless communication system 100 to the other
transceiver 109, of the wireless communication system 100,
wherein the transceiver 109, can be configured to, if a PPPR
value associated with said data packet or with data contained
in said data packet indicates a high reliability, to re-transmit
said data packet at least once

[0124] on another sidelink resource pool of the sidelink
resource pools of the wireless communication system
100,

[0125] or on the same resource pool of the sidelink
resource pools of the wireless communication system,
but on different carriers.

[0126] In case of carrier aggregation (CA), the transceiver
109, also (e.g., alternatively or additionally) can be config-
ured to transmit the data packet on a component carrier (e.g.,
a first component carrier) to the other transceiver 109, of the
wireless communication system 100, wherein the trans-
ceiver can be configured to, if a PPPR value associated with
said data packet or with data contained in said data packet
indicates a high reliability, to re-transmit said data packet at
least once on at least one other component carrier (e.g., a
second component carrier different from the first component
carrier).

[0127] In embodiments, the transceiver 109, can be con-
figured to retransmit said data packet at least once, if the
PPPR value indicates a reliability (or priority) that is equal
to or higher than a predefined reliability or threshold.
[0128] Note that, in some communication standards, a
PPPR value of 1 may indicate the highest reliability (or
priority), wherein a PPPR value of 8 may indicate the lowest
priority.

[0129] In this case, the transceiver 109, can be configured
to retransmit said data packet at least once, if the PPPR value
is equal to or smaller than the predefined reliability or
threshold, such as, for example, 4 (or 3, or 2, or 1). Naturally,
also other predefined reliability values or thresholds may
apply in dependence on the employed communication stan-
dard.
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[0130] For example, in case of 3GPP TS23.285. the pre-
defined reliability values or thresholds can be 1 to 8.
[0131] As indicated in FIG. 5a by way of example, the
communication system 100 optionally may comprise a base
station, such as gNB or eNB. Thereby, the transceiver 109,
and, e.g., also the other transceiver 109, can be configured
to communicate 111, and 111, with the base station, when
the transceivers 109, and 109, are in-coverage of the base
station. The transceivers 109, and 109, (or at least one of the
transceivers 109, and 109,) also could be out-of-coverage of
the base station. In both cases, i.e. in coverage mode and in
out-of-coverage mode, the transceiver 109, can be config-
ured to communicate directly (=sidelink communication)
with the other transceiver 109, of the wireless communica-
tion system 100, e.g., using a sidelink resource pool of the
wireless communication system.

[0132] In dependence on the employed wireless commu-
nication standard, the in-coverage mode can be referred to as
LTE V2X mode 3 or NR V2X mode 1 or D2D mode 1,
wherein the out-of-coverage mode can be referred to as V2X
mode 4 or NR V2X mode 2 or D2D mode 2.

[0133] Subsequently, embodiments of the transceiver 109,
are described in further detail. Thereby, in the following
description, it is primarily made reference to a communica-
tion standard in which the in-coverage and out-of-coverage
modes are referred to as LTE V2X modes 3 and 4, respec-
tively, to explain the functionality of the transceiver 109, in
the corresponding in-coverage and out-of-coverage modes.
Naturally, the following description does also apply to other
wireless communication standards in which the in-coverage
and out-of-coverage modes are referred to as, for example,
NR V2X mode 1 and NR V2X mode 2, or D2D mode 1 and
D2D mode 2, respectively.

[0134] The idea is specifically related to V2X services
demanding highly reliable data transmission. High reliabil-
ity is indicated by the newly introduced PPPR.

[0135] Currently neither the range nor the mappings of the
PPPR value to the requested reliability are finally defined. It
is assumed that the same setting may apply as for the PPPP
for the given description. However, if the final PPPR defi-
nition would be different, the description would need to be
read using the final definition.

[0136] The PPPR (based on PPPP) would thus range from
1 to 8, where 1 indicated the highest reliability and 8
respectively, the lowest reliability.

[0137] The most common approach to improve the reli-
ability is packet duplication, which is already defined for
V2X. However, the idea of how to interpret the PPPR as well
as the scheme for packet duplication based on the PPPR are
no readily defined and therefore invented as described
below.

Embodiment 1

[0138] Embodiments provide high priority data handling
considering the respective reliability for packet duplication
on shared/unshared/exceptional resource pools by using
PPPR.

[0139] During the currently ongoing Rel. 15 V2X speci-
fication one major topic is the definition of resource pool
sharing between mode 3 and mode 4. During the last
RAN2#101 meeting it was agreed that mode 3 UEs are
allowed to share Mode 4 UE resource pools. Prerequisite for
the mode 3 UEs is the sensing of the mode 4 resource pools

Dec. 24, 2020

prior to data transmission to reduce the risk of interfering
with Mode 4 UE data transmission.

[0140] FIG. 55 shows a schematic diagram of an example
of a duplication scheme for packet 1 (P1) with highest
reliability (lowest PPPR).

[0141] In detail, FIG. 54 shows in a diagram a transmis-
sion of a data packet 300 on a sidelink resource pool 302,
of the wireless communication system, wherein the data
packet 300 is retransmitted on another resource pool 302, of
the wireless communication system. Thereby, the ordinate
denotes the frequency and the abscissa the time. As shown
in FIG. 5b, the data packet 300 can be re-transmitted one or
two times on the other resource pool 302,. Retransmissions
of the data packet are indicated in FIG. 54 with reference
numerals 300(1) and 300(2).

[0142] As indicated in FIG. 54, embodiments use the
shared resource pools for packet duplications 300(2) and
300(3) for V2X services demanding high reliability indi-
cated by the PPPR.

[0143] If high reliability is indicated for V2X data trans-
mission on the sidelink, the duplicated packets 300(2) and
300(3) could be transmitted on the shared or any type of
unshared resource pool. In detail the idea includes for
resource pool use:

[0144] 1. In case of a mode 3 UE 109, and high
reliability (indicated by the PPPR), the mode 3 UE 109,
could transmit the data 300 on resource pool 1 (302,)
in FIG. 5b (e.g. the mode 3 resource pool) and the
duplicated packet 300(2) or 200(3) in addition on the
resource pool 2 (302,) in FIG. 56 (e.g. the shared
resource pool)).

[0145] 2. In case of a mode 4 UE 109, and high
reliability (indicated by the PPPR), the mode 4 UE 109,
could transmit the data 300 on the resource pool 1
(302)) in FIG. 54 (e.g. the mode 4 resource pool) and
the duplicated packet 300(1) or 300(2) in addition on
the resource pool 2 (302,) in FIG. 55 (e.g. the shared
resource pool)

[0146] 3. Either mode 3 or mode 4, in case of RLF/no-
sensing information available or handover, after high
reliability indication (indicated by the PPPR) threshold
is triggered, the UE 109, selects to duplicate resources
transmitted on the legacy exceptional resource pool
(say resource pool 1 (300,) in FIG. 5b) on a (pre)
configured resources or last used resources (say
resource pool 2 (300,) in FIG. 5b).

[0147] 4. Either mode 3 or mode 4, in case of carrier
aggregation (CA), after high reliability indication (indi-
cated by the PPPR) threshold is triggered, the UE 109,
selects to duplicate resources transmitted on compo-
nent carrier #i (CC-i) (say resource pool 1 (302,) in
FIG. 5b) on another CC-ii (say resource pool 2 (302,)
in FIG. 56) or more CC and more pools; if—and only
if—carrier aggregation is possible

[0148] 5. The duplicated data packet(s) 300(1) and
200(2) could be transmitted either on

[0149] the shared resource pool or
[0150] the exceptional pool
[0151] on the associated mode 3/4 resource pool or
[0152] on any combination of the shared, the associ-
ated mode 3 or 4 and/or the exceptional resource
pool
[0153] one or multiple times.
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[0154] The following table describes all possible scenarios
for resource pool 1 and 2 in FIG. 5b:
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ping is explained in this list (see item 2.). Additionally,
a SI_CBR-PPPR table may apply [2]—similar to the

Scenario Resource Pool 1 Resource Pool 2

Mode 3 share Mode 3 Mode 4 Original data transmission on

Mode 4 resources RP of Mode 3 and duplication
happens on Mode 4

Mode 4 share Mode 4 Mode 3 Original data transmission on

Mode 3 resources RP of Mode 4 and duplication
happens on Mode 3

RLF/no-sensing Exceptional Any available Data transmission of duplicated

information Resource Pool (previously resources may be altered by the

used) resource
pool or the ITS
frequency band

available/handover

availability of resource pool 2,
e.g., based on sensing or
previous CBR values

Carrier Main/previously  Secondary or
aggregation used CC more CCs
[0155] FIG. 6 shows a schematic diagram of an input for

the decision on packet duplication.
[0156] In detail, the idea includes for the packet duplica-
tion scheme:

[0157] 1. The decision on duplicated multiple transmis-
sions 300(2) and 300(3) depend on the PPPR value
(representing the requested reliability) and may also
consider in addition the channel load (FIG. 6). The
channel load could be deduced from the SL-CBR
(SL-CBR=sidelink channel busy ratio).

[0158] 2. In case both the PPPP and SL-CBR are
considered, the packet duplication decision could be:

IF SL-CBR > SL-CBR-threshold)
IF (PPPR > PPPR-threshold)
duplicate packet(s);

[0159] 3. Optional, depending on PPPR or SL-CBR &
PPPR combination, a multiplication factor may be
selected to transmit the same packet 300, 300(2) and
300(3) multiple times as given by the multiplication
factor
[0160] 4. In case the packet 300 is transmitted more
than one time, there could be a fixed offset using a
periodic transmission for the next packet transmission
300(2) and 300(3) or random bursts for packet trans-
mission (see FIG. 5b)
[0161] 5. The duplicated packet 300(2), 300(3) could be
sent on the shared pool either
[0162] In the same period as the “original” packet
300 (which implies that sensing might not yet be
performed). This could be applicable in case low
latency is indicated e.g. by a low PPPP.

[0163] Deferred in the current or next secondary
resource pool by a defined or random offset.

[0164] In one of the consecutive secondary resource
pools, this may apply if low latency is not required.
This could ensure the use of the sensing mechanism
to possibly avoid interfering with other UEs 109,
data transmission (and thus, increase the probability
for successful data transmission).

[0165] 6. How to decide on packet duplication/multi-
plication based on the PPPR or the PPPR/CL-CBR
combination could either be hardcoded or configurable.
One example for a configurable threshold based map-

SL-CBR-PPPP-TxConfigl.ist information element for
the PPPP to identify whether packet duplication should
be performed. Using this list also the information, how
often the packets should be transmitted, could be
derived.

[0166] A freely configurable or pre-defined or hard-
coded table could be used to provide the mapping of the
PPPR value to the packet duplication. Note: in mode 3
the packet duplication will be controlled by the base
station using e.g. either RRC signaling or MAC CE
(control element) or both of them.

Embodiment 2

[0167] In embodiments, the PPPR information is used for
network slicing.

[0168] From Rel 15 onwards also the new concept of
network slicing applies for the RAN.

[0169] FIG. 7 shows a schematic diagram of mapping of
network slices to PPPP/PPPR for RAB (Radio Access
Bearer) priority handling.

[0170] Each network slice typically represents a service,
e.g. mobile broadband or V2X with a defined set of param-
eters. The detailed handling for network slices in RAN is not
yet defined.

[0171] To ensure the demanded latency and reliability for
each network slice, the requested latency/reliability could be
mapped for each network slice to a PPPP and PPPR value,
respectively.

[0172] This could be applied at least for any V2X related
service slice, but may not be limited to it.

[0173] Using either the already defined mechanisms for
the PPPP as well as the new schemes for the PPPR (as
proposed in embodiment 1 and 2) or any combination of the
2 schemes, each network slice could be processed in the
RAN in a way to ensure meeting the requested reliability and
latency.

[0174] How to map each network slice to the PPPP and/or
PPPR could either be hardcoded or configurable.

[0175] Either a freely configurable or pre-defined or
hard-coded table could be used to provide this map-
ping.

[0176] Or thresholds could be used to for the defined
latency/reliability per service slice to map to the best
fitting PPPP and/or PPPR, respectively.
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Embodiment 3

[0177] In embodiments, the PPPR value is used to allow
resource reservation in the consecutive resource pool by
adding pseudo data in the current resource pool (SCI).
[0178] In addition to packet duplication, high reliability
(indicated by low PPPR) could also be ensured by resource
reservation of mode 4 UEs in the next resource pool.
[0179] The idea is here to add pseudo data in the mode 4
resource pool (e.g. to the SCI), to indicate resource pool
usage for sensing mode 3 UEs (trying to use the mode 4
resource pool for sharing) as well as other mode 4 UEs.
[0180] As a result, the sensing UEs will not transmit data
in the consecutive mode 4 resource pool. Thus, the mode 4
UE adding pseudo data (e.g. in the SCI) will increase the
reliability for critical (highly reliable) in the consecutive
resource pool, i.e. increase the probability of successful data
transmission avoiding collision with data packets from other
mode 3 or 4 UEs.

[0181] However, the mechanism could be strongly limited
to very high reliability requesting services (low PPPR),
which uses the transmission of defined data (e.g. positioning
or further important details in case of emergency) to avoid
wasting of resources.

[0182] Embodiments described herein can be imple-
mented, for example, in V2X, D2D, mMTC, URLLC, and
critical communication.

[0183] FIG. 8 shows a flowchart of a method 400 for
transmitting data packets in a wireless communication sys-
tem between at least two transceivers communicating with
each other using sidelink resource pools (e.g., mode 3
resource pool, mode 4 resource pool, shared resource pool,
unshared resource pool or exceptional resource pool) of the
wireless communication system. The method 400 comprises
a step 402 of transmitting a data packet on one of the sidelink
resource pools of the wireless communication system to the
other transceiver of the wireless communication system.
Further, the method 400 comprises a step 404 of re-trans-
mitting said data packet at least once on another sidelink
resource pool of the sidelink resource pools of the wireless
communication system, if a PPPR value associated with said
data packet or with data contained in said data packet
indicates a high reliability [of said data packet].

[0184] FIG. 9 shows a flowchart of a method 410 for
transmitting data packets in a wireless communication sys-
tem between at least two transceivers communicating with
each other. The method 410 comprises a step 412 of trans-
mitting a data packet on a component carrier to the other
transceiver of the wireless communication system. Further,
the method 410 comprises a step 414 of re-transmitting said
data packet at least once on at least one other component
carrier, if a PPPR value associated with said data packet or
with data contained in said data packet indicates a high
reliability.

[0185] FIG. 10 shows a flowchart of a method 420 for
transmitting data packets in a wireless communication sys-
tem between at least two transceivers communicating with
each other using sidelink resource pools of the wireless
communication system. The method 420 comprises a step
422 of transmitting a data packet on one of the sidelink
resource pools of the wireless communication system to the
other transceiver of the wireless communication system.
Further, the method 420 comprises a step 424 of re-trans-
mitting said data packet, if a PPPR value associated with
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said data packet or with data contained in said data packet
indicates a high reliability, at least once

[0186] on another sidelink resource pool of the sidelink
resource pools of the wireless communication system,

[0187] or, in case of carrier aggregation, on another
component carriet,

[0188] or on the same resource pool of the sidelink
resource pools of the wireless communication system,
but on different carriers.

[0189] Although some aspects of the described concept
have been described in the context of an apparatus, it is clear
that these aspects also represent a description of the corre-
sponding method, where a block or a device corresponds to
a method step or a feature of a method step. Analogously,
aspects described in the context of a method step also
represent a description of a corresponding block or item or
feature of a corresponding apparatus.

[0190] Various elements and features of the present inven-
tion may be implemented in hardware using analog and/or
digital circuits, in software, through the execution of instruc-
tions by one or more general purpose or special-purpose
processors, or as a combination of hardware and software.
For example, embodiments of the present invention may be
implemented in the environment of a computer system or
another processing system. FIG. 11 illustrates an example of
a computer system 350. The units or modules as well as the
steps of the methods performed by these units may execute
on one or more computer systems 350. The computer system
350 includes one or more processors 352, like a special
purpose or a general purpose digital signal processor. The
processor 352 is connected to a communication infrastruc-
ture 354, like a bus or a network. The computer system 350
includes a main memory 356, e.g., a random access memory
(RAM), and a secondary memory 358, e.g., a hard disk drive
and/or a removable storage drive. The secondary memory
358 may allow computer programs or other instructions to
be loaded into the computer system 350. The computer
system 350 may further include a communications interface
360 to allow software and data to be transferred between
computer system 350 and external devices. The communi-
cation may be in the form electronic, electromagnetic,
optical, or other signals capable of being handled by a
communications interface. The communication may use a
wire or a cable, fiber optics, a phone line, a cellular phone
link, an RF link and other communications channels 362.

[0191] The terms “computer program medium” and “com-
puter readable medium” are used to generally refer to
tangible storage media such as removable storage units or a
hard disk installed in a hard disk drive. These computer
program products are means for providing software to the
computer system 350. The computer programs, also referred
to as computer control logic, are stored in main memory 356
and/or secondary memory 358. Computer programs may
also be received via the communications interface 360. The
computer program, when executed, enables the computer
system 350 to implement the present invention. In particular,
the computer program, when executed, enables processor
352 to implement the processes of the present invention,
such as any of the methods described herein. Accordingly,
such a computer program may represent a controller of the
computer system 350. Where the disclosure is implemented
using software, the software may be stored in a computer
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program product and loaded into computer system 350 using
a removable storage drive, an interface, like communica-
tions interface 360.

[0192] The implementation in hardware or in software
may be performed using a digital storage medium, for
example cloud storage, a floppy disk, a DVD, a Blue-Ray, a
CD, a ROM, a PROM, an EPROM, an EEPROM or a
FLASH memory, having electronically readable control
signals stored thereon, which cooperate (or are capable of
cooperating) with a programmable computer system such
that the respective method is performed. Therefore, the
digital storage medium may be computer readable.

[0193] Some embodiments according to the invention
comprise a data carrier having electronically readable con-
trol signals, which are capable of cooperating with a pro-
grammable computer system, such that one of the methods
described herein is performed.

[0194] Generally, embodiments of the present invention
may be implemented as a computer program product with a
program code, the program code being operative for per-
forming one of the methods when the computer program
product runs on a computer. The program code may for
example be stored on a machine readable carrier.

[0195] Other embodiments comprise the computer pro-
gram for performing one of the methods described herein,
stored on a machine readable carrier. In other words, an
embodiment of the inventive method is, therefore, a com-
puter program having a program code for performing one of
the methods described herein, when the computer program
runs on a computer.

[0196] A further embodiment of the inventive methods is,
therefore, a data carrier (or a digital storage medium, or a
computer-readable medium) comprising, recorded thereon,
the computer program for performing one of the methods
described herein. A further embodiment of the inventive
method is, therefore, a data stream or a sequence of signals
representing the computer program for performing one of
the methods described herein. The data stream or the
sequence of signals may for example be configured to be
transferred via a data communication connection, for
example via the Internet. A further embodiment comprises a
processing means, for example a computer, or a program-
mable logic device, configured to or adapted to perform one
of the methods described herein. A further embodiment
comprises a computer having installed thereon the computer
program for performing one of the methods described
herein.

[0197] In some embodiments, a programmable logic
device (for example a field programmable gate array) may
be used to perform some or all of the functionalities of the
methods described herein. In some embodiments, a field
programmable gate array may cooperate with a micropro-
cessor in order to perform one of the methods described
herein. Generally, the methods may be performed by any
hardware apparatus.

[0198] While this invention has been described in terms of
several embodiments, there are alterations, permutations,
and equivalents which will be apparent to others skilled in
the art and which fall within the scope of this invention. It
should also be noted that there are many alternative ways of
implementing the methods and compositions of the present
invention. It is therefore intended that the following
appended claims be interpreted as including all such altera-
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tions, permutations, and equivalents as fall within the true
spirit and scope of the present invention.
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1. A transceiver for a wireless communication system,
wherein the transceiver is configured to communicate
with at least one other transceiver of the wireless
communication system using sidelink resource pools of
the wireless communication system,
wherein the transceiver is configured to transmit a data
packet on one of the sidelink resource pools of the
wireless communication system to the other transceiver
of the wireless communication system,
wherein the transceiver is configured to, if a PPPR value
associated with said data packet or with data comprised
in said data packet indicates a high reliability, to
re-transmit said data packet at least once on another
sidelink resource pool of the sidelink resource pools of
the wireless communication system.
2. The transceiver according to claim 1,
wherein a number of re-transmissions of said data packet
depends on the PPPR value.
3. The transceiver according to claim 1,
wherein the transceiver is configured to acquire the PPPR
value associated with said data packet or with the data
comprised in said data packet.
4. The transceiver according to claim 1,
wherein the sidelink resource pools of the wireless com-
munication system are at least two out of a mode 3
resource pool, a mode 4 resource pool, a shared
resource pool, an unshared resource pool or an excep-
tional resource pool.
5. The transceiver according to claim 1,
wherein the PPPR value ranges from 1 to 8;
wherein a PPPR value of 1 indicates the highest reliability
and a PPPR value of 8 indicates the lowest reliability.
6. The transceiver according to claim 1,
wherein the transceiver is configured to retransmit said
data packet at least once, if the PPPR value exceeds a
predefined threshold.
7. The transceiver according to claim 1,
wherein the transceiver is configured to retransmit said
data packet at least once, if the PPPR value indicates a
reliability that is equal to or higher than a predefined
reliability.
8. The transceiver according to claim 1,
wherein the transceiver is served by a central transceiver,
for example, a base station, of the wireless communi-
cation system, wherein the transceiver is configured to
operate in V2X Mode 3, in which scheduling of
resources for the communication with the at least one
other transceiver is performed by the central trans-
ceiver,
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wherein the transceiver is configured to transmit the data
packet on a V2X mode 3 resource pool of the sidelink
resource pools of the wireless communication system,
and

wherein the transceiver is configured to re-transmit the
data packet at least once on a V2X mode 4 resource
pool, a shared resource pool, an unshared resource pool
or an exceptional resource pool of the sidelink resource
pools of the wireless communication system.

9. The transceiver according to claim 1,

wherein the transceiver is served by a central transceiver,
for example, a base station, of the wireless communi-
cation system, wherein the transceiver is configured to
operate in NR V2X mode 1, in which scheduling of
resources for the communication with the at least one
other transceiver is performed by the central trans-
ceiver,

wherein the transceiver is configured to transmit the data
packet on a NR V2X mode 1 resource pool of the
sidelink resource pools of the wireless communication
system, and

wherein the transceiver is configured to re-transmit the
data packet at least once on another or the same NR
V2X mode 1 resource pool, a NR V2X mode 2 resource
pool, a shared resource pool, an unshared resource pool
or an exceptional resource pool of the sidelink resource
pools of the wireless communication system.

10. The transceiver according to claim 1,

wherein the transceiver is served by a central transceiver,
for example, a base station, of the wireless communi-
cation system, wherein the transceiver is configured to
operate in D2D mode 1, in which scheduling of
resources for the communication with the at least one
other transceiver is performed by the central trans-
ceiver,

wherein the transceiver is configured to transmit the data
packet on a D2D mode 1 resource pool of the sidelink
resource pools of the wireless communication system,
and

wherein the transceiver is configured to re-transmit the
data packet at least once on another or the same D2D
mode 1 resource pool, a D2D mode 2 resource pool, a
shared resource pool, an unshared resource pool or an
exceptional resource pool of the sidelink resource pools
of the wireless communication system.

11. The transceiver according to claim 1,

wherein the transceiver is configured to operate in V2X
Mode 4, wherein the transceiver is configured to sched-
ule resources for the sidelink communication autono-
mously;

wherein the transceiver is configured to transmit the data
packet on a V2X mode 4 resource pool of the sidelink
resource pools of the wireless communication system,
and

wherein the transceiver is configured to re-transmit the
data packet at least once on a V2X mode 3 resource
pool, a shared resource pool, an unshared resource pool
or an exceptional resource pool of the sidelink resource
pools of the wireless communication system.

12. The transceiver according to claim 1,

wherein the transceiver is configured to operate in NR
V2X Mode 2, wherein the transceiver is configured to
schedule resources for the sidelink communication
autonomously;
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wherein the transceiver is configured to transmit the data
packet on a NR V2X mode 2 resource pool of the
sidelink resource pools of the wireless communication
system, and

wherein the transceiver is configured to re-transmit the
data packet at least once on another or the same NR
V2X mode 2 resource pool, a NR V2X mode 1 resource
pool, a shared resource pool, an unshared resource pool
or an exceptional resource pool of the sidelink resource
pools of the wireless communication system.

13. The transceiver according to claim 1,

wherein the transceiver is configured to operate in D2D
Mode 2, wherein the transceiver is configured to sched-
ule resources for the sidelink communication autono-
mously;

wherein the transceiver is configured to transmit the data
packet on a D2D mode 2 resource pool of the sidelink
resource pools of the wireless communication system,
and

wherein the transceiver is configured to re-transmit the
data packet at least once on another or the same D2D
mode 2 resource pool, a D2D mode 1 resource pool, a
shared resource pool, an unshared resource pool or an
exceptional resource pool of the sidelink resource pools

13
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19. The transceiver according to claim 16,

wherein the transceiver is configured to operate in V2X
Mode 4, NR V2X mode 2 or D2D mode 2, wherein the
transceiver is configured to schedule resources for the
sidelink communication autonomously.

20. The transceiver according to claim 16,

wherein the transceiver is configured to operate using
carrier aggregation.

21. A transceiver for a wireless communication system,

wherein the transceiver is configured to communicate
with at least one other transceiver of the wireless
communication system using sidelink resource pools of
the wireless communication system,

wherein the transceiver is configured to transmit a data
packet on one of the sidelink resource pools of the
wireless communication system to the other transceiver
of the wireless communication system,

wherein the transceiver is configured to, if a PPPR value
associated with said data packet or with data comprised
in said data packet indicates a high reliability, to
re-transmit said data packet at least once
on another sidelink resource pool of the sidelink

resource pools of the wireless communication sys-

of the wireless communication system. tem,
14. The transceiver according to claim 1, or, in case of carrier aggregation, on another component
wherein the transceiver is configured to, in case RLF/no- carrier,

sensing information or handover is available, to trans-
mit said data packet on an exceptional resource pool of
the sidelink resource pools of the wireless communi-
cation system, and to re-transmit said data packet at
least once on a previously used resource pool of the
sidelink resource pools of the wireless communication
system.

15. The transceiver according to claim 1,

wherein the transceiver is configured to, in case of carrier
aggregation, to transmit said data packet on a compo-
nent carrier, and to re-transmit said data packet at least
once on another component carrier.

16. A transceiver for a wireless communication system,

wherein the transceiver is configured to communicate
with at least one other transceiver of the wireless
communication system,

wherein the transceiver is configured to transmit a data
packet on a component carrier to the other transceiver
of the wireless communication system,

wherein the transceiver is configured to, if a PPPR value
associated with said data packet or with data comprised
in said data packet indicates a high reliability, to
re-transmit said data packet at least once on at least one
other component carrier.

or on the same resource pool of the sidelink resource
pools of the wireless communication system, but on
different carriers.

22. The transceiver according to claim 21,

wherein the transceiver is configured to retransmit said
data packet at least once, if the PPPR value indicates a
reliability that is equal to or higher than a predefined
reliability or threshold.

23. The transceiver according to claim 21,

wherein the transceiver is served by a central transceiver,
for example, a base station, of the wireless communi-
cation system, wherein the transceiver is configured to
operate in LTE V2X mode 3, NR V2X mode 1 or D2D
mode 1 in which scheduling of resources for the
communication with the at least one other transceiver is
performed by the central transceiver.

24. The transceiver according to claim 21,

wherein the transceiver is configured to operate in LTE
V2X mode 4, NR V2X mode 2 or D2D mode 2,
wherein the transceiver is configured to schedule
resources for the sidelink communication autono-
mously.

25. A method for transmitting data packets in a wireless

communication system between at least two transceivers
communicating with each other using sidelink resource
pools of the wireless communication system, the method
comprising:

17. The transceiver according to claim 16,

wherein the transceiver is configured to retransmit said
data packet at least once, if the PPPR value indicates a
reliability that is equal to or higher than a predefined

reliability or threshold.

18. The transceiver according to claim 16,

wherein the transceiver is served by a central transceiver,
for example, a base station, of the wireless communi-
cation system, wherein the transceiver is configured to
operate in LTE V2X mode 3, NR V2X mode 1 or D2D
mode 1 in which scheduling of resources for the
communication with the at least one other transceiver is
performed by the central transceiver.

transmitting a data packet on one of the sidelink resource
pools of the wireless communication system to the
other transceiver of the wireless communication sys-
tem; and

re-transmitting said data packet at least once on another
sidelink resource pool of the sidelink resource pools of
the wireless communication system, if a PPPR value
associated with said data packet or with data comprised
in said data packet indicates a high reliability.
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26. A method for transmitting data packets in a wireless
communication system between at least two transceivers
communicating with each other, the method comprising:

transmitting a data packet on a component carrier from

the transceiver to the other transceiver of the wireless
communication system,

re-transmitting said data packet at least once on at least

one other component carrier, if a PPPR value associ-
ated with said data packet or with data comprised in
said data packet indicates a high reliability.

27. A method for transmitting data packets in a wireless
communication system between at least two transceivers
communicating with each other using sidelink resource
pools of the wireless communication system, the method
comprising:

transmitting a data packet on one of the sidelink resource

pools of the wireless communication system from one
transceiver to the other transceiver of the wireless
communication system; and

re-transmitting said data packet, if a PPPR value associ-

ated with said data packet or with data comprised in

said data packet indicates a high reliability, at least once

on another sidelink resource pool of the sidelink
resource pools of the wireless communication sys-
tem,

or, in case of carrier aggregation, on another component
carrier,

or on the same resource pool of the sidelink resource
pools of the wireless communication system, but on
different carriers.

28. A non-transitory digital storage medium having stored
thereon a computer program for performing a method for
transmitting data packets in a wireless communication sys-
tem between at least two transceivers communicating with
each other using sidelink resource pools of the wireless
communication system, the method comprising:

transmitting a data packet on one of the sidelink resource

pools of the wireless communication system to the
other transceiver of the wireless communication sys-
tem; and

re-transmitting said data packet at least once on another

sidelink resource pool of the sidelink resource pools of
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the wireless communication system, if a PPPR value
associated with said data packet or with data comprised
in said data packet indicates a high reliability,

when said computer program is run by a computer.

29. A non-transitory digital storage medium having stored
thereon a computer program for performing a method for
transmitting data packets in a wireless communication sys-
tem between at least two transceivers communicating with
each other, the method comprising:

transmitting a data packet on a component carrier from

the transceiver to the other transceiver of the wireless
communication system,

re-transmitting said data packet at least once on at least

one other component carrier, if a PPPR value associ-
ated with said data packet or with data comprised in
said data packet indicates a high reliability,

when said computer program is run by a computer.

30. A non-transitory digital storage medium having stored
thereon a computer program for performing a method for
transmitting data packets in a wireless communication sys-
tem between at least two transceivers communicating with
each other using sidelink resource pools of the wireless
communication system, the method comprising:

transmitting a data packet on one of the sidelink resource

pools of the wireless communication system from one
transceiver to the other transceiver of the wireless
communication system; and

re-transmitting said data packet, if a PPPR value associ-

ated with said data packet or with data comprised in

said data packet indicates a high reliability, at least once

on another sidelink resource pool of the sidelink
resource pools of the wireless communication sys-
tem,

or, in case of carrier aggregation, on another component
carrier,

or on the same resource pool of the sidelink resource
pools of the wireless communication system, but on
different carriers,

when said computer program is run by a computer.

#* #* #* #* #*
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