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FIG. 4A

(57) Abstract: In accordance with example embodiments of the invention there is
at least a method and apparatus to perform receiving, by a network device from a
network node of a communication network, at least one channel state information
report configuration associated with at least one uplink resource; determining from
measurements performed based at least in part on the at least one channel state in-
formation report configuration that at least one event has occurred; and providing
over the at least one uplink resource the network node with information comprising
an indication that the event has occurred. Further, to perform transmitting, by a net-
work node for a network device of a communication network, at least one channel
state information report configuration associated with at least one uplink resource,
wherein measurements are performed by the network device based at least in part on
the at least one channel state information report configuration for determining that
at least one event has occurred; and receiving over the at least one uplink resource
information comprising an indication that the at least one event occurred, wherein
the information is based at least partially on the channel state information report
configuration.
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ENHANCEMENTS ON CSI FRAMEWORK

TECHNICAL FIELD:

[0001] The teachings in accordance with the exemplary embodiments of this
invention relate generally to a new method and apparatus to use UL resources to configure,
define, and/or indicate to UE and, more specifically, relate to a new and apparatus to
configure, define and/or indicate to UE UL resources to use in order to provide the gNB

with information related to an event such as related to beam and/or CSI events.

BACKGROUND:

[0002] This section is intended to provide a background or context to the invention
that is recited in the claims. The description herein may include concepts that could be
pursued, but are not necessarily ones that have been previously conceived or
pursued. Therefore, unless otherwise indicated herein, what is described in this section is
not prior art to the description and claims in this application and is not admitted to be prior

art by inclusion in this section.

[0003] Certain abbreviations that may be found in the description and/or in the

Figures are herewith defined as follows:

5G 5" Generation

CORESET  Control Resource Set

CQI Channel Quality Indicator

C-RNTI Cell Radio-Network Temporary Identifier
CRI CSI-RS resource indicator

CSI Channel State Information

CSI-RS Channel State Information Reference Signal

DCI Downlink Control Information
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DL
DMRS
FR 1
gNB
HARQ
HARQ-ACK
MAC
MAC CE
MPE
NR

PCI
PDCCH
PDSCH
PUCCH
PUSCH
RAN
RS
RNTI
RSRP
SINR
SR

SRS
SRI
SSB
TCI
TRP
UCI

UE

UL

Downlink

demodulation reference signal
Frequency Range 1

5G / NR base station

Hybrid Automatic Repeat request
HARQ Acknowledgment

Medium Access Control

Medium Access Control Control Element

Maximum Permissible Exposure
New Radio

physical cell identity

Physical Downlink Control Channel
Physical Downlink Shared Channel
Physical Uplink Control Channel
Physical Uplink Shared Channel
Radio Access Network

Reference Signal

Radio-Network Temporary Identifier
Reference Signal Received Power
Signal to Information Noise Ratio
Scheduling Request

Sounding Reference Signal

SRS resource indicator
Synchronization Signal Block
Transmission Configuration Indicator
Transmission-Reception Point
Uplink Control Information

User Equipment

Uplink

PCT/1IB2024/055635
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[0004] Wireless communication systems are widely deployed to provide various
telecommunication services such as telephone operations, video, data, messaging, and
broadcasts. Typical wireless communication systems may employ multiple-access
technologies capable of supporting communication with multiple users by sharing
available system resources (e.g., bandwidth, transmit power, etc.). Examples of such
multiple-access technologies include time division multiple access (TDMA) systems,
frequency division multiple access (FDMA) systems, code division multiple access
(CDMA) systems, orthogonal frequency division multiple access (OFDMA) systems,
single-carrier frequency division multiple access (SC-FDMA) systems, time division
synchronous code division multiple access (TD-SCDMA) systems, and Long Term
Evolution (LTE). LTE/LTE-Advanced is a set of enhancements to the Universal Mobile
Telecommunications System (UMTS) mobile standard disseminated by the Third
Generation Partnership Project (3GPP).

[0005] A wireless network may include one or more base stations that support
communication for a user equipment (UE) or multiple UEs. A UE may communicate with
a base station via downlink communications and uplink communications. “Downlink™ (or
“DL”’) refers to a communication link from the base station to the UE, and “uplink” (or

“UL”) refers to a communication link from the UE to the base station.

[0006] The above multiple access technologies have been adopted in various
telecommunication standards to provide a common protocol that enables different UEs to
communicate on a municipal, national, regional, and/or global level. These
telecommunications standards include new Radio (NR), which may be referred to as 5G,
or 6G which includes a set of enhancements to at least the LTE mobile standard
promulgated by the 3GPP. 5G and 6G are designed to better support mobile broadband
internet access by improving spectral efficiency, lowering costs, improving services,
making use of new spectrum, and better integrating with other open standards using
orthogonal frequency division multiplexing (OFDM) with a cyclic prefix (CP) (CP-
OFDM) on the downlink, using CP-OFDM and/or single-carrier frequency division
multiplexing (SC-FDM) (also known as discrete Fourier transform spread OFDM (DFT-s-



WO 2024/252371 PCT/1IB2024/055635

OFDM)) on the uplink, as well as supporting beamforming, multiple-input multiple-output
(MIMO) antenna technology, and carrier aggregation. As the demand for mobile
broadband access continues to increase, further improvements in LTE, NR, 5G, and 6G

communication technologies and other radio access technologies remain useful.

[0007] It is noted that for these technologies some of the resource elements carry
reference (pilot) signals (RS) for the UE. These RSs may include demodulation RS (DM-
RS), SSBs, channel state information reference signals (CSI-RS) e.g., for channel

estimation at the UE for one particular configuration.

[0008] CSI-RS reference signals are configured in RRC for a UE. However, CSI-
RS reference signals can be shared among many UEs, and the RS may also include beam
measurement RS, beam refinement RS, and phase tracking RS (PT-RS) or tracking

reference signal (TRS).

[0009] Example embodiments of this invention proposes improved at least these

CSI-RS operations.

SUMMARY:

[0010] This section contains examples of possible implementations and is not

meant to be limiting.

[0011] In another example aspect of the invention, there is an apparatus, such as a
user equipment side apparatus, comprising: at least one processor; and at least one non-
transitory memory storing instructions, that when executed by the at least one processor,
cause the apparatus at least to: receive, by a network device from a network node of a
communication network, at least one channel state information report configuration
associated with at least one uplink resource; determine from measurements performed

based at least in part on the at least one channel state information report configuration that
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at least one event has occurred; and provide over the at least one uplink resource the

network node with information comprising an indication that the event has occurred.

[0012] In still another example aspect of the invention, there is a method,
comprising: receiving, by a network device from a network node of a communication
network, at least one channel state information report configuration associated with at least
one uplink resource; determining from measurements performed based at least in part on
the at least one channel state information report configuration that at least one event has
occurred; and providing over the at least one uplink resource the network node with

information comprising an indication that the event has occurred.

[0013] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein there is performing the
measurements based at least in part on the at least one channel state information report

configuration.

[0014] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the performing is based
on reference signal resources corresponding to the at least one channel state information
report configuration; and determining based on the measurements that the at least one event

has occurred.

[0015] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein there is determining the
at least one uplink resource is active based on the at least one channel state information

report configuration being triggered or activated for the network device.

[0016] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one uplink
resource is configured with at least one of a periodicity or offset, or the at least one uplink

resource is aperiodic.
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[0017] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one uplink
resource is triggered or activated for a period of time, or after a timer expires, or a period
of time or an offset after the at least one channel state information report configuration is
triggered or activated, or after or when the at least one channel state information report

configuration is triggered or activated, or after or when the at least one event has occurred.

[0018] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the triggering or
activating is performed via at least one of: a downlink control information, a medium

access control control element, or radio resource control signaling.

[0019] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein a reference point for the
at least one of a period of time or an offset is based on a physical downlink control channel
or a physical downlink shared channel carrying a downlink control information or a
medium access control control element triggering the at least one channel state information

report configuration.

[0020] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the information provided
over the at least one uplink resource to the network node comprises at least one of the at
least one event occurring, or a beam information report, or a channel state information

report.

[0021] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein when at least one of the
at least one event occurs, the network device is configured to use the at least one uplink
resource for carrying information of at least one of: that at least one of the at least one event
has occurred, or a beam report or channel state information report, a beam related report or

channel state information related report.
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[0022] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the information

comprises uplink control information.

[0023] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the network device is

configured to separately encode different parts of the information.

[0024] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein a number of bits the
information or each part of the information consumes is configured or indicated for the
network device via medium access control control element, downlink control information

or radio resource control signaling.

[0025] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein a number of bits the

information consumes is configured for the network device via radio resource control.

[0026] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the information is
encoded to provide separate information of more than one event, and wherein a number of
bits each separate information is configured or indicated for the network device via medium
access control control element, downlink control information or radio resource control

signaling.

[0027] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein different or separate
uplink resources are used to provide the network node with different parts of the

information.

[0028] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the information

comprises information of one or more of: at least one first event occurring, at least one
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second event not occurring, a beam report or a channel state information report for the at
least one first event, a beam report or a channel state information report for the at least one
second event, at least one event occurring, and an indication of a corresponding cell or a
corresponding component carrier, at least one event not occurring, and an indication of a
corresponding cell or a corresponding component carrier, at least one event occurring, and
an indication of a corresponding CSI report configuration, at least one event not occurring,
an indication of a corresponding CSI report configuration, an indication that the at least
one event has occurred, a beam reporting or a triggering of a beam reporting, a beam or
transmission configuration indicator state update or change, or triggering beam or
transmission configuration indicator state update or change, a channel state information
update or change, or triggering channel state information update or change, or
measurements for one or more beams or transmission configuration indicator states, or a
reference signal received power or signal to interference noise ratio being below or above
a threshold, or a triggering of or a request for beam refinement, or at least one best or
preferred beam or at least one best or preferred transmission configuration indicator, or at
least one event occurring, and an indication of a corresponding reference signal resource
group, or at least one event not occurring, and an indication of a corresponding reference
signal resource group, or at least one event occurring, and an indication of a corresponding
control resource set pool index or a corresponding physical cell identity or a corresponding
sounding reference signal resource set or a corresponding transmission-reception point or
a corresponding group of beams or a corresponding group of reference signals, or at least
one event not occurring, and an indication of a corresponding control resource set pool
index or a corresponding physical cell identity or a corresponding sounding reference
signal resource set or a corresponding transmission-reception point or a corresponding

group of beams or a corresponding group of reference signals.

[0029] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one uplink
resource comprises two or more resources, wherein a time offset is defined between the

resources, and wherein a first resource in a first slot or a first sub-slot is for carrying a first
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part of the information and a second resource in a second slot or a second sub-slot is for

carrying a second part of the information.

[0030] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one uplink

resource comprises {WO Or more resources.

[0031] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the first resource
corresponds to or is associated with a first channel state information reference signal
resource set or group and the second resource corresponds to or is associated with a second

channel state information reference signal resource set or group.

[0032] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein at least one event is
determined to have occurred by the network device based on measurements performed for
each reference signal resource set or group separately, or by jointly considering both

resource sets or groups.

[0033] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein each uplink resource or
channel state information reference signal resource set or group corresponds to or is
associated with one or more of: a transmission-reception point, control resource set pool

index, a sounding reference signal resource set, a physical cell identity.

[0034] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein when at least one event
is determined to have occurred based on measurements performed for a resource set or
group, the apparatus is caused to use at least one uplink resource associated with the
resource set or group to provide the information or at least part of the information to the

network node.
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[0035] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one event
comprises one or more of: a network device decision on transmission configuration
indicator state change or a beam switch, a change of one or more of a number of best or
preferred beams for reporting, a change of one or more of a number of best or preferred
beam pairs for reporting, a beam or transmission configuration indicator state quality-
related condition is satisfied, a change of at least one channel state information quantity, or

a maximum permissible exposure value is above a certain threshold.

[0036] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one event
comprises one or more of: a change in a best beam, or a change in a best channel state
information reference signal resource indicator (CRI), or a change in a best synchronization
signal block resource indicator (SSBRI), or a change in a set of one or more best beams, or
a change in a set of one or more best channel state information reference signal resource
indicators (CRIs), or a change in a set of one or more best synchronization signal block
resource indicators (SSBRIs), or a change of at least one of a set of best beam pairs or
channel state information reference signal resource indicator (CRI) pairs, or a reference
signal received power (RSRP) value associated with a best beam or at least one of the set
of best beams or at least one beam pair is lower or higher than a threshold or changes more
than an offset value, or a value related to reference signal received power values associated
with at least part of the set of best beams or at least part of least one beam pair is lower or
higher than a threshold or changes more than an offset value, or a measurement value of at
least one reference signal (RS) associated with a transmission configuration indication
(TCI) state is higher or lower than a measurement value of a reference signal (RS)
associated with another TCI state by a threshold, or a reference signal received power value

associated with a transmission configuration indication state is lower 1.

[0037] A further example embodiment is an apparatus and a method comprising

the apparatus and the method of the previous paragraphs, wherein there is determining that
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the at least one uplink resource is invalid or inactive when the at least one channel state
information report configuration is deactivated or not active, or determining that the at least
one uplink resource is invalid or inactive when event-based reporting or triggering is

deactivated or is not valid.

[0038] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one channel
state information report configuration corresponds to or includes or can be replaced by at
least one of: one or more demodulation reference signal configurations, or one or more
physical downlink shared channel configurations, one or more physical downlink shared
channel configurations, or one or more channel state information report sub-configuration
each of which corresponding to one or more of the at least one events or to at least one

condition.

[0039] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein one or more events of
the at least one event is associated with a dedicated one or more uplink resources

corresponding to the at least one channel state information report configuration.

[0040] A non-transitory computer-readable medium storing program code, the
program code executed by at least one processor to perform at least the method as described

in the paragraphs above.

[0041] In yet another example aspect of the invention, there is an apparatus
comprising: means for receiving, by a network device from a network node of a
communication network, at least one channel state information report configuration
associated with at least one uplink resource; means for determining from measurements
performed based at least in part on the at least one channel state information report
configuration that at least one event has occurred; and means for providing over the at least
one uplink resource the network node with information comprising an indication that the

event has occurred.



WO 2024/252371 PCT/1IB2024/055635
12

[0042] In accordance with the example embodiments as described in the paragraph
above, at least the means for receiving, determining, and providing comprises a network
interface, and computer program code stored on a computer-readable medium and executed

by at least one processor.

[0043] In another example aspect of the invention, there is an apparatus, such as a
network side apparatus, comprising: at least one processor; and at least one non-transitory
memory storing instructions, that when executed by the at least one processor, cause the
apparatus at least to: transmit, by a network node for a network device of a communication
network, at least one channel state information report configuration associated with at least
one uplink resource, wherein measurements are performed by the network device based at
least in part on the at least one channel state information report configuration for
determining that at least one event has occurred; and receive over the at least one uplink
resource information comprising an indication that the at least one event occurred, wherein
the information is based at least partially on the channel state information report
configuration, wherein the information is based on the channel state information report

configuration.

[0044] In still another example aspect of the invention, there is a method,
comprising: transmitting, by a network node for a network device of a communication
network, at least one channel state information report configuration associated with at least
one uplink resource, wherein measurements are performed by the network device based at
least in part on the at least one channel state information report configuration for
determining that at least one event has occurred; and receiving over the at least one uplink
resource information comprising an indication that the at least one event occurred, wherein
the information is based at least partially on the channel state information report

configuration.

[0045] A further example embodiment is an apparatus and a method comprising

the apparatus and the method of the previous paragraphs, wherein the measurements are
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performed based at least in part on one of the at least one channel state information report
configuration or reference signal resources corresponding to the at least one channel state

information report configuration.

[0046] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one uplink
resource is triggered or activated for a period of time, or after a timer expires, or a period
of time or an offset after the at least one channel state information report configuration is
triggered or activated, or after or when the at least one channel state information report

configuration is triggered or activated, or after or when the at least one event has occurred.

[0047] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one uplink
resource is configured with at least one of a periodicity or offset, or the at least one uplink

resource is aperiodic.

[0048] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one uplink
resource is triggered or activated for a period of time, or after a timer expires, or a period
of time or an offset after the at least one channel state information report configuration is
triggered or activated, or after or when the at least one channel state information report

configuration is triggered or activated, or after or when the at least one event has occurred.

[0049] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the triggering or
activating is performed via at least one of: a downlink control information, a medium

access control control element, or radio resource control.

[0050] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein a reference point for the
at least one of a period of time or an offset is based on a physical downlink control channel
or a physical downlink shared channel carrying a downlink control information or a

medium access control control element triggering the at least one channel state information
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report configuration, and wherein the information is received over the at least one uplink

resource.

[0051] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the information
comprises at least one of the at least one event occurring, or a beam information report, or

a channel state information report.

[0052] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the information is

encoded to provide separate information of more than one event.

[0053] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the more than one event

is multiplexed in time.

[0054] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein a number of bits each
separate information is configured or indicated for the network device via medium access

control control element, downlink control information or radio resource control signaling.

[0055] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein different or separate

uplink resources are used to receive different parts of the information.

[0056] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the information
comprises information of one or more of: at least one first event occurring, at least one
second event not occurring, a beam report or a channel state information report for the at
least one first event, a beam report or a channel state information report for the at least one
second event, at least one event occurring, and an indication of a corresponding cell or a
corresponding component carrier, at least one event not occurring, and an indication of a

corresponding cell or a corresponding component carrier, at least one event occurring, and



WO 2024/252371 PCT/1IB2024/055635
15

an indication of a corresponding CSI report configuration, at least one event not occurring,
an indication of a corresponding CSI report configuration, an indication that the at least
one event has occurred, a beam reporting or a triggering of a beam reporting, a beam or
transmission configuration indicator state update or change, or triggering beam or
transmission configuration indicator state update or change, a channel state information
update or change, or triggering channel state information update or change, or
measurements for one or more beams or transmission configuration indicator states, or a
reference signal received power or signal to interference noise ratio being below or above
a threshold, or a triggering of or a request for beam refinement, or at least one best or
preferred beam or at least one best or preferred transmission configuration indicator, or at
least one event occurring, and an indication of a corresponding reference signal resource
group, or at least one event not occurring, and an indication of a corresponding reference
signal resource group, or at least one event occurring, and an indication of a corresponding
control resource set pool index or a corresponding physical cell identity or a corresponding
sounding reference signal resource set or a corresponding transmission-reception point or
a corresponding group of beams or a corresponding group of reference signals, or at least
one event not occurring, and an indication of a corresponding control resource set pool
index or a corresponding physical cell identity or a corresponding sounding reference
signal resource set or a corresponding transmission-reception point or a corresponding

group of beams or a corresponding group of reference signals.

[0057] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one uplink
resource comprises two or more resources, wherein a time offset is defined between the
resources, and wherein a first resource in a first slot or a first sub-slot is for carrying a first
part of the information and a second resource in a second slot or a second sub-slot is for

carrying a second part of the information.

[0058] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein each at least one uplink

resource corresponds to one or more of a transmission-reception point, control resource set
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pool index, an sounding reference signal resource set, or a physical cell identity, wherein
the corresponding enables detection of the at least one event for each transmission-

reception point separately or jointly across a transmission-reception point.

[0059] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein each at least one uplink
resource corresponds to one or more of a transmission-reception point of an antenna,

control resource set pool index, an SRS resource set, or a physical cell identity.

[0060] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the corresponding
enables detection of the at least one event for each transmission-reception point of an

antenna separately or jointly across a transmission-reception point.

[0061] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one event
comprises: a network device decision on transmission configuration indicator state change
or a beam switch, a change of one or more of a number of best or preferred beams for
reporting, a change of one or more of a number of best or preferred beam pairs for
reporting, a beam or transmission configuration indicator state quality-related condition is
satisfied, a change of at least one channel state information quantity, or a maximum

permissible exposure value is above a certain threshold.

[0062] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the information
comprises at least one of: an indication that the event has occurred, beam reporting or
triggering beam reporting, beam or transmission configuration indicator state update or
change or triggering such an updateorchange, channel state information update or change
or triggering such updateorchange, or measurements for one or more beams or transmission
configuration indicator states, such as reference signal received power or signal to

interference noise ratio below or above a threshold.
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[0063] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein the at least one channel
state information report configuration corresponds to or includes or can be replaced by at
least one of: one or more demodulation reference signal configurations, or one or more
physical downlink shared channel configurations, one or more physical downlink shared
channel configurations, or one or more channel state information report sub-configuration
each of which is corresponding to one or more of the at least one events or to at least one

condition.

[0064] A further example embodiment is an apparatus and a method comprising
the apparatus and the method of the previous paragraphs, wherein one or more events of
the at least one event is associated with a dedicated one or more uplink resources

corresponding to the at least one channel state information report configuration.

[0065] A non-transitory computer-readable medium storing program code, the
program code executed by at least one processor to perform at least the method as described

in the paragraphs above.

[0066] In yet another example aspect of the invention, there is an apparatus
comprising: means for transmitting, by a network node for a network device of a
communication network, at least one channel state information report configuration
associated with at least one uplink resource, wherein measurements are performed by the
network device based at least in part on the at least one channel state information report
configuration for determining that at least one event has occurred; and means for receiving
over the at least one uplink resource information comprising an indication that the at least
one event occurred, wherein the information is based at least partially on the channel state

information report configuration.

[0067] In accordance with the example embodiments as described in the paragraph
above, at least the means for transmitting and receiving comprises a network interface, and
computer program code stored on a computer-readable medium and executed by at least

one processor.
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[0068] A communication system comprising the network side apparatus and the

user equipment side apparatus performing operations as described above.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0069] The above and other aspects, features, and benefits of various embodiments
of the present disclosure will become more fully apparent from the following detailed
description with reference to the accompanying drawings, in which like reference signs are
used to designate like or equivalent elements. The drawings are illustrated for facilitating
better understanding of the embodiments of the disclosure and are not necessarily drawn

to scale, in which:

[0070] FIG. 1 shows an illustration of some of the high-level aspects of a proposed

solutions in accordance with example embodiments of the invention;

[0071] FIG. 2 shows a signaling diagram of some of the high-level aspects of

another proposed solutions in accordance with example embodiments of the invention;

[0072] FIG. 3 shows a high level block diagram of various devices used in carrying

out various aspects of the invention; and

[0073] FIG. 4A and FIG. 4B each show a method in accordance with example

embodiments of the invention which may be performed by an apparatus.

DETAILED DESCRIPTION:

[0074] In example embodiments of this invention there is proposed at least a
method and apparatus for a new method and apparatus to configure, define and/or indicate
to UE UL resources to use in order to provide the gNB with information related to an event

such as related to beam and/or CSI events.
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[0075] CSI-RS reference signals are UE-specifically configured in RRC. However,
CSI-RS reference signals can be shared among many UEs, i.e.,, more than 1 UE are

configured to receive the same resource elements (RE).

[0076] In general, in order to save on DL resources, the gNB would try to use cell-
specific or group-specific CSI-RS resources. The worst case of DL overhead is with UE
specific CSI-RS where the DL overhead increases linearly with the number of UEs in the

cell.

[0077] CSI-RS has many functions in NR, for example it may include:

* (CSI-RS for DL CSI acquisition;

* (CSI-RS for beam management (BM) (based on L1-RSRP);
* (CSI-RS for tracking (TRS);

* UL CSI acquisition in reciprocity-based UL precoding.

[0078] In some applications (e.g., CSI-RS for BM) CSI-RS are spatially

beamformed into different directions.

[0079] In general, a UE can be configured with up to 48 report configurations (CSI-
ReportConfig) per component carrier (CC) / 4 per bandwidth part (BWP)

[0080] One CSI resource config within 1 report configuration can be configured

with up to 16 resource sets (aperiodic CSI) and 1 resource set (otherwise).

[0081] In each CSI resource set up to 64 NZP CSI-RS resources and 1 NZP-CSI-

RS resource up to 32 antenna ports.

[0082] For CSI acquisition, the UE is configured also with a codebook type. Given

the measured channel across a CSI-RS resource, the UE can choose a favourite codeword
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from the specified codebook, i.e., precoding matrix indicator (PMI), along with channel
quality indicator (CQI), rank indicator (RI). UE can also be configured to measure several
CSI-RS resources (up to 8) within a resource set and report the favourite resource, CSI-RS

resource indicator (CRI), along with PMI, CQI and RI which corresponds to that selected

resource.
[0083] Time domain:
[0084] In the time domain, a CSI-RS resource may start at any OFDM symbol of

a slot and it spans 1, 2, or 4 OFDM symbols depending on the number of ports configured.

[0085] Likewise, also the UE measurement reporting of CSI can be also operated
with periodic, semi-persistent, or aperiodic manner, which is so-called report types in NR
report configuration. However, there are certain limitations, based on which the UE
periodic report can operate only based on the configured periodic CSI-RS resource-set, the
UE semi-persistent report can operate based on both configured periodic and semi-
persistent CSI-RS resource-set, and finally the UE aperiodic report can operate based on

all periodic, semi-persistent, and aperiodic CSI-RS resource-set.

[0086] In operations as above:

¢ the periodic CSI-RS resources can be used to generate any report type,
* the semi-persistent and periodic CSI-RS resources can be used to generate semi-
persistent CSI reports, and

¢ the aperiodic CSI-RS can only be utilized only to generate the aperiodic report.

[0087] Frequency-granularity:

[0088] The CSI Report Setting also defines which part of the bandwidth the CSI
should correspond to, and in addition, what granularity in frequency the CSI should have.

To accomplish this, the bandwidth of a BWP is divided into a number of subbands.
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[0089] All CSI-RS resources within one set are configured with same density and
same nrofPorts, where NrofPorts define a number of CSI-RS port(s). Except for the NZP

CSI-RS resources used for interference measurement.

[0090] For semi-persistent and aperiodic CSI-RS, the actual triggering of CSI-RS
transmission is per CSI-RS resource-set via either MAC CE or DCI. And a resource set
can be used as part of UE report configurations describing what to be measured and,
correspondingly, which measurement reporting are to be done by the UE. Specifically, if a
CSI-RS resource-set is configured as ‘aperiodic’ by RRC, the CSI-RS resource set
configuration includes a slot offset, a periodicTriggeringOffset which defines the time

interval between the triggering DCI and the CSI-RS transmission.

[0091] For A-CSI reporting up to 16 different reporting settings can be triggered
with single DCI (e.g. for multiple component carriers) while SP-CSI reporting can trigger
only one report setting with a single DCI. In order to trigger several SP-CSI reports (each

in different slots), multiple DClIs are needed.

[0092] Some background on beam management:

[0093] Rell7 introduced a unified TCI framework meaning that TCI states so far
providing QCL assumptions for the reception of DL signals and channels would be used
also to provide spatial sources for the transmission of UL signals and channels to determine
UL TX spatial filter. Furthermore, the unified TCI framework defines the concept of
indicated TCI state. That means that one or multiple (in case of multi-TRP for instance) of
the configured TCI states is/are indicated TCI state(s) at a time. The indicated TCI state
can be joint DL and UL TCI state or separate DL and separate UL TCI states. Indicated
TCl state provides QCL source (DL) and spatial source (UL) for the set of downlink signals
and channels and for the set of uplink signals and channels, respectively. In Rell7 there
can be one indicated joint DL and UL or one indicated DL and one indicate UL TCI state
for the UE.
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[0094] Unified TCI framework is expected to be extended in Rell8 so that there
can be then multiple indicated DL and UL TCI states.

[0095] Standards at the time of this application provide support for both UE non-
group and group-based beam reporting schemes. The network can configure up to four

CRIs / beams with L1-RSRP values to be reported (via PUCCH or PUSCH).

[0096] As previously mentioned, UE-initiated or event-based CSI reporting and/or
beam switch is a strong candidate for discussions regarding standards at the time of this

application.

[0097] In example embodiments of this invention, there is a focus on the aspects
related to the UL resources to configure/define/indicate the UE with in order to provide the
gNB with information related to an event related to beam/ CSI (or any other events, such
as related to MPE, etc.) occurring at the UE. The proposed solutions and aspects should be

built on top of the existing specifications for CSI measurements and report framework.

[0098] Before describing the example embodiments as disclosed herein in detail,
reference is made to FIG. 3 for illustrating a simplified block diagram of various electronic

devices that are suitable for use in practicing the example embodiments of this invention.

[0099] FIG. 3 shows a block diagram of one possible and non-limiting exemplary

system in which the example embodiments may be practiced.

[00100] In FIG. 3, a user equipment (UE) 10 is in wireless communication with a
wireless network 1 or network, 1 as in FIG. 3. The wireless network 1 or network 1 as in
FIG. 3 can comprise a communication network such as a mobile network e.g., the mobile
network 1 or first mobile network as disclosed herein. Any reference herein to a wireless
network 1 as in FIG. 3 can be seen as a reference to any wireless network as disclosed
herein. Further, the wireless network 1 as in FIG. 3 can also comprises hardwired features

as may be required by a communication network. A UE is a wireless, typically mobile
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device that can access a wireless network. The UE, for example, may be a mobile phone
(or called a "cellular" phone) and/or a computer with a mobile terminal function. For
example, the UE or mobile terminal may also be a portable, pocket, handheld, computer-
embedded or vehicle-mounted mobile device and performs a language signaling and/or

data exchange with the RAN.

[00101] The UE 10 includes one or more processors DP 10A, one or more memories
MEM 10B, and one or more transceivers TRANS 10D interconnected through one or more
buses. Each of the one or more transceivers TRANS 10D includes a receiver and a
transmitter. The one or more buses may be address, data, or control buses, and may include
any interconnection mechanism, such as a series of lines on a motherboard or integrated
circuit, fiber optics or other optical communication equipment, and the like. The one or
more transceivers TRANS 10D which can be optionally connected to one or more antennas
for communication to NN 12 and NN 13, respectively. The one or more memories MEM
10B include computer program code PROG 10C. The UE 10 communicates with NN 12
and/or NN 13 via a wireless link 11 or 16.

[00102] The NN 12 (NR/5G/6G Node B, an evolved NB, or LTE device) is a
network node such as a master or secondary node base station (e.g., for NR or LTE long
term evolution) that communicates with devices such as NN 13 and UE 10 of FIG. 3. The
NN 12 provides access to wireless devices such as the UE 10 to the wireless network 1.
The NN 12 includes one or more processors DP 12A, one or more memories MEM 12B,
and one or more transceivers TRANS 12D interconnected through one or more buses. In
accordance with the example embodiments these TRANS 12D can include X2 and/or Xn
interfaces for use to perform the example embodiments. Each of the one or more
transceivers TRANS 12D includes a receiver and a transmitter. The one or more
transceivers TRANS 12D can be optionally connected to one or more antennas for
communication over at least link 11 with the UE 10. The one or more memories MEM
12B and the computer program code PROG 12C are configured to cause, with the one or
more processors DP 12A, the NN 12 to perform one or more of the operations as described

herein. The NN 12 may communicate with another gNB or eNB, or a device such as the
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NN 13 such as via link 16 or link 18. Further, the link 11, link 16 and/or any other link may
be wired or wireless or both and may implement, e.g., an X2 or Xn interface. Further the
link 11 and/or link 16 and/or link 18 may be through other network devices such as, but
not limited to an NCE/MME/SGW/UDM/PCF/ AMF/SMF/LMF 14 device as in FIG. 3.
The NN 12 may perform functionalities of an MME (Mobility Management Entity) or
SGW (Serving Gateway), such as a User Plane Functionality, and/or an Access

Management functionality for LTE and similar functionality for 5G or 6G.

[00103] The NN 13 can be for WiFi or Bluetooth or other wireless device associated
with a mobility function device such as an AMF or SMF, further the NN 13 may comprise
a NR/5G/6G Node B or possibly an evolved NB a base station such as a master or
secondary node base station (e.g., for NR or LTE long term evolution) that communicates
with devices such as the NN 12 and/or UE 10 and/or the wireless network 1. The NN 13
includes one or more processors DP 13A, one or more memories MEM 13B, one or more
network interfaces, and one or more transceivers TRANS 13D interconnected through one
or more buses. In accordance with the example embodiments these network interfaces of
NN 13 can include X2 and/or Xn interfaces for use to perform the example embodiments.
Each of the one or more transceivers TRANS 13D includes a receiver and a transmitter
that can optionally be connected to one or more antennas. The one or more memories
MEM 13B include computer program code PROG 13C. For instance, the one or more
memories MEM 13B and the computer program code PROG 13C are configured to cause,
with the one or more processors DP 13A, the NN 13 to perform one or more of the
operations as described herein. The NN 13 may communicate with another mobility
function device and/or eNB such as the NN 12 and the UE 10 or any other device using,
e.g., link 11 or link 16 or link 18 or another link. The link 16 or link 18 as shown in FIG. 3
can be used for communication with the NN12. These links maybe wired or wireless or
both and may implement, e.g., an X2 or Xn interface. Further, as stated above the link 11
and/or link 16 and/or link 18 may be through other network devices such as, but not limited
to an NCE/MME/SGW device such as the NCE/MME/SGW/UDM/PCF/AMF/SMF/LMF
14 of FIG. 3.
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[00104] The one or more buses of the device of FIG. 3 may be address, data, or
control buses, and may include any interconnection mechanism, such as a series of lines
on a motherboard or integrated circuit, fiber optics or other optical communication
equipment, wireless channels, and the like. For example, the one or more transceivers
TRANS 12D, TRANS 13D and/or TRANS 10D may be implemented as a remote radio
head (RRH), with the other elements of the NN 12 being physically in a different location
from the RRH, and these devices can include one or more buses that could be implemented

in part as fiber optic cable to connect the other elements of the NN 12 to a RRH.

[00105] It is noted that although FIG. 3 shows a network nodes such as NN 12 and
NN 13, any of these nodes may can incorporate or be incorporated into an eNodeB or eNB
or gNB such as for LTE and NR, and would still be configurable to perform example

embodiments.

[00106] Also it is noted that description herein indicates that “cells” perform
functions, but it should be clear that the gNB that forms the cell and/or a user equipment
and/or mobility management function device that will perform the functions. In addition,

the cell makes up part of a gNB, and there can be multiple cells per gNB.

[00107] The wireless network 1 or any network it can represent may or may not
include a NCE/MME/SGW/UDM/PCF/AMF/SMF/LMF 14 that may include (NCE)
network control element functionality, MME (Mobility Management Entity)/SGW
(Serving Gateway) functionality, and/or serving gateway (SGW), and/or MME (Mobility
Management Entity) and/or SGW (Serving Gateway) functionality, and/or user data
management functionality (UDM), and/or PCF (Policy Control) functionality, and/or
Access and Mobility Management Function (AMF) functionality, and/or Session
Management (SMF) functionality, and/or Location Management Function (LMF), and/or
Authentication Server (AUSF) functionality and which provides connectivity with a further
network, such as a telephone network and/or a data communications network (e.g., the
Internet), and which is configured to perform any 5G, 6G, and/or NR operations in addition

to or instead of other standard operations at the time of this application. The
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NCE/MME/SGW/UDM/PCF/AMF/SMF/LMF 14 is configurable to perform operations in
accordance with example embodiments in any of an LTE, NR, 5G, 6G, and/or any
standards based communication technologies being performed or discussed at the time of
this application. In addition, it is noted that the operations in accordance with example
embodiments, as performed by the NN 12 and/or NN 13, may also be performed at the
NCE/MME/SGW/UDM/PCF/AMF/SMF/LMF 14.

[00108] The NCE/MME/SGW/UDM/PCEF/AMF/SMFE/LMF 14 includes one or
more processors DP 14A, one or more memories MEM 14B, and one or more network
interfaces (N/W 1/F(s)), interconnected through one or more buses coupled with the link
13 and/or link 16 and/or link 18. In accordance with the example embodiments these
network interfaces can include X2 and/or Xn interfaces for use to perform the example
embodiments. The one or more memories MEM 14B include computer program code
PROG 14C. The one or more memories MEM14B and the computer program code PROG
14C are configured to, with the one or more processors DP 14A, cause the
NCE/MME/SGW/UDM/PCF/AMF/SMF/LMF 14 to perform one or more operations
which may be needed to support the operations in accordance with the example

embodiments.

[00109] It is noted that that the NN 12 and/or NN 13 and/or UE 10 can be configured
(e.g. based on standards implementations etc.) to perform functionality of a Location
Management Function (LMF). The LMF functionality may be embodied in any of these
network devices or other devices associated with these devices. In addition, an LMF such
as the LMF of the MME/SGW/UDM/PCF/AMF/SMF/LMF 14 of FIG. 3, as at least
described below, can be co-located with UE 10 such as to be separate from the NN 12
and/or NN 13 of FIG. 3 for performing operations in accordance with example

embodiments as disclosed herein.

[00110] The wireless Network 1 may implement network virtualization, which is the
process of combining hardware and software network resources and network functionality

into a single, software-based administrative entity, a virtual network. Network
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virtualization involves platform virtualization, often combined with resource virtualization.
Network virtualization is categorized as either external, combining many networks, or parts
of networks, into a virtual unit, or internal, providing network-like functionality to software
containers on a single system. Note that the virtualized entities that result from the network
virtualization are still implemented, at some level, using hardware such as processors
DP10, DP12A, DP13A, and/or DP14A and memories MEM 10B, MEM 12B, MEM 13B,

and/or MEM 14B, and also such virtualized entities create technical effects.

[00111] The computer readable memories MEM 12B, MEM 13B, and MEM 14B
may be of any type suitable to the local technical environment and may be implemented
using any suitable data storage technology, such as semiconductor based memory devices,
flash memory, magnetic memory devices and systems, optical memory devices and
systems, fixed memory and removable memory. The computer readable memories MEM
12B, MEM 13B, and MEM 14B may be means for performing storage functions. The
processors DP10, DP12A, DP13A, and DP14A may be of any type suitable to the local
technical environment, and may include one or more of general purpose computers, special
purpose computers, microprocessors, digital signal processors (DSPs) and processors
based on a multi-core processor architecture, as non-limiting examples. The processors
DP10, DP12A, DP13A, and DP14A may be means for performing functions, such as
controlling the UE 10, NN 12, NN 13, and other functions as described herein.

[00112] In general, various embodiments of any of these devices can include, but
are not limited to, cellular telephones such as smart phones, tablets, personal digital
assistants (PDAs) having wireless communication capabilities, portable computers having
wireless communication capabilities, image capture devices such as digital cameras having
wireless communication capabilities, gaming devices having wireless communication
capabilities, music storage and playback appliances having wireless communication
capabilities, Internet appliances permitting wireless Internet access and browsing, tablets
with wireless communication capabilities, as well as portable units or terminals that

incorporate combinations of such functions.
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[00113] Further, the various embodiments of any of these devices can be used with
a UE vehicle, a High Altitude Platform Station, or any other such type node associated with
a terrestrial network or any drone type radio or a radio in aircraft or other airborne vehicle

or a vessel that travels on water such as a boat.

[00114] As similarly stated above, some example embodiments of this invention,
are based on aspects related to the UL resources to configure/define/indicate the UE with
in order to provide the gNB with information related to an event related to beam/ CSI (or
any other events, such as related to MPE, etc.) occurring at the UE. The proposed solutions
and aspects should be built on top of the existing specifications for CSI measurements and

report framework.

[00115] In one proposed solution in accordance with example embodiments of the

invention:

- UE is configured with at least one UL resource to be associated with or included in a CS1
report configuration (CSI-ReportConfig) used for an event that the UE is configured to
determine its occurrence based at least partially on measurements corresponding to the CSI
report configuration, where this at least one UL resource is used by the UE to send to the

gNB information related to the event when it occurs; and

- The at least one UL resource may be periodic or semi-persistent PUCCH resource(s) (e.g.,
configured with a certain periodicity and offset etc.), or even aperiodic, where the UE
determines/considers it as activated or valid (to be used) when the (corresponding) CSI
report configuration is triggered/indicated/activated for the UE. Alternatively, or
additionally, the UE determines/considers it as activated or valid when event-based

reporting/ triggering is activated or indicated.

[00116] The at least one UL resource may become active a period of time, or an

offset, after the CSI report is triggered or activated — where this triggering may be done via
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DCI, MAC CE, and/or RRC. The reference point for this period of time or offset may be
the PDCCH or PDSCH carrying the DCI/ MAC CE triggering the CSIreport configuration.

[00117] In a variant in accordance with example embodiments of the invention, the

UE may consider the at least one UL resource as active once the event occurs.

[00118] In accordance with example embodiments of the invention, the UE may
determine/consider that the at least one UL resource becomes invalid or inactive when the
CSI report configuration is deactivated or not active. Alternatively, or additionally, the UE
determines/considers it as invalid or inactive when event-based reporting/ triggering is

deactivated or is not valid anymore.

[00119] In accordance with example embodiments of the invention, the UE may be
configured/indicated to use the at least one UL resource for carrying one or both of the
following two information when the event occurs: (i) that the event has occurred, and (ii)
beam/CSI related report; these can be uplink control information (UCI). In this case, as an
example, the UE may be configured to separately encode the two information if both are
configured to be reported/multiplexed at a time. The number of bits each information

consumes may be configured for the UE via RRC.

[00120] The UE may be configured to separately encode different parts of the
information, wherein a number of bits the information or each part of the information
consumes is configured or indicated for the network device via medium access control

control element, downlink control information or radio resource control signaling.

[00121] Different/separate UL resources/transmissions may be used to send
information (i) and information (ii) above. In this case, a time offset may be defined
between the resources. For instance, a first resource in a first slot is for carrying (i) and a

second resource in a second slot is for carrying (ii).

[00122] Although a focus is on indicating that event has occurred, the UE may also

be configured to indicate that the event has not occurred (yet) e.g., after a given period of
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time or after a timer expires where the reference point in time (i.e., the timer is (re-)started)

may be the activation/indication of the corresponding CSI report configuration.

[00123] In accordance with example embodiments of the invention, the at least one
UL resource may be the UL resource(s) the UE is configured/indicated to carry the

CSl/beam report into.

[00124] Here, the at least one UL resource may consist in two (or more) resources
(which may or may not be periodic or semi-persistent): the first resource corresponds to or
is associated with a first CSI-RS resource set/group and the second resource corresponds
to or is associated with a second CSI-RS resource set/group. An event may be determined
to occur by the UE based on (measurements on) each CSI-RS resource set/group

separately, or by considering both sets/groups or resources from both sets/groups.

[00125] In accordance with example embodiments of the invention, each resource
or CSI-RS resource set/group may correspond to one or more of: a TRP,

CORESETPoollndex, SRS resource set, PCI (physical cell identity).

[00126] This would then allow, in one possibility, to detect the event for each TRP

separately. Or to also detect a joint event across TRPs.

[00127] In accordance with example embodiments of the invention, the event may

be one or more of the following:

A (UE) decision on TCI state change or beam switch,

A change of one or more of a number of best/preferred beams (these beams are the ones
that the UE would select and report if configured to do so),

A change of one or more of a number of best/preferred beam pairs (these beam pairs

are the ones that the UE would select and report if configured to do so)
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beam/ TCI state quality-related condition is satisfied, which may be based on
measurements on beams / TCI states. For example, if RSRP measurement for at
least one beam or TCI state is below or above a threshold.

A change of at least one CSI quantity,

Maximum permissible exposure (MPE) value above a certain threshold.

[00128] In accordance with example embodiments of the invention, the information

may consist of at least one of the following:

Indication that the event has occurred;

Beam reporting or triggering beam reporting;

Beam or TCI state update/change or triggering such update/change;

CSI update/change or triggering such update/change; and/or

Measurements for one or more beams (or TCI states), such as RSRP or SINR, below

(or even above) a threshold.

[00129] The least one UL resource may be any of: PUCCH resource, PUSCH
resource, SRS resource. The at least one UL resource may be SR (scheduling request) like

resource.

[00130] FIG. 1 shows an illustration of some of the high-level aspects of a proposed

solutions in accordance with example embodiments of the invention.

[00131] As shown in block 110 of FIG. 1 there is receiving configuration associating
at least one UL resource to a CSI report configuration used for an event (e.g., related to
beams of CSI update) that the UE is configured to determine its occurrence based at least
partially on measurements corresponding to the CSI report configuration. As shown in
block 120 of FIG. 1 there is determining or considering that the at least one UL resource is
activated or valid when the CSI report configuration is triggered or activated for the UE
(and/or when event-based reporting or triggering is activated or indicated. As shown in

block 130 of FIG. 1 there is determining whether the event has occurred. If No at block
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130 there block 130 is repeated. If ‘yes’ at block 130 then as shown in block 140 of FIG. 1
there is using the at least one UL resource to provide the gNB with (at least) information

that the event has occurred.

[00132] FIG. 2 shows a signaling diagram of some of the high-level aspects of

another proposed solutions in accordance with example embodiments of the invention;

[00133] As shown in FIG. 2 there is communication between the UE 10 and the gNB
12 and/or 13. As shown in block 210 of FIG. 2 there is communicating a configuration
associating at least one UL resource to a CSI report configuration used for an event (e.g.,
related to beam(s) change) that the UE is configured to determine its occurrence based at
least partially on measurements corresponding to the CSI report configuration. As shown
in step 220 of FIG. 2 there is triggering or activation of the CSI configuration between the
gNB 12 and/or 13 and the UE 10. As shown in step 230 of FIG. 2 there is CSI-RS
transmissions between the gNB 12 and/or 13 and the UE 10. As shown in block 240 of
FIG. 2 there is determining or considering that the at least one UL resource is activated or
valid, as the CSI report configuration is triggered or activated. As shown in block 250 of
FIG. 2 there is performing measurements based at least partially on the CSI report
configuration (specifically based on the CSI-RS resources corresponding to the CSI report
configuration. As shown in block 260 of FIG. 2 there is determining, based on
measurements that the event has occurred (e.g., a change of [best] beam), and then hence
decide to use the at least one UL resource to carry information to the gNB that the event
has occurred. Then as shown in step 270 of FIG. 2 there is transmitting between the UE 10

and the gNB 12 and/or 13 the information using the at least one UL resource.

[00134] FIG. 4A and FIG. 4B each show a method in accordance with example

embodiments of the invention which may be performed by an apparatus.

[00135] FIG. 4A illustrates operations which may be performed by a device such as,
but not limited to, a device such as a network device (e.g., the UE 10 as in FIG. 3). As

shown in step 410 of FIG. 4A there is receiving, by a network device from a network node
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of a communication network, at least one channel state information report configuration
associated with at least one uplink resource. As shown in block 420 of FIG. 4A there is
determining from measurements performed based at least in part on the at least one channel
state information report configuration that at least one event has occurred. Then as shown
in block 430 of FIG. 4A there is, providing over the at least one uplink resource the network

node with information comprising an indication that the event has occurred.

[00136] In accordance with the example embodiments as described in the paragraph
above, there is performing the measurements based at least in part on the at least one
channel state information report configuration, wherein the performing is based on
reference signal resources corresponding to the at least one channel state information report
configuration; and determining based on the measurements that the at least one event has

occurred.

[00137] In accordance with the example embodiments as described in the
paragraphs above, wherein there is determining the at least one uplink resource is active
based on the at least one channel state information report configuration being triggered or

activated for the network device.

[00138] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one uplink resource is configured with at least one

of a periodicity or offset, or the at least one uplink resource is aperiodic.

[00139] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one uplink resource is triggered or activated for a
period of time, or after a timer expires, or a period of time or an offset after the at least one
channel state information report configuration is triggered or activated, or after or when
the at least one channel state information report configuration is triggered or activated, or

after or when the at least one event has occurred.



WO 2024/252371 PCT/1IB2024/055635
34

[00140] In accordance with the example embodiments as described in the
paragraphs above, wherein the triggering or activating is performed via at least one of: a
downlink control information, a medium access control control element, or radio resource

control signaling.

[00141] In accordance with the example embodiments as described in the
paragraphs above, wherein a reference point for the at least one of a period of time or an
offset is based on a physical downlink control channel or a physical downlink shared
channel carrying a downlink control information or a medium access control control

element triggering the at least one channel state information report configuration.

[00142] In accordance with the example embodiments as described in the
paragraphs above, wherein the information provided over the at least one uplink resource
to the network node comprises at least one of the at least one event occurring, or a beam

information report, or a channel state information report.

[00143] In accordance with the example embodiments as described in the
paragraphs above, wherein when at least one of the at least one event occurs, the network
device is configured to use the at least one uplink resource for carrying information of at
least one of: that at least one of the at least one event has occurred, or a beam report or
channel state information report, a beam related report or channel state information related

report.

[00144] In accordance with the example embodiments as described in the

paragraphs above, wherein the information comprises uplink control information.

[00145] In accordance with the example embodiments as described in the
paragraphs above, wherein the network device is configured to separately encode different
parts of the information, wherein a number of bits the information or each part of the
information consumes is configured or indicated for the network device via medium access

control control element, downlink control information or radio resource control signaling.
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[00146] In accordance with the example embodiments as described in the
paragraphs above, wherein the information is encoded to provide separate information of
more than one event, and wherein a number of bits each separate information is configured
or indicated for the network device via medium access control control element, downlink

control information or radio resource control signaling.

[00147] In accordance with the example embodiments as described in the
paragraphs above, wherein different or separate uplink resources are used to provide the

network node with different parts of the information.

[00148] In accordance with the example embodiments as described in the
paragraphs above, wherein the information comprises information of one or more of: at
least one first event occurring, at least one second event not occurring, a beam report or a
channel state information report for the at least one first event, a beam report or a channel
state information report for the at least one second event, at least one event occurring, and
an indication of a corresponding cell or a corresponding component carrier, at least one
event not occurring, and an indication of a corresponding cell or a corresponding
component carrier, at least one event occurring, and an indication of a corresponding
channel state information report configuration, at least one event not occurring, an
indication of a corresponding channel state information report configuration, an indication
that the at least one event has occurred, a beam reporting or a triggering of a beam
reporting, a beam or transmission configuration indicator state update or change, or
triggering beam or transmission configuration indicator state update or change, a channel
state information update or change, or triggering channel state information update or
change, or measurements for one or more beams or transmission configuration indicator
states, or a reference signal received power or signal to interference noise ratio being below
or above a threshold, or a triggering of or a request for beam refinement, or at least one
best or preferred beam or at least one best or preferred transmission configuration indicator,
or at least one event occurring, and an indication of a corresponding reference signal

resource group, or at least one event not occurring, and an indication of a corresponding
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reference signal resource group, or at least one event occurring, and an indication of a
corresponding control resource set pool index or a corresponding physical cell identity or
a corresponding sounding reference signal resource set or a corresponding transmission-
reception point or a corresponding group of beams or a corresponding group of reference
signals, or at least one event not occurring, and an indication of a corresponding control
resource set pool index or a corresponding physical cell identity or a corresponding
sounding reference signal resource set or a corresponding transmission-reception point or

a corresponding group of beams or a corresponding group of reference signals.

[00149] In accordance with the example embodiments as described in the

paragraphs above, wherein a time offset is defined between the resources.

[00150] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one uplink resource comprises two or more
resources, wherein a time offset is defined between the resources, and wherein a first
resource in a first slot or a first sub-slot is for carrying a first part of the information and a
second resource in a second slot or a second sub-slot is for carrying a second part of the

information.

[00151] In accordance with the example embodiments as described in the
paragraphs above, wherein a first resource in a first slot or a first sub-slot is for carrying a
first separate information and a second resource in a second slot or a second sub-slot is for

carrying second separate information.

[00152] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one uplink resource comprises two or more
resources, wherein the first resource corresponds to or is associated with a first channel
state information reference signal resource set or group and the second resource
corresponds to or is associated with a second channel state information reference signal

resource set or group.
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[00153] In accordance with the example embodiments as described in the
paragraphs above, wherein at least one event is determined to have occurred by the network
device based on measurements performed for each reference signal resource set or group

separately, or by jointly considering both resource sets or groups.

[00154] In accordance with the example embodiments as described in the
paragraphs above, wherein each uplink resource or channel state information reference
signal resource set or group corresponds to or is associated with one or more of: a
transmission-reception point, control resource set pool index, a sounding reference signal

resource set, a physical cell identity.

[00155] In accordance with the example embodiments as described in the
paragraphs above, wherein when at least one event is determined to have occurred based
on measurements performed for a resource set or group, the apparatus is caused to use at
least one uplink resource associated with the resource set or group to provide the

information or at least part of the information to the network node.

[00156] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one event comprises one or more of: a network
device decision on transmission configuration indicator state change or a beam switch, a
change of one or more of a number of best or preferred beams for reporting, a change of
one or more of a number of best or preferred beam pairs for reporting, a beam or
transmission configuration indicator state quality-related condition is satisfied, a change of
at least one channel state information quantity, or a maximum permissible exposure value

is above a certain threshold.

[00157] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one event comprises one or more of: a change in a
best beam, or a change in a best channel state information reference signal resource
indicator (CRI), or a change in a best synchronization signal block resource indicator

(SSBRI), or a change in a set of one or more best beams, or a change in a set of one or
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more best channel state information reference signal resource indicators (CRIs), or a
change in a set of one or more best synchronization signal block resource indicators
(SSBRIs), or a change of at least one of a set of best beam pairs or channel state information
reference signal resource indicator (CRI) pairs, or a reference signal received power
(RSRP) value associated with a best beam or at least one of the set of best beams or at least
one beam pair is lower or higher than a threshold or changes more than an offset value, or
a value related to reference signal received power (RSRP) values associated with at least
part of the set of best beams or at least part of least one beam pair is lower or higher than a
threshold or changes more than an offset value, or a measurement value of at least one
reference signal (RS) associated with a transmission configuration indicator (T'CI) state is
higher or lower than a measurement value of a reference signal (RS) associated with
another transmission configuration indicator state by a threshold, or a reference signal
received power (RSRP) value associated with a transmission configuration indicator state

is lower.

[00158] In accordance with the example embodiments as described in the
paragraphs above, wherein there is determining that the at least one uplink resource is
invalid or inactive when the at least one channel state information report configuration is
deactivated or not active, or determining that the at least one uplink resource is invalid or

inactive when event-based reporting or triggering is deactivated or is not valid.

[00159] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one channel state information report configuration
corresponds to or includes or can be replaced by at least one of: one or more demodulation
reference signal configurations, or one or more physical downlink shared channel
configurations, one or more physical downlink shared channel configurations, or one or
more channel state information report sub-configuration each of which corresponding to

one or more of the at least one events or to at least one condition.

[00160] In accordance with the example embodiments as described in the

paragraphs above, wherein one or more events of the at least one event is associated with
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a dedicated one or more uplink resources corresponding to the at least one channel state

information report configuration.

[00161] A non-transitory computer-readable medium (MEM 10B as in FIG. 3)
storing program code (PROG 10C of as in FIG. 3), the program code executed by at least
one processor (DP 10A as in FIG. 3) to perform the operations as at least described in the

paragraphs above.

[00162] In accordance with an example embodiment of the invention as described
above there is an apparatus comprising: means for receiving (one or more transceivers 10D;
MEM 10B; PROG 10C; and DP 10A as in FIG. 3), by a network device (UE 10 as in FIG.
3) from a network node (NN 12 and/or NN 13 as in FIG. 3) of a communication network
(Network 1 as in FIG. 3), at least one channel state information report configuration
associated with at least one uplink resource; means for determining (one or more
transceivers 10D; MEM 10B; PROG 10C; and DP 10A as in FIG. 3) from measurements
performed based at least in part on the at least one channel state information report
configuration that at least one event has occurred; and means for providing (one or more
transceivers 10D; MEM 10B; PROG 10C; and DP 10A as in FIG. 3) over the at least one
uplink resource the network node with information comprising an indication that the event

has occurred.

[00163] In the example aspect of the invention according to the paragraph above,
wherein at least the means for receiving, determining, and using comprises a non-transitory
computer readable medium [MEM 10B as in FIG. 3] encoded with a computer program

[PROG 10C as in FIG. 3] executable by at least one processor [DP 10A as in FIG. 3].

[00164] FIG. 4B illustrates operations which may be performed by a device such as,
but not limited to, such as network node (e.g., the NN 12 and/or NN 13 as in FIG. 3). As
shown in step 450 of FIG. 4B there is transmitting, by a network node for a network device
of a communication network, at least one channel state information report configuration

associated with at least one uplink. As shown in step 460 of FIG. 4B wherein measurements
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are performed by the network device based at least in part on the at least one channel state
information report configuration for determining that at least one event has occurred. Then
as shown in step 470 of FIG. 4 B there is receiving over the at least one uplink resource
information comprising an indication that the at least one event occurred, wherein the

information is based at least partially on the channel state information report configuration.

[00165] In accordance with the example embodiments as described in the paragraph
above, wherein the measurements are performed based at least in part on one of the at least
one channel state information report configuration or reference signal resources

corresponding to the at least one channel state information report configuration.

[00166] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one uplink resource is triggered or activated for a
period of time, or after a timer expires, or a period of time or an offset after the at least one
channel state information report configuration is triggered or activated, or after or when
the at least one channel state information report configuration is triggered or activated, or

after or when the at least one event has occurred.

[00167] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one uplink resource is configured with at least one

of a periodicity or offset, or the at least one uplink resource is aperiodic.

[00168] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one uplink resource is triggered or activated for a
period of time, or after a timer expires, or a period of time or an offset after the at least one
channel state information report configuration is triggered or activated, or after or when
the at least one channel state information report configuration is triggered or activated, or

after or when the at least one event has occurred.

[00169] In accordance with the example embodiments as described in the

paragraphs above, wherein the triggering or activating is performed via at least one of: a
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downlink control information, a medium access control control element, or radio resource

control.

[00170] In accordance with the example embodiments as described in the
paragraphs above, wherein a reference point for the at least one of a period of time or an
offset is based on a physical downlink control channel or a physical downlink shared
channel carrying a downlink control information or a medium access control control

element triggering the at least one channel state information report configuration.

[00171] In accordance with the example embodiments as described in the

paragraphs above, wherein the information received over the at least one uplink resource.

[00172] In accordance with the example embodiments as described in the
paragraphs above, wherein the information comprises at least one of the at least one event

occurring, or a beam information report, or a channel state information report.

[00173] In accordance with the example embodiments as described in the
paragraphs above, wherein the information is encoded to provide separate information of

more than one event, wherein the more than one event is multiplexed in time.

[00174] In accordance with the example embodiments as described in the
paragraphs above, wherein a number of bits each separate information is configured or
indicated for the network device via medium access control control element, downlink

control information or radio resource control signaling.

[00175] In accordance with the example embodiments as described in the
paragraphs above, wherein different or separate uplink resources are used to receive the

information.

[00176] In accordance with the example embodiments as described in the

paragraphs above, wherein the information comprises information of one or more of: at
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least one first event occurring, at least one second event not occurring, a beam report or a
channel state information report for the at least one first event, a beam report or a channel
state information report for the at least one second event, at least one event occurring, and
an indication of a corresponding cell or a corresponding component carrier, at least one
event not occurring, and an indication of a corresponding cell or a corresponding
component carrier, at least one event occurring, and an indication of a corresponding CSI
report configuration, at least one event not occurring, an indication of a corresponding CSI
report configuration, an indication that the at least one event has occurred, a beam reporting
or a triggering of a beam reporting, a beam or transmission configuration indicator state
update or change, or triggering beam or transmission configuration indicator state update
or change, a channel state information update or change, or triggering channel state
information update or change, or measurements for one or more beams or transmission
configuration indicator states, or a reference signal received power or signal to interference
noise ratio being below or above a threshold, or a triggering of or a request for beam
refinement, or at least one best or preferred beam or at least one best or preferred
transmission configuration indicator, or at least one event occurring, and an indication of a
corresponding reference signal resource group, or at least one event not occurring, and an
indication of a corresponding reference signal resource group, or at least one event
occurring, and an indication of a corresponding control resource set pool index or a
corresponding physical cell identity or a corresponding sounding reference signal resource
set or a corresponding transmission-reception point or a corresponding group of beams or
a corresponding group of reference signals, or at least one event not occurring, and an
indication of a corresponding control resource set pool index or a corresponding physical
cell identity or a corresponding sounding reference signal resource set or a corresponding
transmission-reception point or a corresponding group of beams or a corresponding group

of reference signals.

[00177] In accordance with the example embodiments as described in the

paragraphs above, wherein a time offset is defined between the resources.
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[00178] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one uplink resource comprises two or more
resources, wherein a time offset is defined between the resources, and wherein a first
resource in a first slot or a first sub-slot is for carrying a first part of the information and a
second resource in a second slot or a second sub-slot is for carrying a second part of the

information.

[00179] In accordance with the example embodiments as described in the
paragraphs above, wherein each at least one uplink resource corresponds to one or more of
a transmission-reception point, control resource set pool index, an sounding reference
signal resource set, or a physical cell identity, wherein the corresponding enables detection
of the at least one event for each transmission-reception point separately or jointly across

a transmission-reception point

[00180] In accordance with the example embodiments as described in the
paragraphs above, wherein a first resource in a first slot is for carrying a first separate
information and a second resource in a second slot is for carrying second separate

information.

[00181] In accordance with the example embodiments as described in the
paragraphs above, wherein each at least one uplink resource corresponds to one or more of
a transmission-reception point of an antenna, control resource set pool index, an SRS

resource set, or a physical cell identity.

[00182] In accordance with the example embodiments as described in the
paragraphs above, wherein the corresponding enables detection of the at least one event for
each transmission-reception point of an antenna separately or jointly across a transmission-

reception point.

[00183] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one event comprises: a network device decision on

transmission configuration indicator state change or abeam switch, a change of one or more
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of a number of best or preferred beams for reporting, a change of one or more of a number
of best or preferred beam pairs for reporting, a beam or transmission configuration
indicator state quality-related condition is satisfied, a change of at least one channel state
information quantity, or a maximum permissible exposure value is above a certain

threshold.

[00184] In accordance with the example embodiments as described in the
paragraphs above, wherein the information comprises at least one of: an indication that the
event has occurred, beam reporting or triggering beam reporting, beam or transmission
configuration indicator state update or change or triggering such an updateorchange,
channel state information update or change or triggering such updateorchange, or
measurements for one or more beams or transmission configuration indicator states, such
as reference signal received power or signal to interference noise ratio below or above a

threshold.

[00185] In accordance with the example embodiments as described in the
paragraphs above, wherein the at least one channel state information report configuration
corresponds to or includes or can be replaced by at least one of: one or more demodulation
reference signal configurations, or one or more physical downlink shared channel
configurations, one or more physical downlink shared channel configurations, or one or
more channel state information report sub-configuration each of which is corresponding to

one or more of the at least one events or to at least one condition.

[00186] In accordance with the example embodiments as described in the
paragraphs above, wherein one or more events of the at least one event is associated with
a dedicated one or more uplink resources corresponding to the at least one channel state

information report configuration.

[00187] A non-transitory computer-readable medium (MEM 12B and/or MEM 13B
as in FIG. 3) storing program code (PROG 12C and/or PROG 13C as in FIG. 3), the
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program code executed by at least one processor (DP 12A and/or DP 13A as in FIG. 3) to

perform the operations as at least described in the paragraphs above.

[00188] In accordance with an example embodiment of the invention as described
above there is an apparatus comprising: means for determining (one or more transceivers
12D and/or 13D, DP 12A and/or DP 13A, DP 12F and/or DP 13F, PROG 12C and/or
PROG 13C, and MEM 12B and/or MEM 13B as in FIG. 3), by a network node (NN 12
and/or NN 13 as in FIG. 3) for a network device (UE 10 as in FIG. 3)of a communication
network, a channel state information reporting configuration associated with at least one
uplink resource, wherein the at least one channel state information report configuration is
configured (one or more transceivers 12D and/or 13D, DP 12A and/or DP 13A, DP 12F
and/or DP 13F, PROG 12C and/or PROG 13C, and MEM 12B and/or MEM 13B as in FIG.
3) to be triggered based on at least one event occurring; and means for receiving (one or
more transceivers 12D and/or 13D, DP 12A and/or DP 13A, DP 12F and/or DP 13F, PROG
12C and/or PROG 13C, and MEM 12B and/or MEM 13B as in FIG. 3) over the at least
one uplink resource information comprising an indication that the event occurred, wherein

the information is based on the channel state information report configuration.

[00189] In the example aspect of the invention according to the paragraph above,
wherein at least the means for determining and receiving comprises a non-transitory
computer readable medium [MEM 12B and/or MEM 13B as in FIG. 3] encoded with a
computer program [PROG 12C and/or PROG 13C as in FIG. 3] executable by at least one
processor [DP 12A and/or DP 13A as in FIG. 3].

[00190] Further, in accordance with example embodiments of the invention there is
circuitry for performing operations in accordance with example embodiments of the
invention as disclosed herein. This circuitry can include any type of circuitry including
content coding circuitry, content decoding circuitry, processing circuitry, image generation
circuitry, data analysis circuitry, etc.). Further, this circuitry can include discrete circuitry,
application-specific integrated circuitry (ASIC), and/or field-programmable gate
array circuitry (FPGA), etc. as well as a processor specifically configured by software to

perform the respective function, or dual-core processors with software and corresponding



WO 2024/252371 PCT/1IB2024/055635
46

digital signal processors, etc.). Additionally, there are provided necessary inputs to and
outputs from the circuitry, the function performed by the circuitry and the interconnection
(perhaps via the inputs and outputs) of the circuitry with other components that may include
other circuitry in order to perform example embodiments of the invention as described

herein.

[00191] In accordance with example embodiments of the invention, there is
adequate circuitry for performing at least novel operations in accordance with example
embodiments of the invention as disclosed in this application, this “circuitry” as may be

used herein refers to at least the following:

(a) hardware-only circuit implementations (such as implementations in only analog and/or

digital circuitry); and

(b) to combinations of circuits and software (and/or firmware), such as (as applicable); (i)
to a combination of processor(s) or (ii) to portions of processor(s)/software (including
digital signal processor(s)), software, and memory(ies) that work together to cause an

apparatus, such as a mobile phone or server, to perform various functions); and

(c) to circuits, such as a microprocessor(s) or a portion of a microprocessor(s), that require
software or firmware for operation, even if the software or firmware is not physically

present.

[00192] This definition of “circuitry” applies to all uses of this term in this
application, including in any claims. As a further example, as used in this application, the
term "circuitry” would also cover an implementation of merely a processor (or multiple
processors) or portion of a processor and its (or their) accompanying software and/or
firmware. The term "circuitry" would also cover, for example and if applicable to the
particular claim element, a baseband integrated circuit or applications processor integrated
circuit for a mobile phone or a similar integrated circuit in a server, a cellular network

device, or other network device.
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[00193] In general, the various embodiments may be implemented in hardware or
special purpose circuits, software, logic or any combination thereof. For example, some
aspects may be implemented in hardware, while other aspects may be implemented in
firmware or software which may be executed by a controller, microprocessor or other
computing device, although the invention is not limited thereto. While various aspects of
the invention may be illustrated and described as block diagrams, flow charts, or using
some other pictorial representation, it is well understood that these blocks, apparatus,
systems, techniques or methods described herein may be implemented in, as non-limiting
examples, hardware, software, firmware, special purpose circuits or logic, general purpose

hardware or controller or other computing devices, or some combination thereof.

[00194] Embodiments of the inventions may be practiced in various components
such as integrated circuit modules. The design of integrated circuits is by and large a highly
automated process. Complex and powerful software tools are available for converting a
logic level design into a semiconductor circuit design ready to be etched and formed on a

semiconductor substrate.

[00195] The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration." Any embodiment described herein as "exemplary" is not
necessarily to be construed as preferred or advantageous over other embodiments. All of
the embodiments described in this Detailed Description are exemplary embodiments
provided to enable persons skilled in the art to make or use the invention and not to limit

the scope of the invention which is defined by the claims.

[00196] The foregoing description has provided by way of exemplary and non-
limiting examples a full and informative description of the best method and apparatus
presently contemplated by the inventors for carrying out the invention. However, various
modifications and adaptations may become apparent to those skilled in the relevant arts in
view of the foregoing description, when read in conjunction with the accompanying

drawings and the appended claims. However, all such and similar modifications of the
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teachings of example embodiments of this invention will still fall within the scope of this

invention.

[00197] It should be noted that the terms "connected,” "coupled,” or any variant
thereof, mean any connection or coupling, either direct or indirect, between two or more
elements, and may encompass the presence of one or more intermediate elements between
two elements that are "connected" or "coupled” together. The coupling or connection
between the elements can be physical, logical, or a combination thereof. As employed
herein two elements may be considered to be "connected" or "coupled" together by the use
of one or more wires, cables and/or printed electrical connections, as well as by the use of
electromagnetic energy, such as electromagnetic energy having wavelengths in the radio
frequency region, the microwave region and the optical (both visible and invisible) region,

as several non-limiting and non-exhaustive examples.

[00198] Furthermore, some of the features of the preferred embodiments of this
invention could be used to advantage without the corresponding use of other features. As
such, the foregoing description should be considered as merely illustrative of the principles

of the invention, and not in limitation thereof.
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CLAIMS

What is claimed is:

1. An apparatus, comprising:
at least one processor; and
at least one non-transitory memory storing instructions, that when executed by the at least
one processor, cause the apparatus at least to:
receive, by a network device from a network node of a communication network,
at least one channel state information report configuration associated with at least one
uplink resource;
determine from measurements performed based at least in part on the at least one
channel state information report configuration that at least one event has occurred; and
provide over the at least one uplink resource the network node with information

comprising an indication that the event has occurred.

2. The apparatus of claim 1, wherein the at least one non-transitory memory
storing instructions is executed by the at least one processor to cause the apparatus to:
perform the measurements based at least in part on the at least one channel state
information report configuration,
wherein the performing is based on reference signal resources
corresponding to the at least one channel state information report configuration; and

determine based on the measurements that the at least one event has occurred.

3. The apparatus of claim 1, wherein the at least one non-transitory memory

storing instructions is executed by the at least one processor to cause the apparatus to:
determine the at least one uplink resource is active based on the at least one

channel state information report configuration being triggered or activated for the

network device.

4. The apparatus of claim 1, wherein the at least one uplink resource is
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configured with at least one of a periodicity or offset, or the at least one uplink resource is

aperiodic.

3. The apparatus of claim 4, wherein the at least one uplink resource is triggered

or activated for a period of time, or after a timer expires, or a period of time or an offset
after the at least one channel state information report configuration is triggered or
activated, or after or when the at least one channel state information report configuration

is triggered or activated, or after or when the at least one event has occurred.

6. The apparatus of claim 5, wherein the triggering or activating is performed
via at least one of: a downlink control information, a medium access control control

element, or radio resource control signaling.

7. The apparatus of claim 5, wherein a reference point for the at least one of a
period of time or an offset is based on a physical downlink control channel or a physical
downlink shared channel carrying a downlink control information or a medium access
control control element triggering the at least one channel state information report

configuration.

8. The apparatus of claim 1, wherein the information provided over the at least
one uplink resource to the network node comprises at least one of the at least one event

occurring, or a beam information report, or a channel state information report.

9. The apparatus of claim 8, wherein when at least one of the at least one event
occurs, the network device is configured to use the at least one uplink resource for
carrying information of at least one of:

that at least one of the at least one event has occurred, or

a beam report or channel state information report, a beam related report or

channel state information related report.

10. The apparatus of claim 9, wherein the information comprises uplink control
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information.

1. The apparatus of claim 9, wherein the network device is configured to

separately encode different parts of the information, wherein a number of bits the
information or each part of the information consumes is configured or indicated for the
network device via medium access control control element, downlink control information

or radio resource control signaling.

12. The apparatus of claim 8, wherein the information is encoded to provide
separate information of more than one event, and wherein a number of bits for each
separate information is configured or indicated for the network device via medium access

control control element, downlink control information or radio resource control signaling.

13. The apparatus of claim 8, wherein different or separate uplink resources are

used to provide the network node with different parts of the information.

14. The apparatus of claim 1, wherein the information comprises information of
one or more of:

at least one first event occurring,

at least one second event not occurring,

a beam report or a channel state information report for the at least one first event,

a beam report or a channel state information report for the at least one second
event,

at least one event occurring, and an indication of a corresponding cell or a
corresponding component carrier,

at least one event not occurring, and an indication of a corresponding cell or a
corresponding component carrier,

at least one event occurring, and an indication of a corresponding channel state
information report configuration,

at least one event not occurring, an indication of a corresponding channel state

information report configuration,
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an indication that the at least one event has occurred,

a beam reporting or a triggering of a beam reporting,

a beam or transmission configuration indicator state update or change, or
triggering beam or transmission configuration indicator state update or change,

a channel state information update or change, or triggering channel state
information update or change, or

measurements for one or more beams or transmission configuration indicator
states, or

a reference signal received power or signal to interference noise ratio being below
or above a threshold, or

a triggering of or a request for beam refinement, or

at least one best or preferred beam or at least one best or preferred transmission
configuration indicator, or

at least one event occurring, and an indication of a corresponding reference signal
resource group, or

at least one event not occurring, and an indication of a corresponding reference
signal resource group, or

at least one event occurring, and an indication of a corresponding control resource
set pool index or a corresponding physical cell identity or a corresponding sounding
reference signal resource set or a corresponding transmission-reception point or a
corresponding group of beams or a corresponding group of reference signals, or

at least one event not occurring, and an indication of a corresponding control
resource set pool index or a corresponding physical cell identity or a corresponding
sounding reference signal resource set or a corresponding transmission-reception point or

a corresponding group of beams or a corresponding group of reference signals.

15. The apparatus of claim 1, wherein the at least one uplink resource comprises
two or more resources, and wherein a time offset is defined between the resources,
wherein a first resource in a first slot or a first sub-slot is for carrying a first part of the
information and a second resource in a second slot or a second sub-slot is for carrying a

second part of the information.
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16. The apparatus of claim 1, wherein the at least one uplink resource comprises

two or more resources, wherein the first resource corresponds to or is associated with a
first channel state information reference signal resource set or group and the second
resource corresponds to or is associated with a second channel state information reference

signal resource set or group.

17. The apparatus of claim 16, wherein at least one event is determined to have
occurred by the network device based on measurements performed for each reference
signal resource set or group separately, or by jointly considering both resource sets or

groups.

18. The apparatus of claim 16, wherein each uplink resource or channel state
information reference signal resource set or group corresponds to or is associated with
one or more of: a transmission-reception point, control resource set pool index, a

sounding reference signal resource set, a physical cell identity.

19. The apparatus according to any one of claims 14, 16, or 17, wherein when at
least one event is determined to have occurred based on measurements performed for a
resource set or group, the apparatus is caused to use at least one uplink resource
associated with the resource set or group to provide the information or at least part of the

information to the network node.

20. The apparatus of claim 1, wherein the at least one event comprises one or
more of:

a network device decision on transmission configuration indicator state change
or a beam switch,

a change of one or more of a number of best or preferred beams for reporting,

a change of one or more of a number of best or preferred beam pairs for
reporting,

a beam or transmission configuration indicator state quality-related condition
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is satisfied,
a change of at least one channel state information quantity, or

a maximum permissible exposure value is above a certain threshold.

21. The apparatus of claim 1, wherein the at least one event comprises one or
more of:

a change in a best beam, or

a change in a best channel state information reference signal resource indicator, or

a change in a best synchronization signal block resource indicator, or

a change in a set of one or more best beams, or

a change in a set of one or more best channel state information reference signal
resource indicators, or

a change in a set of one or more best synchronization signal block resource
indicators, or

a change of at least one of a set of best beam pairs or channel state information
reference signal resource indicator pairs, or

a reference signal received power value associated with a best beam or at least
one of the set of best beams or at least one beam pair is lower or higher than a threshold
or changes more than an offset value, or

a value related to reference signal received power values associated with at least
part of the set of best beams or at least part of least one beam pair is lower or higher than
a threshold or changes more than an offset value, or

a measurement value of at least one reference signal associated with a
transmission configuration indicator state is higher or lower than a measurement value of
a reference signal associated with another transmission configuration indicator state by a
threshold, or a reference signal received power value associated with a transmission
configuration indicator state is lower or higher than a threshold or changes more than an

offset value.

22. The apparatus of claim 1, wherein the at least one non-transitory memory
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storing instructions is executed by the at least one processor to cause the apparatus to one
of:
determine that the at least one uplink resource is invalid or inactive when the at
least one
channel state information report configuration is deactivated or not active, or
determine that the at least one uplink resource is invalid or inactive when event-

based reporting or triggering is deactivated or is not valid.

23. The apparatus according to any one of claim 1 or any preceding claim, wherein
the at least one channel state information report configuration

corresponds to or includes or comprises or can be replaced by at least one of:

one or more demodulation reference signal configurations, or

one or more physical downlink shared channel configurations,

one or more physical downlink shared channel configurations, or

one or more channel state information report sub-configurations each of which

corresponding to one or more of the at least one events or to at least one condition.

24. The apparatus of claim 17, wherein one or more events of the at least one
event is associated with a dedicated one or more uplink resources corresponding to the at

least one channel state information report configuration.

25. A method, comprising:

receiving, by a network device from a network node of a communication network,
at least one channel state information report configuration associated with at least one
uplink resource;

determining from measurements performed based at least in part on the at least
one channel state information report configuration that at least one event has occurred;
and

providing over the at least one uplink resource the network node with information

comprising an indication that the event has occurred.
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26. An apparatus, comprising:

at least one processor; and

at least one non-transitory memory storing instructions, that when executed by the
at least one processor, cause the apparatus at least to:

transmit, by a network node for a network device of a communication network, at
least one channel state information report configuration associated with at least one
uplink resource,

wherein measurements are performed by the network device based at least in part
on the at least one channel state information report configuration for determining that at
least one event has occurred; and

receive over the at least one uplink resource information comprising an indication
that the at least one event occurred, wherein the information is based at least partially on

the channel state information report configuration.

27. The apparatus of claim 26, wherein the
measurements are performed based at least in part on one of the at least one channel state
information report configuration or reference signal resources corresponding to the at

least one channel state information report configuration.

28. The apparatus of claim 26, wherein the at least one uplink resource is triggered or
activated for a period of time, or after a timer expires, or a period of time or an offset
after the at least one channel state information report configuration is triggered or
activated, or after or when the at least one channel state information report configuration

is triggered or activated, or after or when the at least one event has occurred.
29. The apparatus of claim 26, wherein the at least one uplink resource is
configured with at least one of a periodicity or offset, or the at least one uplink resource is

aperiodic.

30. The apparatus of claim 29, wherein the at least one uplink resource is triggered
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or activated for a period of time, or after a timer expires, or a period of time or an offset
after the at least one channel state information report configuration is triggered or
activated, or after or when the at least one channel state information report configuration

is triggered or activated, or after or when the at least one event has occurred.

31. The apparatus of claim 30, wherein the triggering or activating is performed
via at least one of: a downlink control information, a medium access control control

element, or radio resource control.

32. The apparatus of claim 30, wherein a reference point for the at least one of a
period of time or an offset is based on a physical downlink control channel or a physical
downlink shared channel carrying a downlink control information or a medium access
control control element triggering the at least one channel state information report

configuration.

33. The apparatus of claim 26, wherein the information received over the at least
one uplink resource, and wherein the information comprises at least one of the at least

one event occurring, or a beam information report, or a channel state information report.

34. The apparatus of claim 33, wherein the information is encoded to provide
separate information of more than one event, wherein the more than one event is
multiplexed in time, and wherein a number of bits for each separate information is
configured or indicated for the network device via medium access control control

element, downlink control information or radio resource control signaling.

35. The apparatus of claim 33, wherein the information is separately encoded in
different parts, wherein a number of bits the information or each part of the information
consumes is configured or indicated for the network device via medium access control
control element, downlink control information or radio resource control signaling, and
wherein different or separate uplink resources are used to receive different parts of the

information.
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36. The apparatus of claim 33, wherein the information comprises information of
one or more of:

at least one first event occurring,

at least one second event not occurring,

a beam report or a channel state information report for the at least one first event,

a beam report or a channel state information report for the at least one second
event,

at least one event occurring, and an indication of a corresponding cell or a
corresponding component carrier,

at least one event not occurring, and an indication of a corresponding cell or a
corresponding component carrier,

at least one event occurring, and an indication of a corresponding channel state
information report configuration,

at least one event not occurring, an indication of a corresponding channel state
information report configuration,

an indication that the at least one event has occurred,

a beam reporting or a triggering of a beam reporting,

a beam or transmission configuration indicator state update or change, or
triggering beam or transmission configuration indicator state update or change,

a channel state information update or change, or triggering channel state
information update or change, or

measurements for one or more beams or transmission configuration indicator
states, or

a reference signal received power or signal to interference noise ratio being below
or above a threshold, or

a triggering of or a request for beam refinement, or

at least one best or preferred beam or at least one best or preferred transmission
configuration indicator, or

at least one event occurring, and an indication of a corresponding reference signal

resource group, or
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at least one event not occurring, and an indication of a corresponding reference
signal resource group, or

at least one event occurring, and an indication of a corresponding control resource
set pool index or a corresponding physical cell identity or a corresponding sounding
reference signal resource set or a corresponding transmission-reception point or a
corresponding group of beams or a corresponding group of reference signals, or

at least one event not occurring, and an indication of a corresponding control
resource set pool index or a corresponding physical cell identity or a corresponding
sounding reference signal resource set or a corresponding transmission-reception point or

a corresponding group of beams or a corresponding group of reference signals.

37. The apparatus of claim 35, wherein the at least one uplink resource comprises
two or more resources, and wherein a time offset is defined between the resources,
wherein a first resource in a first slot or a first sub-slot is for carrying a first part of the
information and a second resource in a second slot or a second sub-slot is for carrying a

second part of the information.

38. The apparatus of claim 34, wherein each at least one uplink resource
corresponds to one or more of a transmission-reception point, control resource set pool

index, an sounding reference signal resource set, or a physical cell identity.

39. The apparatus of claim 26, wherein the at least one event comprises:

a change in a best beam, or

a change in a best channel state information reference signal resource indicator, or

a change in a best synchronization signal block resource indicator, or

a change in a set of one or more best beams, or

a change in a set of one or more best channel state information reference signal
resource indicators, or

a change in a set of one or more best synchronization signal block resource
indicators, or

a change of at least one of a set of best beam pairs or channel state information
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reference signal resource indicator pairs, or
a reference signal received power value associated with a best beam or at least
one of the set of best beams or at least one beam pair is lower or higher than a threshold
or changes more than an offset value, or
a value related to reference signal received power values associated with at least
part of the set of best beams or at least part of least one beam pair is lower or higher than
a threshold or changes more than an offset value, or
a measurement value of at least one reference signal associated with a
transmission configuration indicator state is higher or lower than a measurement
value of a reference signal associated with another transmission configuration
indicator state by a threshold, or a reference signal received power value
associated with a transmission configuration indicator state is lower or higher than

a threshold or changes more than an offset value.

40. The apparatus of claim 26, wherein the at least one channel state information
report configuration corresponds to or includes or can be replaced by at least one of:
one or more demodulation reference signal configurations, or
one or more physical downlink shared channel configurations,
one or more physical downlink shared channel configurations, or
one or more channel state information report sub-configuration each of which is

corresponding to one or more of the at least one event or to at least one condition.

41. The apparatus of claim 40, wherein one or more events of the at least one
event is associated with a dedicated one or more uplink resources corresponding to the at

least one channel state information report configuration.

42. A method, comprising:

transmitting, by a network node for a network device of a communication
network, at least one channel state information report configuration associated with at
least one uplink resource,

wherein measurements are performed by the network device based at least in part
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on the at least one channel state information report configuration for determining that at
least one event has occurred; and

receiving over the at least one uplink resource information comprising an
indication that the at least one event occurred, wherein the information is based at least

partially on the channel state information report configuration.
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Receive configuration associating at least one UL resource to a CSl report
configuration used for an event {e.q., related to beam(s) or CSl update)that the
UE is configured fo determine its occurrence based at least partially on
measurements corresponding to the CSI report configuration

120

4

Determine or consider that the at least one UL resource is activated or valid
when the CSl report configuration is triggered/activated for the UE {(and/or
when eveni-based reporting/riggering is activated or indicated)

130

/

Use the at least one UL resource to provide the j{)

gNB with (at least) information that the event
has occurred

FIG. 1
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410: receiving, by a network device from a
network node of a communication network, at
least one channel state information report
configuration associated with at least one
uplink resource

¥

420 determining from measurements
performed based af least in part on the at least
one channel state information report
configuration that at least one event has
occurred

¥

430: providing over the at least one uplink
resource the network node with information
comprising an indication that the event has
occurred

FIG. 4A
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450 transmitting, by a network node for a
network device of a communication
network, at least one channel state
information report configuration

associated with at least one uplink resource

¥

460 wherein measurements are performed
by the network device based at least in part
on the at least one channel state
information report configuration for
determining that at least one event has
oceurred

¥

470 receiving over the at least one uplink
resource information comprising an
indication that the at least one event
occurred, wherein the information is based
at least partially on the channel state
information report configuration

FIG. 4B
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