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DEVICE CAPABILITY AND PERFORMANCE MONITORING FOR A
MODEL

TECHNICAL FIELD

{0001} This disclosure is directed generally to digital wireless conumnunications.
BACKGROUND
{0002} Mobile telecommunication technologies are moving the world toward an increasingly

connected and networked society. In comparison with the existing wireless networks, next
generation systems and wireless communication techniques will need to support a much wider
range of use-case characteristics and provide a more complex and sophisticated range of access
requirements and flexibilities.

{6003] Long-Term Evolution (LTE) is a standard for wireless communication for mobile
devices and data terminals developed by 3rd Generation Partnership Project (3GPP). L'TE
Advanced (LTE-A) is a wireless communication standard that enhances the L'TE standard. The
5th generation of wireless system, known as 5G, advances the LTE and LTE-A wireless
standards and is committed to supporting higher data-rates, large number of connections, ultra-

low latency, high reliability and other emerging business needs.

SUMMARY

10004 Technigues are disclosed for report UE capabilities involving AI/ML models. Several

solutions are discussed to monitor the model performance in some embodiments.

{0005} A wireless communication method, comprising transmitting, by a communication
device, a capability message indicating that the communication device is capable of using a

model by the communication device to perform one or more wireless communication operations.

{6006] In some embodiments, the capability message includes time requirements of the

model. In some embodiments, the time requirements are associated with a model identifier.

{6007} In some embodiments, the model can be received by the communication device from

a network.
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10005 In some embodiments, the capability message include one of the following: a
computation time, a computation time offset, or a model activation time. In some embodiments,
the computation time is a time the communication device needs to conduct an operation, wherein
the computation time offset is an additional time the communication device needs to conduct an
operation, wherein the model activation time is a time the communication device needs o

activate an operation.

[0009] In some embodiments, the computation time can be a constant independent of the
model selected. In some embodiments, the value of the computation time offset depends on the
model. In some embodiments, the capacity message indicates a measurement report is created
after a time lapse T based on a reference signal received by the communication device, wherein

T depends on the computation time offset and the computation time.

{0010} In some embodiments, the method further comprising transmitting, by the

communication device, an identifier message indicating the model is activated.

{0011 In some embodiments, the identifier message can be sent through a PUCCH. In some
embodiments.
{0012} In some embodiments, the method further comprising receiving, by the

communication device, a response indicating the identifier message was received successfully.

[0013] In some embodiments, the method further comprising deactivating, by the
communication device, the model when the response was not received by the communication

device,

10014} In some embodiments, the capability message includes a capacity of the
communication device, wherein the capacity includes concurrent capability for model-related

and non-model related.

[0015] Another wireless communication method, comprising reporting, by a communication

device, a performance indication of a model.
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10016] In some embodiments the performance indication includes a relationship between an
assistance information with an actual measurement information conducted by the communication

device.

{6017] In some embodiments, the relationship can be a similarity or a distance, wherein the
similarity includes cosine similarity, generalization cosine similarity or square generalization
cosine sitnilarity, wherein the distance includes Euclidean distance or normalized mean square

CITOT.

{6018 In some embodiments, the communication device is configured with at least a
dedicated occasion used for the performance indication of the model. In some embodiments, the
performance indication includes a predicated measurement and an actual measurement of the

dedicated occasion.

[0019] In some embodiments, the actual measurement includes RSRP(s) of a plurality of
reference signal, wherein the predicted measurement includes predicted RSRP(s) of the reference

signals based on the model.

18020} In some embodiments, the actual measurement includes codebook-based precoding

matrix indication (PMI).

10021} In some embodiments, the performance indication further inchades a relationship

between the output of the model and an input of the model.

18022} In some embodiments, the performance indication includes a relationship between M-
N remaining measurement results of N measurement results and a part of the model output,
wherein the N measurement results are based on the reference signals, wherein the M
measurement results are based on the N measurement results and are used for an input of the

model, wherein M < N.

[0023] In some embodiments, the relationship can be a similarity or a distance, wherein the
similarity can be at least one of the following: cosine similarity, generalization cosine similarity
or square generalization cosine similarity, wherein the distance can be at least one of the

following: Buclidean distance or normalized mean square error.

L2
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{0024} An In yet another exemplary aspect, the above-described methods are embodied in
the form of processor-executable code and stored in a non-transitory computer-readable storage
medium. The code inchuded in the computer readable storage medium when executed by a

processor, causes the processor to implement the methods described in this patent document.

[0025] In yet another exemplary embodiment, a device that is configured or operable to

perform the above-described methods is disclosed.

{0026} The above and other aspects and their implementations are described in greater detail

in the drawings, the descriptions, and the claims.

BRIEF DESCRIPTION OF THE DRAWING
16027} FIG. 1 shows an example of Artificial Intelligence/Machine Learning (A¥VML)

model.
{6028} FI1G. 2 shows an example of computation time and computation time offset.
[0029] FIG. 3 shows an example the relationship between the assistance channel information

and the actual channel measurement.

10030} FIG. 4 shows an example of indicating a dedicated channel measurement occasion o
monitor the model performance.

10031} FIG. 5 shows an example of adopting the relationship between the part of Al model
output and the Al roodel input for model performance monitoring.

18032} FIG. 6 shows an exemplary block diagram of a hardware platform that may be a part
of a network device or a communication device.

[0033] FIG. 7 shows an example of wireless communication including a base station (BS)

and user equipment (UE) based on sorne implementations of the disclosed technology.

INTRODUCTION
[0034] Section headings are used in the present document only to imnprove readability and do
not imit scope of the disclosed embodiments and techniques in each section to only that section.
Furthermore, sorme embodiments are described with reference to Third Generation Partnership

Project (3GPP) New Radio (NR) standard {“SG7} for ease of understanding and the described
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technology may be implemented in different wireless system that implement protocols other than
the 5 protocol. In addition, an AI/ML model is an exemplary scenario, and the technical
solutions described in this application can be generalized or applicable to any model that
determines a relationship between an input and an output.

{0035} Initial Comments.

[6036] Artificial Intelligence/Machine Learning (AYML) has been studied and applied in
various fields.

[0037] Some studies in Artificial Inteligence and Machine Learning are conducted to
improve the efficiency of wireless communication system, especially in physical layer.

For example, an AVML model can be used to increase the accuracy of channel state information
(CShH. Additionally, AVML models can predict bearn inforrmation. To support channel
measurernent by using AVML models, UESs in the network should have corresponding
capabilities.

{0038] This apphication discloses some procedares are proposed to report UE capabilities
involving AVML models. Due to the limited model generalization and dynamic environments,
the model may degrade its performance over time. Accordingly, in this application, several
solations are discussed to monitor the model performance.

{06039} i Introduction

{6040} AYML has been studied and used in various fields to extract features that cannot be
derived by other mathematical methods. In general, AYML model is a data driven algorithm that
applies AVML techniques to generate a set of outputs based on a set of inputs, which includes at

least three parts as shown in FIG. 1:

- Al model mput: the data fed into an AVML model,

- Al model sutput: the output of an AVML model, and

- Al meodel: an algorithro to derive the relationship between Al roodel input and Al

mode] output

{6041} To facilitate the discussion, the following terminologies are introduced with some

general descriptions.

W
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10042] Al model training is a process to train an AI/ML model by learning the input/output
relationship in a data driven manner and to obtain the trained AY/ML model for inference.
10043] Al model Inference is a process of adopting a trained AIVML model to produce a set
of outputs based on a set of inputs.

10044 In a measurement report, e.g., a CS1 report or beam report). A UE may use an Al
model to derive the measurement report. To support channel measurement by using AV/ML
models, UE should have corresponding capabilities.

[0045] In this application, some procedures are proposed to report UE capahilities involving
AV/MIL. models. Furthermore, due to the Hmited model generalization and dynamic environments,
the model may degrade its performance over time. In other words, the data used for Al model
training and that for Al model inference may be quite different, causing the Al model unable to
get the expected Al model output. In this application, several solutions are discussed to roonitor
the model performance.

{0046} iL Example Embodiments

{0047} A. Capability signaling or assistance signaling

{00438] In sorne embodiments, a UE may report its model {e.g., AVML model) related
information to a network through a UE capability signaling or an assistance information
signaling.

{6049 In some embodiments, the model related information can be reported after a network
sends a request message to a UE, where the request message may include a model identifier.
{6056] In some embodiments, model related information can be reported without firstly

requesting a message from the network.

{6051 in some embodiments, the model related information includes time requirements for a
model.
[6052] In some embodiments, the model related information may include a model identifier

to associate with the corresponding time requirements.
{0053] The time requirements may include one of the following:

{0054} 1) Computation time

[0055] In an example, the computation time may include the time that a UE needs to
conduct/operate/execute a model and/or the tirne a UE needs to prepare a measurement report

associated with the model.
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10056} In some embodiments, the computation time is the same to all models.

[0057] In some embodiments, the computation time is different for different report guantities
i1 a measurement report. In other words, the computation time depends on the content included
in the measurement report. For example, the computation time for beam report and that for €51
report may be different.

[0058] In some embodiments, the computation time is not required to be reported by a UE.
The computation time reuses the value defined for non-model based measurement report.

{8059 2) Computation time offset

[6060] In an exarople, cormputation time offset may include the additional tirne that a UE

needs to conduct/operate/execute for a model.

[6061] In some embodiments, each model has its own computation time offset.
[0062] In some embodiments, the computation time offset is not required to be reported by a

UE. In this scenario, the value of computation tirne offset i3 set zero by default. Alternatively, a
UE can report a zero value for the computation time offset.

[6063] In some embodiments, as shown in FIG. 2, a UE may only report a measurerment
report based on reference signal(s) that is received T time units earlier than the time when the
measurement report is transmitted, where the T timne units are computation time plus
computation time offset.

{08064} 3 Model activation/application time

18065} In some embodiments, when a UE receives a Media Access Control (MAC)
signaling including an indication command to use a model, the UE may need some time to
activate the model. For example, when a UE transmits a PUCCH with HARQ-ACK information
in time n corresponding to the PDSCH carrying the indication command, the UE assumes that
the corresponding model to be ready/activated for inference should be applied at time n + model
activation time.

[0066] In some embodiments, when a UE receives a Downlink Control Indication (DCI)
including an indication command to use a model, UE may need some time to activate the model.
For example, when a UE receives a PDCCH carrying an indication command in time 1, the UE
assumes that the corresponding model to be ready/activated for inference should be applied at

tirmne 1 + model activation time.
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[0067] In some embodiments, a UE can send a signaling to inform a network that a model is
ready/activated for inference. In some embodiments, if a UE can send a signaling to inform a
network that a model is ready/activated for inference and if the UE is indicated to use this model
to do operations, the UE doesn’t need extra time (e.g., activation time) to activate this model.
[0068] In some embodiments, the signaling can be transmitted by a PUCCH, where each
model may be associated with a dedicated PUCCH resource.

[0069] In some embodiments, the signaling can be transmitted by a PRACH, where each
model may be associated with a dedicated PRACH.

[0070] In some embodiments, a UE can receive the response from a network to confirm that
the signaling has been received successfully by the network. In some embodiments, the response
is transmitted by a MAC signaling. In some embodiments, if a UE detects a PDCCH scrambled
by a dedicated RNT], the UE is confirmed that the signaling has been received successfully by
the network.

{0071] In some embodiments, if a UE doesn’t receive the response, the UE may deactivate
the model automatically.

{0072} In sore embodiments, a UE may deactivate the model automatically when the
waiting time, starting from the UE sending the signaling, exceeds a time threshold.

{0073] In some embodiments, a UE may report concurrent/mixed UE capabilities for model
related and non-model related.

{0074} In some embodiments, a UE may report that UE can be configured with the number
of measurement report(s) using model and the number of measurement report(s) not using
model.

[6075] For example, a UE may report that when the UE is configured with M CSIreports
using a model in a Bandwidth Part/Component Carrier (BWP/CC), the UE is not expected to be
configured more than N other CS1 reports not using model. Here, the value of N is either not
required to be reported or can be reported by a value zero, both of which indicate that when
contigured with CS1 reports using a model, the UE cannot be configured with other CSI reports
not using model.

[0076] In another exarmple, a UE may report that when the UE is configured with M beam
reports using a model in a BWP/CC (Bandwidth Part/Coraponent Carrier), the UE is not

expected to be configured more than N other beam reports not using model. Here, the value of N
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is not required to be reported or can be reported by a value zero, both of which indicate that
when configured with beam reports using a model, the UE cannot be configured with other beam
reports not using model.

{6077} In some embodiments, a UE may report that the UE can process simultanecusly for
measurement report(s) using model and measurement report(s) not using model.

{6078 For example, a UE can process simultaneously for M beam reports using mode!l and
N beam reports not using model in a CC (or across all CCs). The value of N is not required to be
reported or can be reported by a value zero.

[6079] For exarople, UE can process simultaneously for M beam report using model and N
CS1reports not using model in a CC (or across all CCs). The valoe of N is not required to be
reported or can be reported by a value zero.

{6080} B. Medel monitoring procedure

[0081] At the UE side, the performance of a deployed model roay not always be good. Due
to the limited mode] generalization and dynamic environment, the performance of the model may
degrade. Therefore, both the network and the UE should constantly monitor the performance of
the model.

[0082] Here we propose three solutions to conduct the model performance monitoring.
{6083] Method 1: Network provides assistance channel information to assist model
performance monitoring.

{0084 In some embodiments, a UE may report the relationship between the assistance
channel information and the actual channel measurement.

{0085] In an example shown in FIG. 3, an assistance channel information and an actual
channel measurement are denoted by H 4. and H respectively. The first Al model ocutput is

H yssice and its Al model input 18 based on assistance channel information. The second Al model
output is H and its Al model jnput is based on actual channel roeasurement

[0086] One metric to evaluate the model performance is similarity, e.g., a cosine similarity, a
generalization cosine similarity, or a square generalization cosine similarity. Assurne the
similarity between Hygggr and H 18 Sipp,, and the similarity between Hyesisrand H is Soutpuc- 10
an example, if the valae of 5, equals to (or approximately equals to) that of S5, the Al

model still works well with some guaranteed performance.
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18087} Another metric to evaluate the model performance is distance, e.g., Euclidean
distance or normalized mean squared error. Assume the distance between H . and f i3
Dinpye and the distance between ﬁassistami H is Doyipur- 1o an exarnple, if the value of Dy,
equals to (or approximately equals to) that of Dgyip, the Al model still works well with some
guaranteed performance.

[0088] In some embodiments, UE needs to report a performance indication to network ahout
the result of performance monitoring.

[0089] In some embodiments, the performance indication inclades an indicator in a
roeasurergent report.

For example, the value of 0 and 1 mean the Al model is invalid and valid respectively. More
specifically, the value O means Sg.p0u/Sinpe O Dowrpue/ Dingrs 18 tower than a threshold.
{6096] In some embodiments, the performance indication includes the value of similarity
(Sinpur 04 Soyipee ) OF @ distance (Dyp, and Dy, 0, ) in 2 measurement report. In some

embodiments, the performance indication includes the value of Syupue/Sinpur o7

Dautput/Dinput :
{0091} In sore embodiments, network may provide a bunch of assistance channel

information. In this case, each assistance channel information may be associated with an

performance indication.

{0092} Method 2: Dedicated channel measurement occasion is used to monitor the

model performance,

[6093] In some embodiments, a network may indicate at least one dedicated channel

measgrement occasion to monitor the model performance.

[6094] In one example where an Al model 18 adopted for channel prediction, the Al model
nput 1s based on acteal channel measurerents 1o some previous occasions {e.g., observation
occastons). The Al model output is the predicted channel measurerents that can be used in some
future occasions (e.g., predication occasions). Therefore, a UE doesn’t have to acquire actual
channel measurernents of prediction occasions. However, if an occasion is indicated as a
dedicated channel measurement occasion (e.g., monitoring occasion) to monitor the model

performance, as shown in FIG. 4, a UE may need to acquire both actual and predicated channel

10
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measurements. Then, a UE/network can compare actual channel measurement and predicated
channel measurement to check whether the channel prediction is accurate enough.

[0095] In some embodiment, a UE has to report both actual channel measurement and
predicated channel measurement of the monitoring occasion in a measurement report.

10096} In one example, an Al model is adopted for beam prediction.

[0097] In some embodiments, the actual channel measurement includes RSRP(s) of a
plurality of reference signals, and the predicated channel measurement includes RSRP(s) of the
plurality of reference signals.

[0098] In some embodiments, a network may indicate the numbers of RSRP(s) included in
actual and predicated channel measurement

[0099] In some embodiments, the nomber of RSRP(s) included in actual channel

measurement and the that included in predicated channel measurement are the same.

[0100] In some embodiments, each RSRP is associated with a reference signal index.
{0101} In another exarple, the Al model can be adopted for CSI prediction.
16102} In some embodiments, the actual channel measurement includes a traditional

codebook-based precoding matrix indication (PMI).

[0103] Method 3: Dedicated module of an Al module is for model performance
monitoring

16104} In some embodiments, a part of Al model output can be used for model performance
monitoring.

{6105] in some embodiments, the part of Al model ocutput at least includes an indicator
showing whether the Al model is valid or not. The indicator can be reported in a measurement
report.

{0106} In some embodiments, the relationship between the part of Al model output and the
Al model input can be used for model performance monitoring.

{8107} In an example as shown in FIG. 3, the Al model input is channel information H, the
Al model output of first sub-module is the compressed channel information H, and the Al
model input of second sub-module is the reconstructed channel information H,.

[0108] In some embodiments, a measurement report may include an indication of the

relationship.

1
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10109} In some embodiments, the relationship can be the similarity/distance between the
channel information and the reconstructed channel! information.

{0110} In some embodiments, a measurement report may include both an indication to the
relationship and the compressed channel information.

{0111} In some embodiments, a UE gets N measurement results based on the received
reference signal(s). An Al model input may include only M measurement results of the N
measurement results with M<N. In this scenario, the remaining N-M measurement results can be
used for model performance monitoring.

{0112} In some embodiments, the N measurement results are N RSRP values, where each
RSRP value correspounds to a beam between a network and a UE. An Al model input only
includes M RSRP values out of the N RSRP values with M<N. Accordingly, the remaining N-M
RSRP values can be used for model performance monitoring. The remaining N-M RSRP values
correspond to a set of heams between a network and a UE. Furthermore, the part of Al model
output inchudes the predicted N-M RSRP values correspond to the set of beams between a
network and a UE.

{0113] In sore embodiments, a UE may report a validity indicator based on the remaining
N-M RSRP values with the predicted N-M RSRP values.

10114} In some embodiments, the validity indicator can be the similarity between the
remnaining N-M RSRP values and the predicted N-M RSRP values.

{0115} In some embodiments, the validity indicator can be the difference {or distance)
between the remaining N-M RSRP values and the predicted N-M RSRP values.

{0116} In some embodiments, a UE may report both the remaining N-M RSRP values and
the predicted N-M RSRP values in a measurement report.

{0117} In some embodiments, one of the predicted N-M RSRP values is reported relative to
one of the remaining N-M RSRP values corresponding the same beam between a network and a
UE.

{0118} In some embodiments, the N measurement results are N channel measurement results
corresponding to a N-port reference signal. An Al model input only includes M (M<N) channel
measurement results out of the N channel measurement results. Accordingly, the remaining N-M
chanuel measurernent results can be used for model performance monitoring. The rernaining N-

M channel measurement results correspond to a set of ports of the N-port reference signal.

12
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Furthermore, the part of Al model output includes the predicted N-M channel measurement
resuits correspond to the set of ports of the N-port reference signal.

{0119} In some embodiments, a UE may report a validity indicator based on the remaining
N-M channel measurement results and the predicted N-M channel measurement results.

10120} In some embodiments, the validity indicator can be the similarity between the
remaining N-M channel measurement results and the predicted N-M channel measurement
resulis.

[0121] In some embodiments, the validity indicator can be the difference (or distance)
between the remaining N-M channel roeasurement results and the predicted N-M channel
measurernent results.

[0122] FIG. 6 shows an exemplary block diagram of a hardware platform 600 that may be a
part of a network device (e.g., base station) or a communication device (e.g., a user equipment
(UE)). The hardware platform 600 includes at least one processor 610 and a memory 605 having
mstructions stored thereupon. The instructions upon execution by the processor 610 configure
the hardware platform 600 to perform the operations described in FIGS. | to 5 and 7 and in the
various emnbodiments described in this patent docursent. The transmitter 615 fransmits or sends
information or data to another device. For example, a network device transmitter can send a
message to a user equipment. The receiver 620 receives information or data transmitted or sent

by another device. For example, a user equiprent can receive a message froro a network device.

[0123] The implementations as discussed above will apply to a wireless cormunication.
FIG. 7 shows an example of a wireless comimunication system (e.g., a 3G or NR cellular
network) that includes a base station 720 and one or more user equipment {UE} 711, 712 and
713. In some embodiments, the UEs access the BS {e.g., the network) using a communication
link to the network (sometimes called uplink direction, as depicted by dashed arrows 731, 732,
733), which then enables subsequent communication {e.g., shown in the direction from the
network to the UEs, sometimes called downlink direction, shown by arrows 741, 742, 743} from
the BS to the UEs. In some embodiments, the BS send information to the UEs {sometimes called
downlink direction, as depicted by arrows 741, 742, 743), which then enables subsequent
conumunication (e.g., shown in the direction from the UEs to the BS, sometimes called uplink

direction, shown by dashed arrows 731, 732, 733) from the UEs to the BS. The UHE may he, for
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example, a smartphone, a tablet, a mobile computer, a machine to machine (M2M) device, an

Internet of Things (loT) device, and so on.

[0124] A wireless communication method, comprising transmitting, by a communication
device, a capability message indicating that the communication device is capable of using a

model by the communication device to perform one or more wireless communication operations.

{6125} In some embodiments, the capability message includes time requirements of the

model. In some embodiments, the time requirements are associated with a model identifier.

{6126} In some embodiments, the model can be received by the communication device from

a network.

{6127} In some embodiments, the capability message include one of the following: a
computation time, a computation time offset, or a model activation time. In some embodiments,
the computation time is a time the communication device needs to conduct an operation, wherein
the computation time offset is an additional time the communication device needs to conduct an
operation, wherein the model activation time is a time the communication device needs to

activate an operation.

{6128} in some embodiments, the computation time can be a constant independent of the
model selected. In some embodiments, the value of the computation time offset depends on the
model. In some embodiments, the capacity message indicates a measurement report is created
after a time lapse T based on a reference signal received by the communication device, wherein

T depends on the computation time offset and the computation time.

10129} In some embodiments, the method further comprising transmitting, by the

conumunication device, an identifier message indicating whether the model is activated.

10130} In some embodiments, the identifier message can be sent through a PUCCH. In some
embodiments.
10131} In some embodiments, the method further comprising receiving, by the

conumunication device, a response indicating the identifier message was received successfully.
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18132} In some embodiments, the method further comprising deactivating, by the
communication device, the model when the response was not received by the communication

device.

{6133} In some embodiments, the capability message includes a capacity of the
communication device, wherein the capacity includes concurrent capability for model-related

and non-model related.

{0134} Another wireless commuuication method, comprising reporting, by a communication

device, a performance indication of a model.

10135} In some embodiments the performance indication includes a relationship between an
assistance information with an actual measurement information conducted by the communication

device.

{6136} In some embodiments, the relationship can be a similarity or a distance, wherein the
similarity includes cosine similarity, generalization cosine similarity or square generalization
cosine similarity, wherein the distance includes Euclidean distance or normalized mean square

CITOL.

{6137} In some embodiments, the communication device is configured with at least a
dedicated occasion used for the performance indication of the model. In some embodiments, the
performance indication includes a predicated measurement and an actual measurement of the

dedicated occasion.

{6138} In some embodiments, the actual measurement includes RSRP(s) of a plarality of
reference signal, wherein the predicted measurement includes predicted RSRP(s) of the reference

signals based on the model.

10139} In some embodiments, the actual measurement includes codebook-based precoding

matrix indication (PMI).

10140} In some embodiments, the performance indication further inchades a relationship

between the output of the model and an input of the model.
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10141} In some embodiments, the performance indication includes a relationship between M-
N remaining measurement results of N measurement results and a part of the model output,
wherein the N measurement results are based on the reference signals, wherein the M
measurement results are based on the N measurement results and are used for an input of the

model, wherein M < N.

[0142] In some embodiments, the relationship can be a similarity or a distance, wherein the
similarity can be at least one of the following: cosine similarity, generalization cosine similarity
or square generalization cosine similarity, wherein the distance can be at least one of the

following: Buclidean distance or normalized mean square error.

[0143] An In yet another exemplary aspect, the above-described methods are embodied in
the form of processor-executable code and stored in a non-transitory computer-readable storage
medium. The code included in the computer readable storage medium when executed by a

processor, causes the processor to implement the methods described in this patent document.

{6144 In yet another exermplary embodiment, a device that is configured or operable to

perform the above-described methods is disclosed.

{0145} The above and other aspects and their implementations are described in greater detail

in the drawings, the descriptions, and the claims.

{01406] In this document the term “exemplary” 15 used to mean “an example of” and, unless
otherwise stated, does not imply an ideal or a preferred embodiment.

{6147} Some of the embodiments described herein are described in the general context of
methods or processes, which may be implemented in one embodiment by a computer program
product, embodied in a computer-readable medium, including computer-executable instructions,
such as program code, executed by computers in networked environments. A computer-readable
mediurn may include removable and non-rernovable storage devices including, but not Himited to,
Read Only Memory (ROM)}, Random Access Memory (RAM), compact discs (CDs), digital
versatile discs (DVD), ete. Therefore, the computer-readable media can include a non-transitory
storage media. Generally, program modules may inchide routines, programs, objects,

components, data structares, etc. that perform particular tasks or iroplement particular abstract
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data types. Computer- or processor-executable instructions, associated data structures, and
program modules represent examples of program code for executing steps of the methods
disclosed herein. The particular sequence of such executable instructions or associated data
structures represents examples of corresponding acts for implementing the functions described in
such steps or processes.

{0148} Some of the disclosed embodiments can be implemented as devices or modules using
hardware circuits, software, or combinations thereof. For example, a hardware circuit
implementation can include discrete analog and/or digital components that are, for example,
integrated as part of a printed circuit hoard. Alternatively, or additionally, the disclosed
components or modules can be implemented as an Application Specific Integrated Circuit
(ASIC) and/or as a Field Programmable Gate Array (FPGA) device. Some iroplementations may
additionally or alternatively include a digital signal processor (DSP) that is a specialized
microprocessor with an architecture optimized for the operational needs of digital signal
processing associated with the disclosed functionalities of this application. Similarly, the various
components or sub-components within each module may be implemented 10 software, hardware
or firmware. The connectivity between the modales and/or components within the modules may
be provided using any one of the connectivity methods and media that is known in the art,
including, but not limited to, communications over the Internet, wired, or wireless networks
using the appropriate protocols.

[0149] While this document contains many specifics, these should not be construed as
limitations on the scope of an invention that is claimed or of what may be claimed, but rather as
descriptions of features specific to particular embodiments. Certain features that are described in
this document in the context of separate embodiments can also be implemented in combination
in a single embodiment. Conversely, various features that are described in the context of a single
embodiment can also be implemented in multiple embodiments separately or in any suitable sub-
combination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
corbination can in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or a variation of a sub-combination. Similarly, while

operations are depicted in the drawings in a particular order, this should not be understood as

o
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requiring that such operations be performed in the particular order shown or in sequential order,
or that all iHustrated operations be performed, to achieve desirable results.

{0150} Only a few implementations and examples are described and other implementations,
enhancements and variations can be made based on what is described and illustrated in this

disclosure.
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CLAIMS

What is claimed is:

L2

L]

A wireless communication method, comprising:
transmitting, by a communication device, a capability message indicating that the
communication device is capable of using a model by the communication device to

perform one or more wireless communication operations.

The method of claim 1, wherein the capability message includes time requirements of

the model.

The method of claim 2, wherein the time requirements are associated with a model

identifier.

The method of claim 3, wherein the model can be received by the comrmunication

device from a network.

The method of claim 2, wherein the capability message include one of the following:
a computation time, a computation time offset, or a model activation time,

wherein the computation tine 1% a time the communication device needs (o
conduct an operation, wherein the computation time offset is an additional tme the
communication device needs to conduct an operation, wherein the model activation

time is a time the comruunication device needs to activate an operation.

The method of claim 5, wherein the computation time can be a constant independent

of the model selected.

The method of claim 5, wherein the value of the computation time offset depends on

the model.
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10,

12.

14.

15.

16.

The method of claim 5, wherein the capacity message indicates a measurement report
is created after a time lapse T based on a reference signal received by the
communication device, wherein T depends on the computation time offset and the

computation time.

The method of claim 1 further comprising transmitting, by the communication device,

an identifier message indicating that the model is activated.

The method of claim 9, wherein the identifier message can be sent through a PUCCH.

The method of claim 9 further comprising receiving, by the commmunication device, a

response indicating the identifier message was received successfully.

The method of claim 11 further comprising deactivating, by the communication

device, the model when the response was not received by the communication device.

The method of claim 1, wherein the capability message includes a capacity of the
communication device, wherein the capacity includes concurrent capability for

model-related and non-model related.

A wireless comnmunication method, comprising:

reporting, by a communication device, a performance indication of a model.

The method of claim 14, wherein the performance indication includes a relationship
between an assistance information and an actual measurement information conducted

by the communication device.

The method of claim 15, wherein the relationship can be a sinularity or a distance,

wherein the similarity includes cosine similarity, generalization cosine similarity or
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17.

8.

19.

20.

21.

square generalization cosine similarity, wherein the distance includes Euclidean

distance or normalized mean sguare error.

The method of claim 14, wherein the compunication device is configured with at

least a dedicated occasion used for the performance indication of the model.

The method of claim 14, wherein the performance indication includes a predicated

measurement and an actnal measurement of the dedicated occasion.

The method of claim 18, wherein the actual measurement includes RSRP{(s) of a
plurality of reference signal, wherein the predicted measurement includes predicted

RSRP(s) of the reference signals based on the model.

The method of claim 18, wherein the actual measurement includes codebook-based

precoding matrix indication (PME).

The method of claim 14, wherein the performance indication further includes a

relationship between the cutput of the mode! and an input of the model.

The method of 14, wherein the performance indication includes a relationship
between M-N remaining measurement results of N measurement results and a part of
the model output, wherein the N measurement results are based on the reference
signals, wherein the M measurement results are based on the N measurement results

and are used for an input of the model, wherein M <N.

The method of claim 21 or 22, wherein the relatiouship can be a similarity or a
distance, wherein the similarity can be at least one of the following: cosine similarity,
generalization cosine similarity or square generalization cosine similarity, wherein the
distance can be at least one of the following: Euclidean distance or normalized mean

square error.
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24.

An apparatus for wireless communication comprising a processor, configured to

implement a method recited in one or more of claims 1 to 24,

A non-transitory computer readable program storage medium having code stored
thereon, the code, when executed by a processor, causing the processor to implement

a method recited in one or more of claims 1 to 24.

3
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