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(57) ABSTRACT

A wireless communication system includes a plurality of
user devices, UE. At least some of the UEs are configured
for a sidelink communication. The wireless communication
system is configured to provide resources for the sidelink
communication among the UEs, the resources including a
plurality of sets of resources or resource pools, RPs. The
plurality of sets of resources or RPs includes at least a first
set of resources or RP and a second set of resources or RP,
the first set of resources or RP to be used for a transmission
over the sidelink of a first message having a first Quality-
of-Service, QoS, class, and the second set of resources or RP
to be used for a transmission over the sidelink of a second
message having a second QoS class, the first QoS class and
the second QoS class being different.
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SIDELINK RESOURCE POOL/BWP
ALLOCATION BASED ON QOS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of copending
International Application No. PCT/EP2019/079703, filed
Oct. 30, 2019, which is incorporated herein by reference in
its entirety, and additionally claims priority from European
Application No. 18203892.7, filed Oct. 31, 2018, which is
also incorporated herein by reference in its entirety.

[0002] The present invention relates to field of wireless
communication networks or systems, more specifically to
enhancements or improvements regarding a communication
over a sidelink. Embodiments of the present invention
concern different approaches for allocating resources for a
sidelink communication based on quality of service, QoS,
requirements associated with a communication over the
sidelink.

BACKGROUND OF THE INVENTION

[0003] FIG. 1 is a schematic representation of an example
of a terrestrial wireless network 100 including, as is shown
in FIG. 1(a), a core network 102 and one or more radio
access networks RAN,, RAN,, . . . RAN,. FIG. 1(b) is a
schematic representation of an example of a radio access
network RAN, that may include one or more base stations
gNB, to gNBy, each serving a specific area surrounding the
base station schematically represented by respective cells
106, to 1065. The base stations are provided to serve users
within a cell. The term base station, BS, refers to a gNB in
5G networks, an eNB in UMTS/LTE/LTE-A/LTE-A Pro, or
just a BS in other mobile communication standards. A user
may be a stationary device or a mobile device. The wireless
communication system may also 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, build-
ings and other items or devices having embedded therein
electronics, software, sensors, actuators, or the like as well
as network connectivity that enables these devices to collect
and exchange data across an existing network infrastructure.
FIG. 1(b) shows an exemplary view of five cells, however,
the RAN,, may include more or less such cells, and RAN,,
may also include only one base station. FIG. 1(5) 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, sche-
matically represent uplink/downlink connections for trans-
mitting 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;. Further,
FIG. 1(b) 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 schemati-
cally represented by arrow 112;,. The IoT device 110,
accesses the wireless communication system via the user
UE; as is schematically represented by arrow 112,. The
respective base station gNB, to gNB; may be connected to
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the core network 102, e.g. via the S1 interface, via respective
backhaul links 114, to 1145, which are schematically rep-
resented in FIG. 1(b) 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 the XN interface in NR, with each other via respective
backhaul links 116, to 1165, which are schematically rep-
resented in FIG. 1(b) by the arrows pointing to “gNBs”.

[0004] 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). For the uplink, the
physical channels may further include the physical random
access channel (PRACH or RACH) used by UEs for access-
ing the network once a UE synchronized and obtained the
MIB and SIB. The physical signals may comprise reference
signals or symbols (RS), synchronization signals and the
like. The resource grid may comprise a frame or radio frame
having a certain duration 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.
Each subframe may include two slots of 6 or 7 OFDM
symbols depending on the cyclic prefix (CP) length. A frame
may also include of a smaller number of OFDM symbols,
e.g. when utilizing shortened transmission time intervals
(sTTID) or a mini-slot/non-slot-based frame structure com-
prising just a few OFDM symbols.

[0005] 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.

[0006] The wireless network or communication system
depicted in FIG. 1 may by a heterogeneous network having
distinct overlaid networks, e.g., a network of macro cells
with each macro cell including a macro base station, like
base station gNB, to gNBy, and a network of small cell base
stations (not shown in FIG. 1), like femto or pico base
stations.

[0007] In addition to the above described terrestrial wire-
less network also non-terrestrial wireless communication
networks exist including spaceborne transceivers, like sat-
ellites, and/or airborne transceivers, like unmanned aircraft
systems. The non-terrestrial wireless communication net-
work or system may operate in a similar way as the
terrestrial system described above with reference to FIG. 1,



US 2021/0250957 Al

for example in accordance with the L'TE-Advanced Pro
standard or the 5G or NR, new radio, standard.
[0008] Inmobile communication networks, for example in
a network like that described above with reference to FIG.
1, like an LTE or 5G/NR network, there may be UEs that
communicate directly with each other over one or more
sidelink (SL) channels, e.g., using the PC5 interface. UEs
that communicate directly with each other over the sidelink
may include vehicles communicating directly with other
vehicles (V2V communication), vehicles communicating
with other entities of the wireless communication network
(V2X communication), for example roadside entities, like
traffic lights, traffic signs, or pedestrians. Other UEs may not
be vehicular related UEs and may comprise any of the
above-mentioned devices. Such devices may also commu-
nicate directly with each other (D2D communication) using
the SL channels.
[0009] When considering two UEs directly communicat-
ing with each other over the sidelink, both UEs may be
served by the same base station so that the base station may
provide sidelink resource allocation configuration or assis-
tance for the UEs. For example, both UEs may be within the
coverage area of a base station, like one of the base stations
depicted in FIG. 1.
[0010] This is referred to as an “in-coverage” scenario.
Another scenario 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, rather, it means that these UEs
[0011] may not be connected to a base station, for
example, they are not in an RRC connected state, so that
the UEs do not receive from the base station any sidelink
resource allocation configuration or assistance, and/or
[0012] may be connected to the base station, but, for one
or more reasons, the base station may not provide sidelink
resource allocation configuration or assistance for the UEs
[0013] may be connected to the base station, that may not
support NR V2X services, e.g. GSM, UMTS, LTE base
stations.
[0014] When considering two UEs directly communicat-
ing with each other over the sidelink, e.g. PC5, one of the
UEs may also be connected with a BS, and may relay
information from the BS to the other UE via the sidelink
interface. The relaying may be performed in the same
frequency band (in-band-relay) or using another frequency
band (out-of-band relay). In the first case, communication on
the Uu and on the sidelink may be decoupled using different
time slots as in time division duplex (TDD) systems.
[0015] FIG. 2 is a schematic representation of an in-
coverage scenario in which two UEs directly communicat-
ing with each other are both connected to a base station. The
base station gNB has a coverage area that is schematically
represented by the circle 200 which, basically, corresponds
to the cell schematically represented in FIG. 1. 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. Both vehicles 202, 204 are
connected to the base station gNB and, in addition, they are
connected directly with each other over the PC5 interface.
The scheduling and/or interference 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. In other words, the gNB provides SL.
resource allocation configuration or assistance for the UEs,
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and the gNB assigns the resources to be used for the V2V
communication over the sidelink. This configuration is also
referred to as a mode 1 configuration in NR V2X or as a
mode 3 configuration in LTE V2X.

[0016] FIG. 3 is a schematic representation of an out-of-
coverage scenario in which the UEs directly communicating
with each other are either not connected to a base station,
although they may be physically within a cell of a wireless
communication network, or some or all of the UEs directly
communicating with each other are to a base station but the
base station does not provide for the SL resource allocation
configuration or assistance. Three vehicles 206, 208 and 210
are shown directly communicating with each other over a
sidelink, e.g., using the PCS5 interface. The scheduling and/or
interference management of the V2V traffic is based on
algorithms implemented between the vehicles. This configu-
ration is also referred to as a mode 2 configuration in NR
V2X or as a mode 4 configuration in LTE V2X. As men-
tioned above, the scenario in FIG. 3 which is the out-of-
coverage scenario does not necessarily mean that the respec-
tive mode 4 UEs are outside of the coverage 200 of a base
station, rather, it means that the respective mode 4 UEs are
not served by a base station, are not connected to the base
station of the coverage area, or are connected to the base
station but receive no SL resource allocation configuration
or assistance from the base station. Thus, there may be
situations in which, within the coverage area 200 shown in
FIG. 2, in addition to the mode 3 UEs 202, 204 also mode
4 UEs 206, 208, 210 are present.

[0017] 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.

[0018] In the above-described scenarios of vehicular user
devices, UEs, a plurality of such user devices may form a
user device group, also referred to simply as group, and the
communication within the group or among the group mem-
bers may be performed via the sidelink interfaces between
the user devices, like the PC5 interface. Within the wireless
communication network or within a cell thereof, a plurality
of such groups may exist at the same time. While it is noted
that the communication within the group is via sidelink
communication, in case the group or at least some group
members thereof are in-coverage, this does not exclude that
also some or all of the group members communicate with
other entities outside the group via the base station or via the
sidelink. For example, the above-described scenarios using
vehicular user devices may be employed in the field of the
transport industry in which a plurality of vehicles being
equipped with vehicular user devices may be grouped
together, for example, by a remote driving application.

[0019] There may be different types of communication on
the sidelink. For example, in V2X scenarios there may be
three communication types, namely broadcast, groupcast
and unicast. FIG. 4 illustrates the different types of com-
munication on the sidelink for a V2X communication:

[0020] The groupcast, depicted in FIG. 4(a), is used for a
group communication within a group of UEs or vehicular
entities, like UE1 to UE4 illustrated in FIG. 4(a) forming
a group of UEs. The group communication within the
group may be used to exchange data, for example to allow
the respective UEs of the group to operate or function
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together in a closely linked manner, like in a platoon use
case. The groupcast may also be referred to a multicast.
[0021] The unicast, depicted in FIG. 4(b), is used by one
vehicle or UE, like UE1 in FIG. 4(5) to establish a direct
link exclusively with one other vehicle or UE, like UE2.
[0022] The broadcast, depicted in FIG. 4(c), is the legacy
mode of V2X communication in LTE where one UE, like
UE1 in FIG. 4(c) transmits and all UEs in the proximity,
like UE2 to UES, receive the signal or data from UE,. In
other words, vehicles or UEs in the proximity of the
transmitting UE receive or read or decode the broadcast
data. Typically, in LTE all vehicles are receiving/trans-
mitting messages periodically. Also aperiodic traffic may
be supported on LTE sidelinks, and is also supported on
NR sidelinks.
[0023] Other use cases in which a plurality of user devices
may be grouped together for a sidelink communication
among each other include, for example, factory automation
and electrical power distribution. In the case of factory
automation, a plurality of mobile or stationary machines
within a factory may be equipped with user devices and
grouped together for a sidelink communication, for example
for controlling the operation of the machine, like a motion
control of a robot. In the case of electrical power distribu-
tion, entities within the power distribution grid may be
equipped with respective user devices which, within a
certain area of the system may be grouped together so as to
communicate via a sidelink communication with each other
s0 as to allow for monitoring the system and for dealing with
power distribution grid failures and outages.
[0024] It is noted that the information in the above section
is only for enhancing the understanding of the background
of the invention and, therefore, it may contain information
that does not form conventional technology that is already
know to a person of ordinary skill in the art.

SUMMARY

[0025] According to an embodiment, a wireless commu-
nication system may have: a plurality of user devices, UEs,
wherein at least some of the UEs are configured for a
sidelink communication, wherein the wireless communica-
tion system is configured to provide resources for the
sidelink communication among the UEs, the resources
including a plurality of sets of resources or resource pools,
RPs, wherein the plurality of sets of resources or RPs
includes at least a first set of resources or RP and a second
set of resources or RP, the first set of resources or RP to be
used for a transmission over the sidelink of a first message
having a first Quality-of-Service, QoS, class, and the second
set of resources or RP to be used for a transmission over the
sidelink of a second message having a second QoS class, the
first QoS class and the second QoS class being different.

[0026] Another embodiment may have a user device, UE,
for a wireless communication system, the wireless commu-
nication system including one or more further user devices,
UEs, the UE being configured for a sidelink communication
with one or more of the further user devices, UEs, using
resources provided by the wireless communication system
for the sidelink communication among the UFEs, the
resources including a plurality of sets of resources or
resource pools, RPs, wherein the plurality of sets of
resources or RPs includes at least a first set of resources or
RP and a second set of resources or RP, wherein the UE is
to use the first set of resources or RP for a transmission over
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the sidelink of a first message having a first Quality-of-
Service, QoS, class, and the second set of resources or RP
for a transmission over the sidelink of a second message
having a second QoS class, the first QoS class and the
second QoS class being different.

[0027] According to another embodiment, a method for
operating a wireless communication system having a plu-
rality of user devices, UEs, wherein at least some of the UEs
are configured for a sidelink communication, may have the
steps of: providing resources for the sidelink communication
among the UEs, the resources including a plurality of sets of
resources or resource pools, RPs, wherein the plurality of
sets of resources or RPs includes at least a first set of
resources or RP and a second set of resources or RP, the first
set of resources or RP to be used for a transmission over the
sidelink of a first message having a first Quality-of-Service,
QoS, class, and the second set of resources or RP to be used
for a transmission over the sidelink of a second message
having a second QoS class, the first QoS class and the
second QoS class being different.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Embodiments of the present invention will be
detailed subsequently referring to the appended drawings, in
which:

[0029] FIG. 1(a) shows a schematic representation of an
example of a wireless communication system, showing
multiple radio access networks;

[0030] FIG. 1(b) shows a schematic representation of an
example of a wireless communication system, showing
multiple base stations;

[0031] FIG. 2 is a schematic representation of an in-
coverage scenario in which UEs directly communicating
with each other are connected to a base station;

[0032] FIG. 3 is a schematic representation of an out-of-
coverage scenario in which UEs directly communicating
with each other receive no SL resource allocation configu-
ration or assistance from a base station;

[0033] FIG. 4a illustrates a groupcast communication
within a group of UEs or vehicular entities;

[0034] FIG. 46 illustrates a unicast communication by one
vehicle or UE to establish a direct link with another vehicle
or UE;

[0035] FIG. 4¢ depicts a broadcast of a legacy mode of
V2X communication in LTE, where one UE transmits and
all other UEs in the proximity receive the signal;

[0036] FIG. 5 is a schematic representation of a wireless
communication system including a transmitter, like a base
station, and one or more receivers, like user devices, oper-
ating in accordance with the embodiments of the present
invention;

[0037] FIG. 6 illustrates an embodiment of the present
invention employing different resource pools, RPs for trans-
missions over a sidelink being associated with different QoS
classes;

[0038] FIG. 7 illustrates an embodiment of resource pools
configured in one bandwidth part BWP; and

[0039] FIG. 8illustrates an example of a computer system,
in which units or modules as well as the steps of method
described in accordance with the inventive approach may
execute.
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DETAILED DESCRIPTION OF THE
INVENTION

[0040] Embodiments of the present invention are now
described in more detail with reference to the accompanying
drawings in which the same or similar elements have the
same reference signs assigned.

[0041] In wireless communication systems or networks,
like those described above with reference to FIG. 1, FIG. 2
or FIG. 3, a sidelink communication among respective user
devices may be implemented, for example, a vehicle-to-
vehicle communication, V2V, a vehicle-to-anything com-
munication, V2X, or any device-to-device, D2D, commu-
nication among any user devices, for example among those
mentioned above. NR V2X may cover a diverse range of use
cases with stringent QoS requirements. Ranging from ultra-
reliable low latency communication to high data rates,
different use cases have associated therewith different QoS
or service requirements. Dependent on the actual QoS
requirements or QoS levels, the resources to be allocated for
a communication being associated with a certain QoS
requirement may differ. Due to the limited number of
resources and the need to support different QoS require-
ments, the QoS requirements or QoS levels need to be
considered when allocating resources for a sidelink com-
munication, like a NR sidelink. For example, when consid-
ering LTE V2X, the resource allocation procedure is mainly
based on the conventional methods or approaches consid-
ering the in-coverage scenario, supporting both a network
controlled resource allocation (mode 3 or mode 1) as well as
autonomous resource allocation (mode 4 or mode 2), and
out-of-coverage scenarios which are limited to an autono-
mous resource allocation (mode 4 or mode 2). The conven-
tional approach for allocating the resources includes a
logical channel prioritization procedure, which may be
applied in case a new transmission is performed, and each
sidelink logical channel may have associated a certain
priority or QoS class which refers to any kind of or any
combination of QoS metric per-bearer and/or per-packet.
[0042] For NR V2X, one or more resource pools may be
supported for a NR sidelink. A resource pool is a set of time
and frequency resources that may be used for sidelink
transmissions and/or receptions. A resource pool may
include continuous or non-continuous resources in time
and/or frequency. In other words, a resource pool may be a
set of resources including a plurality of contiguous or
non-contiguous resources across a frequency domain and
adjacent or non-adjacent across a time domain. The resource
pool may be inside the RF bandwidth of a UE, which is
known by a base station, like a gNB, and other UEs. A
resource pool may have a certain numerology that may be
indicated as part of a configuration or a pre-configuration of
the resource pool. When using a resource pool, a UE may
assume a single numerology in the pool. Multiple resource
pools may be configured to be used by a single UE in a given
carrier which may be configured or pre-configured.

[0043] A bandwidth part, BWP, may be used to define at
least a part of a resource pool, for example for a NR sidelink.
A BWP may be configured in a carrier from a system
perspective. An entire system bandwidth may be covered by
a single BWP. In accordance with other examples, a plurality
of BWPs may be configured, and a number of BWPs may be
restricted, with each BWP having a certain, possibly differ-
ent configuration. Different BWPs or a common BWP may
be employed for the transmission and for the reception. In
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accordance with examples, there may be at most one acti-
vated sidelink BWP for a UE in a given carrier, like in the
Uu case. In accordance with other examples, a sidelink BWP
switching may be implemented allowing the UE to use
different BWPs.

[0044] As mentioned above, QoS requirements for a com-
munication may be considered for a sidelink communica-
tion, and the QoS achievable for a sidelink communication
may depend on one or more of the priority, the latency, the
reliability, the minimum needed communication range, the
resource allocation, the congestion control and the power
control within the system. For example, the QoS manage-
ment may include the use of priority information in the
physical layer operation. For example, the PC5 QoS char-
acteristics associated with the PC5 5QI, the 5G QoS iden-
tifier, include the resource type, like GBR, delay critical
GBR or non-GBR, GBR=guaranteed slow bitrate, guaran-
teed throughput, the priority level, the packet delay budget,
the packet error rate, the average window for GBR and
delay-critical GBR resource types, the maximum data burst
volume for delay critical GBR resource type. A NR sidelink
may allow a unicast communication from a UE to another
UE, a groupcast communication or multicast communica-
tion from a UE to a plurality of other UEs, or a broadcast
communication from one UE to all UEs. For example,
higher layers may decide whether a unicast, groupcast or
broadcast transmission is to be used for a particular data
transfer and the physical layer is informed accordingly.
When considering a unicast or groupcast transmission, the
UE may determine which unicast or groupcast session a
transmission belongs to.

[0045] When considering the above-summarized
approaches, there may be certain problems or disadvantages
associated with a resource allocation, for example in situa-
tions, in which the number of users using the sidelink
resources is high so that a substantial number or all of the
resources available for the sidelink communication are used
by the current users. In such scenario, in which only a small
amount or no resources for the sidelink are available, a UE
wishing to transmit a message with a high QoS may be faced
with a situation in which this is not possible, despite the fact
that the QoS class is high, because there are simply not
enough or no resources available. Also for UEs that may
wish to transmit a message with a lower QoS level may
experience an undesired delay in situations in which sub-
stantially all resources are used as in such cases when
considering the QoS upon allocating resources, it may well
be that other messages are prioritized over the low QoS
message. This may be acceptable to a certain degree, how-
ever, it may lead to undesirable lengths of the delay in the
transmission.

[0046] The present invention provides improvements and
enhancements in a wireless communication system or net-
work addressing the above-described problems, namely
approaches for improving the resource allocation for a
sidelink communication. Embodiments of the present inven-
tion may be implemented in a wireless communication
system as depicted in FIG. 1, FIG. 2 or FIG. 3 including base
stations and users, like mobile terminals or IoT devices. FIG.
5 is a schematic representation of a wireless communication
system including a transmitter 300, like a base station, and
one or more receivers 302, 304, like user devices, UEs. The
transmitter 300 and the receivers 302, 304 may communi-
cate via one or more wireless communication links or
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channels 306a, 3065, 308, like a radio link. The transmitter
300 may include one or more antennas ANT, or an antenna
array having a plurality of antenna elements, a signal pro-
cessor 300q and a transceiver 3005, coupled with each other.
The receivers 302, 304 include one or more antennas
ANT, ;. or an antenna array having a plurality of antennas,
a signal processor 302a, 3044, and a transceiver 3025, 3045
coupled with each other. The base station 300 and the UEs
302, 304 may communicate via respective first wireless
communication links 3064 and 30654, like a radio link using
the Uu interface, while the UEs 302, 304 may communicate
with each other via a second wireless communication link
308, like a radio link using the PC5/sidelink (SL) interface.
When the UEs are not served by the base station, are not be
connected to a base station, for example, they are not in an
RRC connected state, or, more generally, when no SL
resource allocation configuration or assistance is provided
by a base station, the UEs may communicate with each other
over the sidelink (SL). The system or network of FIG. 5, the
one or more UEs 302, 304 of FIG. 5, and the base station 300
of FIG. 5 may operate in accordance with the inventive
teachings described herein.

Wireless Communication System

[0047] The present invention provides (see for example
claim 1) a wireless communication system, comprising:

[0048] a plurality of user devices, UEs, wherein at least
some of the UEs are configured for a sidelink commu-
nication,

[0049] wherein the wireless communication system is
configured to provide resources for the sidelink com-
munication among the UEs, the resources comprising a
plurality of sets of resources or resource pools, RPs,

[0050] wherein the plurality of sets of resources or RPs
includes at least a first set of resources or RP and a
second set of resources or RP, the first set of resources
or RP to be used for a transmission over the sidelink of
a first message having a first Quality-of-Service, QoS,
class, and the second set of resources or RP to be used
for a transmission over the sidelink of a second mes-
sage having a second QoS class, the first QoS class and
the second QoS class being different.

[0051] In accordance with embodiments (see for example
claim 2), the wireless communication system is configured
to use or implement the respective RPs for transmissions of
messages on the sidelink having a certain QoS class in case
one or more specific or predefined conditions are fulfilled.
[0052] In accordance with embodiments (see for example
claim 3), the wireless communication system is configured
to not allow a transmission of messages on the sidelink
having a certain QoS class in case one or more specific or
predefined conditions are fulfilled.
[0053] In accordance with embodiments (see for example
claim 4), the one or more specific or predefined conditions
include:
[0054] a current or predicted QoS traffic of a certain class
exceeds a configured or pre-configured threshold, and/or
[0055] one or more current or predicted network condi-
tions for the sidelink exceed a configured or pre-config-
ured threshold, and/or
[0056] one or more external or environmental conditions
exist, and/or
[0057] a minimum needed communication range, the
minimum needed communication range representing a
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communication range or a distance between the UEs

needed to meet or fulfill a certain QoS
[0058] In accordance with embodiments (see for example
claim 5), the one or more network conditions include a
current or predicted sidelink traffic load and/or a congestion
of the sidelink resources, and wherein the one or more
specific or predefined conditions include that the traffic load
and/or the congestion exceeds one or more configured
thresholds or one or more pre-configured thresholds.
[0059] In accordance with embodiments (see for example
claim 6), the traffic load is derived from the Channel Busy
Ratio, CBR, and/or the Channel Occupancy Ratio, CR.
[0060] In accordance with embodiments (see for example
claim 7), in case of a congestion situation, certain QoS
traffic, e.g., QoS classes with a priority lower than other QoS
classes, are excluded from a transmission on the sidelink.
[0061] In accordance with embodiments (see for example
claim 8), in case one or more of the external or environ-
mental conditions exists, e.g., an emergency situation, the
wireless communication system is configured to limit access
to the sidelink resources to predefined QoS classes, e.g.,
only to the highest or the two or three highest QoS classes.
[0062] In accordance with embodiments (see for example
claim 9), a value for the threshold is pre-configured or is set
by a network operator
[0063] In accordance with embodiments (see for example
claim 10), the wireless communication system is configured
to associate resources to the respective RPs dependent on a
traffic distribution per QoS class or on a percentage of the
QoS classes in the traffic.
[0064] In accordance with embodiments (see for example
claim 11), the wireless communication system is configured
to monitor the one or more specific or predefined conditions,
e.g., a certain load condition or congestion condition, prior
to preparing a transmission of a message having a certain
QoS class, and to allow the transmission in case the one or
more specific or predefined conditions are fulfilled.
[0065] In accordance with embodiments (see for example
claim 12), the wireless communication system is configured
to run one or more applications, each application configured
to provide a service with a predefined or requested Quality-
of-Service, QoS, class.
[0066] In accordance with embodiments (see for example
claim 13), the wireless communication system is configured
to map a QoS class to one or more of the RPs such that
messages or packets with the first QoS class, which is higher
than the second QoS class, use one or more predefined or
prioritized RPs from the plurality of the RPs.
[0067] In accordance with embodiments (see for example
claim 14), the wireless communication system is configured
to map a QoS class to one of the plurality of the RPs such
that the higher the QoS of an entity (e.g., a QoS bearer, a
message or a packet) is the more RPs are allocated, so that
a delay for accessing an RP may be minimized for the high
QoS due to the high number of accessible RPs.
[0068] In accordance with embodiments (see for example
claim 15), the wireless communication system is configured
to map a highest QoS class to all or some RPs to be
allocated, and to map a lowest QoS class to a limited number
of RPs.
[0069] In accordance with embodiments (see for example
claim 16), the wireless communication system is configured
to map
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[0070] the first QoS class, which is higher than the second
QoS class, such that some or all RPs in one or multiple
bandwidth parts, BWPs are accessed,

[0071] any further QoS class such that all RPs are
accessed, optionally excluding any RP exclusively
reserved for first QoS class

[0072] In accordance with embodiments (see for example

claim 17), the wireless communication system is configured

to provide a plurality of first RPs to be exclusively used for
the first QoS class only.

[0073] In accordance with embodiments (see for example

claim 18), the wireless communication system is configured

to provide the plurality of first RPs with limited resources,

e.g., to be used for emergency or critical communications

only.

[0074] In accordance with embodiments (see for example

claim 19), the wireless communication system is configured

to provide the plurality of first RPs with a high periodicity.

[0075] In accordance with embodiments (see for example

claim 20), in case all resources from the one or more first

RPs are used, the wireless communication system is con-

figured to

[0076] increase size of the first RP, and/or
[0077] reserve the second RP for the first QoS class, and/or
[0078] wuse a further RP within the same or a different

bandwidth part, BWP

[0079] In accordance with embodiments (see for example
claim 21), for x QoS classes, x being an integer, and QoS
class x is the highest QoS class, QoS class x-1 is the second
highest QoS class, and QoS class 0 is the lowest QoS class,
and for y RPs, y being an integer and y>x, the wireless
communication system is configured to map the QoS classes
to the RPs as follows:

QoS class Access to RP #
X all y RPs, where one RPs may be
exclusively reserved for QoS class x
x-1 y-1 RPs
x-2 y-2 RPs
0 y-x RPs
[0080] In accordance with embodiments (see for example

claim 22), to map the QoS classes to the RPs, the wireless
communication system is configured to consider one or
more of the following factors:

[0081] a current QoS class load/usage/distribution,
[0082] traffic conditions/congestion,

[0083] external/environmental conditions,

[0084] a minimum needed communication range, which

may represent a communication range or a distance

between the UEs needed to meet or fulfill a certain QoS.
[0085] In accordance with embodiments (see for example
claim 23), depending on the sidelink conditions or a traffic
condition on the sidelink, the wireless communication sys-
tem is configured to maintain the minimum communication
range for one or more first QoS classes and reduce the
minimum communication range for one or more second QoS
classes being lower than the first QoS classes.
[0086] In accordance with embodiments (see for example
claim 24), the wireless communication system is configured

Aug. 12,2021

to change a mapping or the QoS classes to the RPs, wherein

changing the mapping may be assisted by the UE or by the

network.

[0087] In accordance with embodiments (see for example

claim 25), in case of network assisted changing of the

mapping, the wireless communication system is configured
to change one or more network/preconfigured configurations
as follows:

[0088] use a pre-configuration of RPs, e.g., as defined for
UEs being offline from the network or out-of-coverage,

[0089] perform a network assisted change of the mapping
on a long term basis, e.g., responsive to a RRC configu-
ration that changes once the network sends a re-configu-
ration.

[0090] perform a gNB assisted change of the mapping,
where the AS information, e.g., activation and deactiva-
tion, is updated by the gNB frequently so that the gNB
may define or redefine the mapping tables.

[0091] In accordance with embodiments (see for example

claim 26), in case of UE assisted changing of the mapping,

the UE is configured to override the network/gNB/pre-
configured mapping and to autonomously change the map-
ping according to one or more of the following factors:

[0092] a current QoS class load/usage/distribution,
[0093] traffic conditions/congestion,

[0094] external/environmental conditions,

[0095] a minimum needed communication range, which

may represent a communication range or a distance

between the UEs needed to meet or fulfill a certain QoS.
[0096] In accordance with embodiments (see for example
claim 27),

[0097] the wireless communication system is config-
ured to set a minimum needed communication range,
which represents a communication range or a distance
between the UEs needed to meet or fulfill a certain
QoS, and

[0098] dependent on the set minimum needed commu-
nication range associated with the respective QoS
classes, the wireless communication system is config-
ured to adjust the transmit power, e.g., by reducing/
increasing a maximum or a minimum transmit power
dependent on a current setting of the minimum
requested communication range.

[0099] In accordance with embodiments (see for example
claim 28),

[0100] at least some of the UEs performing a sidelink
communication form a group of UEs, and the wireless
communication system is configured to provide the
plurality of RPs for a groupcast communication among
the UEs of the group, and

[0101] wherein the QoS class to RP mapping is man-
aged by a leader UE of the group or by a clustering head
or by a scheduling UE is conveyed to leader UE via
network control information.

[0102] In accordance with embodiments (see for example
claim 29), the mapping and instructions to access the RPs
related to the QoS class are conveyed to the member UEs of
the group via sidelink control information.

[0103] In accordance with embodiments (see for example
claim 30),

[0104] the RPs and the needed QoS for a certain ser-
vices are conveyed to the leader UE via the network or
the base-station or the upper-layers or as a pre-configu-
ration, and
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[0105] the leader UE is to distribute the mapped RPs to
the member UEs of the group, wherein information
between the leader UE and member UEs of the group
may be conveyed by layer 1 signaling or by upper layer
signaling, e.g., using RRC messages.

[0106] In accordance with embodiments (see for example
claim 31), for adapting the mapping to changing network
conditions, the leader UE periodically updates the group
members, e.g., if a channel quality, like CQI, falls below a
certain threshold, to maintain the QoS the leader UE may
initiate, e.g., packet duplication and/or increase the transmit
power within the group.

[0107] In accordance with embodiments (see for example
claim 32), in case the group of UEs is completely out of
coverage, the scheduling UE autonomously is configured to
decide the mapping, e.g., using QoS information carried
over the Physical Sidelink Channels, like the over Sidelink
Control Channel in the Sidelink Control Information, by the
leader UE to the member UEs.

[0108] In accordance with embodiments (see for example
claim 33), in case a reliability and/or latency requirement is
are not met, the leader UE is to instruct the member UEs to
select more than one RP associated with the target QoS to be
used for data duplication or wider band transmission.
[0109] In accordance with embodiments (see for example
claim 34), during an occurrence of a handover, the leader UE
is allowed to access a common RP, e.g., an exceptional pool,
to distribute resources among the member UEs and to
inform the member UEs about the handover and the possibly
the new associated RP to be used.

[0110] In accordance with embodiments (see for example
claim 35), the mapping of the RPs to the QoS classes is
based on a bitmap identifying the RP within one or multiple
bandwidth part(s), BWP, wherein the BWP may have one
component carrier or multiple component carriers

[0111] In accordance with embodiments (see for example
claim 36), in the case the UEs are out of coverage, the RP
is configured either via an UE hardcoded configuration or a
RRC-pre-configuration.

[0112] In accordance with embodiments (see for example
claim 37), the sets of resources include resources, like
resource elements or resource blocks, adjacent or non-
adjacent across frequency, and contiguous or non-contigu-
ous across time.

[0113] In accordance with embodiments (see for example
claim 38), the sets of resources include resources of the same
numerology or a plurality of groups of resources having
different numerologies, like different subcarrier spacings,
different slot lengths or different number of supported chan-
nels.

[0114] In accordance with embodiments (see for example
claim 39), the subset of resources define respective resource
pools or mini resource pools or a sub-pools.

[0115] In accordance with embodiments (see for example
claim 40), the plurality of UEs comprises one or more
in-coverage UEs and/or one or more out-of-coverage UEs.
[0116] In accordance with embodiments (see for example
claim 41), the UE comprises one or more of a mobile
terminal, or stationary terminal, or cellular IoT-UE, or
vehicular UE, or an IoT or narrowband IoT, NB-IoT, device,
or a ground based vehicle, or an aerial vehicle, or a drone,
or a moving base station, or road side unit, or a building, or
any other item or device provided with network connectivity
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enabling the item/device to communicate using the wireless
communication network, e.g., a sensor or actuator.

[0117] In accordance with embodiments (see for example
claim 42), the base station comprises one or more of a macro
cell base station, or a small cell base station, or a central unit
of a base station, or a distributed unit of a base station, or a
road side unit, or a UE, or a remote radio head, or an AMF,
or an SMF, or a core network entity, or a network slice as in
the NR or 5G core context, or any transmission/reception
point, TRP, enabling an item or a device to communicate
using the wireless communication network, the item or
device being provided with network connectivity to com-
municate using the wireless communication network.

Method

[0118] The present invention provides (see for example
claim 43) a method for operating a wireless communication
system having a plurality of user devices, UEs, wherein at
least some of the UEs are configured for a sidelink com-
munication, the method comprising:

[0119] providing resources for the sidelink communi-
cation among the UEs, the resources comprising a
plurality of sets of resources or resource pools, RPs,

[0120] wherein the plurality of sets of resources or RPs
includes at least a first set of resources or RP and a
second set of resources or RP, the first set of resources
or RP to be used for a transmission over the sidelink of
a first message having a first Quality-of-Service, QoS,
class, and the second set of resources or RP to be used
for a transmission over the sidelink of a second mes-
sage having a second QoS class, the first QoS class and
the second QoS class being different.

Computer Program Product

[0121] Embodiments of the present invention provide a
computer program product comprising instructions which,
when the program is executed by a computer, causes the
computer to carry out one or more methods in accordance
with the present invention.
[0122] Embodiments of the present invention provide
various approaches or aspects for improving the resource
allocation for transmissions over a sidelink in a wireless
communication system. In accordance with embodiments of
the present invention, the following definitions may be
applied:

[0123] Vehicle: This term is not limited to a vehicular
entity or user entity, but includes any entity involved in a
D2D/sidelink communication, for example an entity built
in a vehicle, a pedestrian UE, a non-vehicular UE, an
aerial UE, an IoT device and the like.

[0124] Communication types: The communication types
in V2X, namely broadcast, groupcast and unicast, dis-
cussed above with reference to FIG. 4.

[0125] QoS class: The QoS class, also referred to as QoS
characteristics or QoS parameters, refers to any kind
and/or combination of QoS metrics per bearer and/or per
packet. The QoS characteristics/QoS parameters may
include one or more of the following:

[0126] For LTE: a latency, like the PPPP (PPPP=ProSe
Per-Packet Priority), or a reliability, like the PPPR
(PPPR=ProSe Per-Packet Reliability),

[0127] For NR: the PC5 QoS characteristics associated
with the PC5 5Q1, like
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[0128] the resource type, GBR, delay critical GBR or
non-GBR,
[0129] priority level, for example for IRAT

(IRAT=Inter-Radio Access Technology) the priority
level matches the range of the LTE-based PPPP and is
close to the definition of PPPP in LTE. For example, the
LTE based PPPP can be mapped to the NR based
priority in case to IRAT (LTE and NR) based V2X,

[0130] packet delay budget,
[0131] packet error rate,
[0132] averaging window for GBR and delay-critical

GBR resource types,
[0133] maximum data burst volume for delay-critical
GBR resource type.

Minimum Needed Communication Range

[0134] For groupcast a minimum needed communica-
tion range may be used and defines a distance of
vehicles within the same group.

[0135] For unicast the minimum needed communica-
tion range may be a communication distance between
the two involved UEs.

[0136] The distance may be the radio distance, measured,
for example in RSSI (Received Signal Strength Indicator),
RSRP (Reference Signal Received Power), RSRQ (Refer-
ence Signal Received Quality) or any other pathloss param-
eter, or it may be the physical distance to a geographical
location Within the minimum needed communication range
a defined reliability and/or latency is expected to be
achieved

[0137] Resource Pool (RP) or Physical Resource Pool: A

time/frequency based resource.

[0138] One or more multiple RPs may be associated with
a bandwidth part, BWP. A vehicle UE may be configured to
use one or more BWPs and/or one or more RPs.

[0139] The different RPs may be associated with one or
more different communication types, for example

[0140] one or more separate resource pools may be
employed for each communication type, namely broad-
cast, groupcast and unicast,

[0141] for the groupcast and for the unicast one or more
common resource pools may be used, the common
resource pools being different or separate from the one
or more resource pools used for the broadcast,

[0142] all communication types use the same one or
more resource pools, i.e., one or more resources pools
are provided for the sidelink communication and the
resources are employed for broadcast, groupcast or
unicast.

[0143] In accordance with embodiments of the present
invention, to address problems encountered in conventional
approaches, a QoS based resource allocation considering the
QoS metrics and communication types is taught. In accor-
dance with embodiments, a QoS class may be mapped to one
or more RPs. This is advantageous as it allows packets or
messages having a higher QoS class than other messages to
use prioritized RPs. For example, the higher the QoS class
is the more RPs may be allocated with a minimum delay.
This is advantageous as the highest QoS class may employ
some or all of the RPs for allocating resources, while the
lowest QoS class has imposed the strictest limitation and
may employ only a limited number of RPs. For example, a
highest QoS class may access some or all RPs, for example
in one or more multiple BWPs, while a second highest QoS
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class may access all RPs excluding the RP exclusively
reserved for the highest QoS. For example, one or more RPs
may be exclusively allowed to be used only for the highest
QoS class or the highest QoS classes, like highest two or
highest third QoS classes. The exclusive RPs may provide
limited resources that may be used, for example, for emer-
gency or other critical communication only which may need
limited data rates.

[0144] FIG. 6 illustrates an embodiment of the present
invention employing different resource pools, RPs, for trans-
missions over a sidelink being associated with different QoS
classes. FIG. 6 illustrates the sidelink resources, namely the
time/frequency resources provided by the wireless commu-
nication system for communications over the sidelink, and
within these sidelink resources a plurality of resource pools
are defined. In the embodiment of FIG. 6, three resource
pools RP1 to RP3 are shown. Resource pool RP1 may be
used for transmissions over the sidelink having the highest
QoS class, while the resources in RP2 may be used for
transmissions having lower QoS classes, like the second
highest QoS class. A third resource pool RP3 may be
provided for transmissions having the lowest QoS class. As
may be seen from FIG. 6, the resource pools may be
continuous in time/frequency, like RP1 and RP2, or non-
continuous in time/frequency, like RP3.

[0145] FIG. 7 illustrates an embodiment of resource pools
configured in one bandwidth part BWP. In an upper part of
the BWP the resource pools RP1 and RP2 are located, and
in the lower part of the BWP the resource pools RP3 and
RP4 are located. For example, when considering the lower
part of the bandwidth part, more specifically the part includ-
ing resource pools RP3 and RP4, FIG. 7 illustrates an
embodiment using multiple small-sized RPs, namely RP4,
which may be applicable for the highest QoS. In accordance
with embodiments, RP4 may either preempt or reserve the
resources from RP3. In accordance with embodiments, in
case transmissions associated with a highest QoS class are
ongoing, a size of a RP associated with this class may be
increased, or a second RP for example the RP used for the
next highest QoS class, may be reserved also for the highest
QoS class, or a RP within a different BWP may be used.

[0146] In accordance with embodiments, the mapping of
the QoS to an RP index, RP,, within a BWP index, BWP,,
may be expressed as follows:

QoS,=f(BWP,, RP,) (D

where, Q=f(B, R) is a mapping function such that f*
(Q)={B, R} exists. For only one BWP, this applies:

QoS,=f(RP,) @

where, Q=f(R) is a mapping function such that f~* (Q)=R
exists.

[0147] For example, when assuming x QoS classes, with
[0148] x=highest QoS class,

[0149] x-1=second highest QoS class,

[0150]

[0151] O=lowest QoS class, and

when considering y V2X RPs, that may be within a band-
width part, with y>x or y=x, the association of resource
pools and QoS classes may be as shown in the following
table.
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QoS class Access to RP # (optional: within BWP)

X all y RPs, where one RPs may be
exclusively reserved for QoS class x

x-1 y-1 RPs

Xx-2 y-2 RPs

0 y-x RPs

[0152] In accordance with the embodiment depicted in
Table 1, the highest QoS class x may access ally RPs, and
one or more RPs may be reserved for exclusive use for the
QoS class x. The second highest QoS class x-1 may access
y-1 RPs and so on.

[0153] For example, when considering 10 QoS classes
with class 0 having the highest priority and class 9 having
the lowest priority, and a total of 10 RPs within the band-
width part the association of the QoS classes and the RPs
may be as shown in the table below.

Access to RP #

QoS class (optional: within BWP)

0 (highest prio) 0 to 9 (unlimited)

1 1to 9 (as RP O reserved
for QoS class 0 only

2 2t09

9 (lowest prio) 9 only

[0154] In Table 2, the highest QoS class 0 has access to all
RPs 0-9, i.e., unlimited access, and RP 0 may be reserved for
the QoS class 0 only. The second highest QoS class 1 may
access RP 1 to RP 9, and the third highest QoS class 2 may
only access RP2 to RP9. The QoS class 0 having the lowest
priority may only access the RP 9. Thus, in accordance with
the embodiment described above with reference to Tables 1
and 2, dependent on the priority associated with a certain
class the number of accessible RPs decreases with a
decrease in the priority. Among the RPs, for one or more
QoS classes, like the highest one or the highest one and the
second highest one, a certain RP may be reserved that may
not be accessed by communications having associated lower
QoS classes. Stated differently, the above-mentioned QoS
classes may include so-called a combined or similar QoS
class in which one or more QoS classes, like a highest and
a second highest QoS class, are combined, which may
reduce the complexity.

[0155] The above-described embodiments suggest associ-
ating respective resource pools or sets of resources for a
sidelink communication to certain QoS classes which is
advantageous as it ensures that for higher QoS classes
sufficient resources are available that are not used up by
lower QoS classes as they are restricted to a lower number
of RPs as explained above with reference to Tables 1 and 2.
While this embodiment is advantageous as it ensures that
transmissions with a high QoS class are reliably allocated
with resources for the transmission, in case the load or the
traffic is low in the system, restricting lower QoS messages
to a certain resource pool may leave other resources that are
located in resource pools not accessible for such transmis-
sions unused. For example, in case there are not any or only
a low number of the high QoS class transmissions, a
substantial number of resources located in the reserved
resource pool for such resources remain unused.
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[0156] Therefore, in accordance with further embodi-
ments, the above-described concept of assigning resource
pools to certain quality of class transmissions may be
employed in case a traffic situation or load situation involves
this, for example in case the traffic or load, like the conges-
tion in the system or on the SL, exceeds a certain level of
threshold. In other words, the association of QoS traffic to a
resource pool only applies when the traffic load exceeds one
or more configured thresholds or one or more pre-configured
thresholds, also referred to as load thresholds. As long as the
load threshold(s) are not exceeded the association QoS
traffic on resource pool does not apply. For example, in case
the system determines that the number of transmissions is
below a certain threshold, all resources from all resource
pools may be made available for a transmission independent
of the QoS class. However, once the system gets congested,
i.e., more UEs communicate over the sidelink, or in case a
certain event occurs, like an emergency situation or the need
to transmit a highly critical message, like in a platooning
scenario, the system may employ the above scheme and
allow access to certain resource pools only for certain
messages, like emergency messages or the like. In other
words, in accordance with further embodiments, the map-
ping and/or association of the QoS traffic to the respective
RPs, also referred to as the QoS class RP mapping, may be
applied dependent on specific conditions, responsive to
which the QoS class RP mapping may be initiated. In the
following, embodiments initiating the QoS class RP map-
ping are described.
[0157] In accordance with an embodiment, a current QoS
class usage or traffic load may be considered. For example,
one or more thresholds with regard to the usage or the load
in the system may be set, for example, by the network
operator, or may be pre-configured so that once these
thresholds are exceeded the QoS class RP mapping as
described above may be initiated.
[0158] In accordance with another embodiment, a current
or future sidelink traffic or usage or load of a specific RP may
be considered. For example, the traffic load may be derived
from the channel busy ration, CBR, and/or the channel
occupancy ratio, CR. One or more thresholds with regard to
the sidelink traffic conditions may be set, for example, by the
network operator, or may be pre-configured, so that once
these thresholds are exceeded, for example in case a specific
RP traffic or a traffic on the sidelink exceeds the thresholds,
the QoS class RP mapping may be initiated. The future
sidelink traffic or future specific RP traffic may be predicted
using different prediction functionalities.
[0159] In accordance with yet other embodiments, the
traffic distribution per QoS class may be considered for
initiating the QoS class RP mapping. For example, the
association or mapping of QoS class traffic to RPs may be
derived from the distribution or percentage of a certain QoS
class traffic. For example, the following distribution of a
current or future traffic may be assumed:
[0160] the percentage of the highest QoS priority class in
the communication may be 30%,
[0161] the percentage of the 2" highest QoS priority class
in the communication may be 20%,
[0162] In such a case, the following QoS class RP map-
ping may be applied. At least 30% of the resources available
for the sidelink may be associated with a high priority set of
resource pool(s) to be used by the highest QoS priority class
only, in case QoS class RP mapping is initiated. A least 20%
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of the resources may be mapped to the second highest QoS
priority class, in case QoS class RP mapping is initiated. The
remaining lower priority classes may share the remaining
resources, i.e., the remaining 50% of the resources. Option-
ally, two or more priority classes, like the highest and the
second highest class or the second highest and the third
highest class, may share a common set of reserved
resources. In accordance with embodiments, thresholds, like
the threshold(s) for the load, the traffic conditions and the
like, as discussed above, may be used to control the asso-
ciation of QoS traffic to the resource pools.
[0163] In accordance with further embodiments, the net-
work traffic conditions or the network congestion may be
employed to decide whether the QoS class RP mapping is to
be initiated or not. For example, one or more thresholds with
regard to the network traffic may be set up, for example by
an operator, or may be pre-configured so that responsive to
exceeding such thresholds, the QoS class RP mapping may
be initiated. For example, in case of a certain congestion
level, a more restrictive mapping may apply, for example
QoS classes with low or lower priority may even be tem-
porarily excluded from transmissions.
[0164] In accordance with other embodiments, external or
environmental conditions are considered for deciding about
the QoS class RP mapping. For example, in case of an
emergency, access to resources may be limited to the highest
or to the second and third highest QoS classes only.
[0165] In accordance with embodiments the minimum
needed communication range may be considered for
employing the QoS RP mapping. Dependent on the sidelink
or traffic conditions, a minimum communication range for
the lower QoS classes may be restricted, while the minimum
communication range stays the same or remains unchanged
for higher QoS classes.

[0166] Inaccordance with embodiments, the QoS class RP

mapping may be assisted or supported by the network or by

the UE. For example, responsive to meeting one of the
above-described conditions, the network entities may con-
figure the mapping as follows:

[0167] Use a pre-configuration, e.g., in case the network is
offline or in case of an out-of-coverage scenario, for the
QoS class RP mapping, like pre-configured RPs and a
pre-configured mapping of QoS classes to such RPs.

[0168] Use a network assisted activation using an RRC
configuration that may be applied once the network sends
a re-configuration message.

[0169] Use gNB assisted activation using a configuration
defined by the gNB and AS information for the activation
and deactivation. This allows the gNB to update the
configuration.

[0170] In case of a UE assisted configuration, the UE may
override the network/gNB/pre-configured configuration by
changing the configuration autonomously, for example
responsive to one or more of the above-described conditions
responsive to which the QoS class RP mapping is to be
initiated.

[0171] In accordance with embodiments of the present

invention, the permission to access a resource pool is

implicitly provided using the above-described mechanisms,

i.e., once the QoS class RP mapping is initiated, the access

to a certain resource pool is allowed in case a QoS class of

a packet to be transmitted matches the QoS class for which

the RP is to be used. The QoS based resource allocation

procedures may deny access to the network and/or to
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network resources, for example to one or any resource pool
for a sidelink or a Uu link in case a RP access permission
threshold is exceeded, which may be predefined or pre-
configured. The threshold may be used to supervise or
monitor the load condition prior to allowing/configuring/
setting up a new data transmission/data packet/link. This
may be performed prior to starting the resource allocation
procedure including the sensing. A current load, for
example, based on the CBR, is compared with the admission
control threshold considering the QoS class of the data to be
transmitted. For example, dependent on a pre-configured
value x starting from the lowest QoS class to higher QoS
classes, traffic flows with the lowest x QoS classes may be
restricted from accessing the link or the cell or the network.
In one scenario, only the highest QoS class is admitted to ask
for resources, in case the threshold is exceeded.

[0172] In accordance with other embodiments, rather than
using a single threshold also multiple thresholds may be
applied so that for different levels of traffic flow, with an
increase in traffic, a lower number of QoS classes may get
the admission to ask for resources.

[0173] In accordance with yet other embodiments, depen-
dent on the time the admission control is exceeded, more
QoS classes may be denied from accessing the resources or
the network. The admission control may support QoS man-
agement, for example a V2X service may only be activated
when the needed QoS may be fulfilled.

[0174] In accordance with further embodiments, the QoS
based resource pools may be associated with the transmit
power. For example, in addition to the QoS based RP
configuration as described above, the resource pool may be
further impacted by the minimum needed communication
range parameter. Dependent on a minimum needed commu-
nication range, the transmit power may be optimized. For
example, the maximum transmit power may be reduced or
increased dynamically dependent on the current setting of
the minimum requested communication range. This includes
the setting of the sidelink specific transmit power reduction
parameter.

[0175] In the following, embodiments for group commu-
nication or groupcast are described. For a groupcast, it is
typically assumed that a group leader UE or a scheduling UE
exists, and the QoS class to RP mapping may be managed by
the leader or scheduling UE and may be conveyed to the
scheduling UE via the network control information. The
mapping and instructions to access the RPs related with a
certain QoS class may be conveyed to the member UEs via
the sidelink control information, SCI. In accordance with
embodiments, resource pools for the needed QoS of a certain
service may be conveyed to the scheduling UE via the
network or via the base station or via upper layers or as a
pre-configuration. The scheduling UE may distribute the
mapped resource pools to the group members and informa-
tion between the scheduling UE and the group members may
be conveyed by layer 1 signaling or upper layer signaling,
like RRC messages.

[0176] For adapting to changing network conditions, in
accordance with embodiments, the scheduling may periodi-
cally update the group members. In case the channel quality,
like the CQ, falls below a certain threshold, to maintain the
QoS, the scheduling UE may initiate for example packet
duplication and/or may increase the transmit power within
the group.
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[0177] In case the group of UEs is completely in an
out-of-coverage scenario, the scheduling UE may autono-
mously decide the QoS class RP mapping or may use a
pre-configured configuration for this mapping. The needed
QoS information may be carried over the physical sidelink
channels, like the sidelink control channel in the sidelink
control information by the scheduling UE to the other group
members. For example, in case the reliability and/or latency
requirements are not met, the scheduling UE may instruct
the group members to select more than one resource pool
associated with a target QoS to be used for the data dupli-
cation or wideband transmission. For example, in case the
number of resource pools available for the application or the
wider band transmission is not sufficient, the scheduling UE
may remap the remaining pools to the needed QoS. For the
remapped resource pools, the scheduling UE may instruct
the group members once again by those remapped resource
pools.

[0178] In accordance with further embodiments, during
the occurrence of a handover, a group leader UE or sched-
uling UE may be allowed to access a common pool, for
example an exceptional pool, and distribute the resources
among the group members. The UE may inform, for
example, the group members about the handover and the
possibly new associated RP to be used.

[0179] In accordance with yet further embodiments, the
QoS class RP mapping may be based on the NR numerolo-
gies. For example, mapping of the RPs to the bit index may
be based on the quality of service. For example, FIG. 7
illustrates the mapping of the RPs to the bit index, more
specifically the bitmap used to identify within the BWP. In
FIG. 7 the bitmap for RP1 and the bitmap for RP2 which are
located in the upper part of the BWP indicate that the
resource pools RP1 and RP2 are separate from each other.
On the other hand, the resource pool RP3 includes the entire
lower part of the bandwidth part as illustrated by the bitmap
for RP3, however, within this part some resources are
preempt or reserved as RP4 as indicated by bitmap RP4 in
FIG. 7. The BWP may have one component carrier or
multiple component carriers. In case of an out-of-coverage
scenario, the resource pool may be configured either via the
UE hardcoded configuration or via an RRC pre-configura-
tion.

[0180] In some of the embodiments described above,
reference has been made to respective vehicles being either
in a mode in which SL resource allocation configuration or
assistance is provided by a base station, e.g., the connected
mode, also referred to as mode 1 or mode 3 configuration,
or vehicles being in a mode in which when no SL resource
allocation configuration or assistance is provided by a base
station, e.g., the idle mode, also referred to as mode 2 or
mode 4 configuration. However, the present invention is not
limited to V2V communications or V2X communications,
rather it is also applicable to any device-to-device commu-
nications, for example non-vehicular mobile users or sta-
tionary users that perform a sidelink communication, e.g.,
over the PC5 interface. Also, in such scenarios, the inventive
aspects described above may be employed.

[0181] In accordance with embodiments, the wireless
communication system may include a terrestrial network, or
a non-terrestrial network, or networks or segments of net-
works using as a receiver an airborne vehicle or a space-
borne vehicle, or a combination thereof.
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[0182] In accordance with embodiments, a receiver may
comprise one or more of a mobile or stationary terminal, an
IoT device, a ground-based vehicle, an aerial vehicle, a
drone, a building, or any other item or device provided with
network connectivity enabling the item/device to commu-
nicate using the wireless communication system, like a
sensor or actuator. In accordance with embodiments, a
transmitter may comprise one or more of a macro cell base
station, or a small cell base station, or a spaceborne vehicle,
like a satellite or a space, or an airborne vehicle, like a
unmanned aircraft system (UAS), e.g., a tethered UAS, a
lighter than air UAS (LTA), a heavier than air UAS (HTA)
and a high altitude UAS platforms (HAPs), or any trans-
mission/reception point (TRP) enabling an item or a device
provided with network connectivity to communicate using
the wireless communication system.

[0183] 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.

[0184] 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. 8 illustrates an example of
a computer system 600. The units or modules as well as the
steps of the methods performed by these units may execute
on one or more computer systems 600. The computer system
600 includes one or more processors 602, like a special
purpose or a general purpose digital signal processor. The
processor 602 is connected to a communication infrastruc-
ture 604, like a bus or a network. The computer system 600
includes a main memory 606, e.g., a random-access memory
(RAM), and a secondary memory 608, e.g., a hard disk drive
and/or a removable storage drive. The secondary memory
608 may allow computer programs or other instructions to
be loaded into the computer system 600. The computer
system 600 may further include a communications interface
610 to allow software and data to be transferred between
computer system 600 and external devices. The communi-
cation may be in the from 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 612.

[0185] 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 600. The computer programs, also referred
to as computer control logic, are stored in main memory 606
and/or secondary memory 608. Computer programs may
also be received via the communications interface 610. The
computer program, when executed, enables the computer
system 600 to implement the present invention. In particular,
the computer program, when executed, enables processor
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602 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 600. Where the disclosure is implemented
using software, the software may be stored in a computer
program product and loaded into computer system 600 using
a removable storage drive, an interface, like communica-
tions interface 610.

[0186] 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.

[0187] 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.

[0188] 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.

[0189] 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.

[0190] 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.

[0191] 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 are performed by any hard-
ware apparatus.

[0192] While this invention has been described in terms of
several advantageous embodiments, there are alterations,
permutations, and equivalents, which fall within the scope of
this invention. It should also be noted that there are many
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alternative ways of implementing the methods and compo-
sitions of the present invention. It is therefore intended that
the following appended claims be interpreted as including
all such alterations, permutations, and equivalents as fall
within the true spirit and scope of the present invention.

1. A wireless communication system, comprising:

a plurality of user devices, UEs, wherein at least some of
the UEs are configured for a sidelink communication,

wherein the wireless communication system is configured
to provide resources for the sidelink communication
among the UEs, the resources comprising a plurality of
sets of resources or resource pools, RPs,

wherein the plurality of sets of resources or RPs com-
prises at least a first set of resources or RP and a second
set of resources or RP, the first set of resources or RP
to be used for a transmission over the sidelink of a first
message comprising a first Quality-of-Service, QoS,
class, and the second set of resources or RP to be used
for a transmission over the sidelink of a second mes-
sage comprising a second QoS class, the first QoS class
and the second QoS class being different.

2. The wireless communication system of claim 1,

wherein the wireless communication system is configured to
use or implement the respective RPs for transmissions of
messages on the sidelink comprising a certain QoS
class in case one or more specific or predefined con-
ditions are fulfilled, or.

not allow a transmission of messages on the sidelink
comprising a certain QoS class in case one or more
specific or predefined conditions are fulfilled.

3. The wireless communication system of claim 2,
wherein the one or more specific or predefined conditions
comprise:

a current or predicted QoS traffic of a certain class
exceeds a configured or pre-configured threshold, and/
or

one or more current or predicted network conditions for
the sidelink exceed a configured or pre-configured
threshold, and/or

one or more external or environmental conditions exist,
and/or

a minimum needed communication range, the minimum
needed communication range representing a commu-
nication range or a distance between the UEs needed to
meet or fulfill a certain QoS

4. The wireless communication system of claim 3,
wherein the one or more network conditions comprise a
current or predicted sidelink traffic load and/or a congestion
of the sidelink resources, and wherein the one or more
specific or predefined conditions comprise that the traffic
load and/or the congestion exceeds one or more configured
thresholds or one or more pre-configured thresholds.

5. The wireless communication system of claim 4,
wherein the traffic load is derived from the Channel Busy
Ratio, CBR, and/or the Channel Occupancy Ratio, CR.

6. The wireless communication system of claim 4,
wherein, in case of a congestion situation, certain QoS
traffic, e.g., QoS classes with a priority lower than other QoS
classes, are excluded from a transmission on the sidelink.

7. The wireless communication system of claim 3,
wherein a value for the threshold is pre-configured or is set
by a network operator.

8. The wireless communication system of claim 1,
wherein the wireless communication system is configured to
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associate resources to the respective RPs dependent on a
traffic distribution per QoS class or on a percentage of the
QoS classes in the traffic.

9. The wireless communication system of claim 1,
wherein the wireless communication system is configured to
monitor the one or more specific or predefined conditions,
e.g., a certain load condition or congestion condition, prior
to preparing a transmission of a message comprising a
certain QoS class, and to allow the transmission in case the
one or more specific or predefined conditions are fulfilled.

10. The wireless communication system of claim 1,
wherein the wireless communication system is configured to
run one or more applications, each application configured to
provide a service with a predefined or requested Quality-
of-Service, QoS, class.

11. The wireless communication system of claim 1,
wherein the wireless communication system is configured to
map a QoS class to one or more of the RPs such that
messages or packets with the first QoS class, which is higher
than the second QoS class, use one or more predefined or
prioritized RPs from the plurality of the RPs.

12. The wireless communication system of claim 1,
wherein the wireless communication system is configured to
map a QoS class to one of the plurality of the RPs such that
the higher the QoS of an entity (e.g., a QoS bearer, a
message or a packet) is the more RPs are allocated, so that
a delay for accessing an RP may be minimized for the high
QoS due to the high number of accessible RPs.

13. The wireless communication system of claim 1,
wherein, to map the QoS classes to the RPs, the wireless
communication system is configured to consider one or
more of the following factors:

a current QoS class load/usage/distribution,

traffic conditions/congestion,

external/environmental conditions,

a minimum needed communication range, which may
represent a communication range or a distance between
the UEs needed to meet or fulfill a certain QoS.

14. The wireless communication system of claim 1,

wherein the wireless communication system is configured
to set a minimum needed communication range, which
represents a communication range or a distance
between the UEs needed to meet or fulfill a certain
QoS, and
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wherein dependent on the set minimum needed commu-
nication range associated with the respective QoS
classes, the wireless communication system is config-
ured to adjust the transmit power, e.g., by reducing/
increasing a maximum or a minimum transmit power
dependent on a current setting of the minimum
requested communication range.

15. A user device, UE, for a wireless communication
system, the wireless communication system comprising one
or more further user devices, UEs,

the UE is configured for a sidelink communication with

one or more of the further user devices, UEs, using
resources provided by the wireless communication
system for the sidelink communication among the UEs,
the resources comprising a plurality of sets of resources
or resource pools, RPs, wherein the plurality of sets of
resources or RPs comprises at least a first set of
resources or RP and a second set of resources or RP,
wherein the UE is to use
the first set of resources or RP for a transmission over the
sidelink of a first message comprising a first Quality-
of-Service, QoS, class, and

the second set of resources or RP for a transmission over

the sidelink of a second message comprising a second
QoS class, the first QoS class and the second QoS class
being different.

16. A method for operating a wireless communication
system comprising a plurality of user devices, UEs, wherein
at least some of the UEs are configured for a sidelink
communication, the method comprising:

providing resources for the sidelink communication

among the UEs, the resources comprising a plurality of
sets of resources or resource pools, RPs,

wherein the plurality of sets of resources or RPs com-

prises at least a first set of resources or RP and a second
set of resources or RP, the first set of resources or RP
to be used for a transmission over the sidelink of a first
message comprising a first Quality-of-Service, QoS,
class, and the second set of resources or RP to be used
for a transmission over the sidelink of a second mes-
sage comprising a second QoS class, the first QoS class
and the second QoS class being different.
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