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1. Introduction

In RAN2#125bis meeting, RAN2 made the following agreements on LCM for UE-sided model [1]:

Agreements

1.
Which AI/ML-enabled Features/FGs and functionalities are supported should be standardized. The details wait for RAN1’s progress.   “supported” means that the UE is capable of supporting the functionality and doesn’t mean neccesarily that the UE has the model available.  FFS what functionality refers to.  
2.
Supported AI/ML-enabled Features/FGs and supported functionalities are included in UE capability.

Agreements for positioning and beam management 

1 Support proactive reporting of UE-sided applicable functionality, e.g., the UE reports its applicable AI/ML functionalities via UAI message/LPP message.  
2 Support reactive reporting of UE-sided applicable functionality.  The NW configures AI/ML functionalities via RRC/LPP message.  FFS what the configuration contains. FFS how to report applicable functionality and what is applicable functionality 

3
FFS how the two approaches will be specified and whether we can combine them into one procedure.    FFS how to report applicable functionality, what is applicable functionality, how the UE determines which function is applicable or not (if it is needed)
Agreements:

1
For UE-sided model, for the functionality management, the “network decision, network-initiated” AI/ML management is supported as a baseline.  The following can be considered further “UE autonomous, decision reported to the network”, “Network decision, UE-initiated” (i.e. proactive approach).  

2
“UE-autonomous, UE’s decision is not reported to the network” is not considered for Rel-19

In this contribution, we will focus on LCM discussion for UE-sided model for BM use case except model transfer/delivery part and data collection for model training purpose.
2. Discussion 
In our view, functionality management for UE-sided model with network involvement can be divided into three periods:
Functionality management period 1: the period before functionality/model activation.
Functionality management period 2: the period to activate a functionality/model.
Functionality management period 3: the period after functionality/model is activated.
Figure 1 is the overall signaling flow example on LCM for UE-sided model:

[image: image1.png]Functionality management period 1:
theperiod before finctionality/model
activation,

Functionality management period 2:
theperiod to activate a functionality/
‘modd

Functionality management period 3:
the period after functionality/model
is activated

UE Network

1.UE capability signaling
>
2.Additional condition reporting
--------------------------- >
3 Functionality activation
[
4infrence
5. Inference output

>

6. Performance monitoring configuration

7. Performance monitoring feedback
|

8 Functionality deactivation

9 Model switching





Figure 1 Overall signaling flow example on LCM for UE-sided model
In the following sub-clauses, we’d like to organize the discussion based on three periods above.
2.1 Functionality management period 1: the period before functionality/model activation
For UE capability signaling, RAN2 made the following agreements during the last RAN2 meeting [1]:
1.
Which AI/ML-enabled Features/FGs and functionalities are supported should be standardized. The details wait for RAN1’s progress.   “supported” means that the UE is capable of supporting the functionality and doesn’t mean neccesarily that the UE has the model available.  FFS what functionality refers to.  
2.
Supported AI/ML-enabled Features/FGs and supported functionalities are included in UE capability.

Although the capability details are pending on RAN1 progress, it’s still straightforward to consider reporting supported AI/ML-enabled Features/FGs per sub-use case as the LCM discussion is organized per sub-use case. As for finer granularity for AI/ML capability reporting, e.g. per model sidedness per sub-use case or per configuration/scenario per sub-use case, we can further discuss the necessity.
Proposal 1: For UE-sided model for BM use case, RAN2 assumes supported AI/ML-enabled Features/FGs are reported per sub-use case. FFS to consider finer granularity, e.g. per model sidedness per sub-use case or per configuration/scenario per sub-use case.
RAN2 also clarified that “supported” means that the UE is capable of supporting the functionality and doesn’t mean neccesarily that the UE has the model available. NW cannot know which UE side AI/ML model is available only based on UE capability, that’s why RAN2 considers to additionally report UE-sided applicable functionality, i.e. proactive/reactive reporting of UE-sided applicable functionality. But what is UE-sided applicable functionality is still unclear, in our understanding, UE-sided applicable functionality is equal to UE-sided supported sub-use case, only if UE really has the model available UE can additionally report UE-sided applicable functionality associated with the available model via non-UE capability signaling. For instance, UE reports its support of BM case 1 and BM case 2, but UE only has BM case 1 model available when connecting with current serving cell, so UE can additionally report its support of BM case 1 via non-UE capability signaling.
Proposal 2: For UE-sided model for BM use case, RAN2 assumes only if UE really has the model available UE can additionally report UE-sided applicable functionality associated with the available model via non-UE capability signaling.
The next question is how UE to report UE-sided applicable functionality associated with the available model. In our view, both explicit and implicit method can be considered. For explicit method, RAN2 can consider to introduce functionality ID or model ID for UE-sided applicable functionality, i.e. each UE-sided supported sub-use case is associated with a functionality ID or model ID. As for implicit method, NW may need to give its concerned UE-sided functionality to UE side via DL RRC message and then UE gives the response via a bitmap included in a UL RRC message to indicate its applicability for each NW concerned UE-sided functionality. In our view, explicit method is more future proof considering more and more UE-sided supported sub-use case may be introduced in the future.
Proposal 3: For UE-sided model for BM use case, RAN2 assumes functionality ID is used by UE to indicate UE-sided applicable functionality. The reported functionality ID refers to a UE-sided supported sub-use case.
As for which signaling is used to report UE-sided applicable functionality, we understand at least the following RRC message can be considered: RRCReconfigurationComplete/RRCResumeComplete/RRCSetupComplete/ UEAssistanceInformation message.
Proposal 4: For UE-sided model for BM use case, RAN2 assumes the following RRC messages can be considered by UE to report UE-sided applicable functionality:

RRCReconfigurationComplete/RRCResumeComplete/RRCSetupComplete/UEAssistanceInformation message.
To make the UE reporting efficient, NW may give some filtering info when triggering UE to report UE-sided applicable functionality. If P3 is agreed, we think it’s nature that NW can use functionality ID or model ID to work as the filtering info.
Proposal 5: For UE-sided model for BM use case, RAN2 assumes NW will use functionality ID to filter UE-sided applicable functionality reporting. The configured functionality ID refers to a NW concerned UE-sided sub-use case.
Considering P4 above, we think the following RRC messages can be further considered to configure the filtering info for UE-sided applicable functionality reporting:

RRCReconfiguration/RRCResume/RRCSetup message.
Proposal 6: For UE-sided model for BM use case, RAN2 assumes the following RRC messages can be further considered to configure the filtering info for UE-sided applicable functionality reporting:

RRCReconfiguration/RRCResume/RRCSetup message.
Additional condition is another topic RAN2 needs to clarify, based on latest RAN1 agreements made during last RAN1 meeting [2]:
Agreement

From RAN1 perspective, for UE-sided model(s) developed (e.g., trained, updated) at UE side, following procedure is an example (noted as AI-Example1) of MI-Option1 for further study (including the feasibility/necessity)
· A: For data collection, NW signals the data collection related configuration(s) and it/their associated ID(s) 
· Associated IDs for each sub use case in relation with NW-sided additional conditions

· B: UE(s) collects the data corresponding to the associated ID(s)  
· C: AI/ML models are developed (e.g., trained, updated) at UE side based on the collected data corresponding to the associated ID(s). 
· D: UE reports information of its AI/ML models corresponding to associated IDs to the NW. Model ID is determined/assigned for each AI/ML model
· relationship between model ID(s) and the associated ID(s)

· How model ID(s) is determined/assigned, e.g., 

· Alt.1: NW assigns Model ID

· Alt.2: UE assigns/reports Model ID

· Alt.3: Associated ID(s) is assumed as model ID(s)

· “Model ID is determined/assigned for each AI/ML model” in D is not needed

· Alt.4: Model ID is determined by pre-defined rule(s) in the specification

· FFS: how to report

· Note: D is to facilitate AI/ML model inference

· Note: Step A/B/C and additional interaction of associated IDs between UE and NW can be considered as a different solution for resolving the consistency without model identification.
Based on above, RAN1 understands associated IDs can be considered as the additional condition which refers to the data collection related configuration(s). And UE reports information of its AI/ML models corresponding to associated IDs to the NW. In our view, associated ID is the finer granularity of UE-sided applicable functionality reporting as even within the same functionality/sub-use case, one or multiple associated IDs can refer to the same functionality/sub-use case, each associated ID refers to a NW side data collection configuration.
Proposal 7: For UE-sided model for BM use case, RAN2 assumes UE can also report at least one associated ID per functionality when reporting UE-sided applicable functionality. The associated ID refers to a NW side data collection configuration.
As for what is functionality identification, based on the definition given by RAN1 [3]:

	Terminology
	Description

	Functionality identification
	A process/method of identifying an AI/ML functionality for the common understanding between the NW and the UE

Note: Information regarding the AI/ML functionality may be shared during functionality identification.

FFS: granularity of functionality


Note: whether and how to indicate Functionality will be discussed separately. 

In our understanding, the definition of functionality identification is more like a functionality level requirement than a signaling level requirement. We think functionality identification can be achieved by UE capability and UE-sided applicable functionality reporting. No separate signaling is introduced for functionality identification.

Proposal 8: For UE-sided model for BM use case, RAN2 assumes functionality identification is achieved by UE capability and UE-sided applicable functionality reporting. No separate signaling is introduced for functionality identification.
2.2 Functionality management period 2: the period to activate a functionality/model

The network may be ready to activate a functionality/model after getting enough assistant info from functionality management period 1. The signaling type, e.g. RRC or MAC CE or DCI, may be one of our focus for functionality/model activation, but we think it’s still too early to discuss which signaling will be adopted to activate a functionality/model. The reason is that it’s still unclear what kind of parameter is fundamental to activate a functionality/model. Once we give a clear answer for above question, it may be quite easy to decide the signaling for functionality/model activation in our view.
Based on RAN1 agreements, RAN2 can know that one or multiple associated IDs can refer to the same functionality/sub-use case, each associated ID refers to a NW side data collection configuration. Table 1 below is a typical example to reflect the assumption:
Table 1 A example scenario in which multiple models are associated with the same functionality
	
	Model Type
	Meta data associated with the corresponding type of model

	Functionality 1
	Type 1 Model
	associated ID 1 which refers to Meta data 1

	
	Type 2 Model
	associated ID 2 which refers to Meta data 2

	
	Type 3 Model
	associated ID 3 which refers to Meta data 3

	Functionality 2
	Type 1 Model
	associated ID 1 which refers to Meta data 1

	
	Type 2 Model
	associated ID 2 which refers to Meta data 2


In Table 1, Three types of model are associated with Functionality 1, each model type is differentiated via different associated ID. For instance, Functionality 1 is spatial domain beam prediction, Type 1 Model is trained with dataset 1 under configuration 1/Scenario 1, Type 2 Model is trained with dataset 2 under configuration 2/Scenario 2 and Type 3 Model is trained with dataset 3 under configuration 3/Scenario 3.
Usually network will activate a functionality via a specific configuration(s) associated with that functionality, this is the way we adopt in legacy without ambiguity. When it comes to AI/ML functionality activation, at least AS configuration, e.g. RS configuration, needs to be configured to UE for beam measurements, but it’s still not enough considering the same AS configuration may refer to multiple types of model within the same functionality. In this case, associated ID also needs to be configured to UE for model type selection purpose.
Proposal 9: For UE-sided model for BM use case, RAN2 assumes at least one associated ID can be configured to UE along with RS configuration per functionality. The associated ID refers to a NW side data collection configuration.
One remaining part is about which signaling should be used to activate an AI/ML functionality. At least, RRC signaling should be the baseline to activate an AI/ML functionality. Considering the potential subsequent model switching requirement within the same functionality, we think two-step functionality activation procedure, i.e. RRC configures the configuration and MAC CE is used to activate an AI/ML functionality, should not be precluded at this stage.
Proposal 10: For UE-sided model for BM use case, RAN2 assumes RRC signaling is the baseline to activate an AI/ML functionality. FFS whether to consider two-step functionality activation procedure, i.e. RRC configures the configuration and MAC CE is used to activate an AI/ML functionality.
2.3. Functionality management period 3: the period after functionality/model is activated

After functionality/model is activated, we think the following LCM functionalities may be further involved:
- functionality/model inference
- functionality/model deactivation
- model switching
- Performance monitoring
- functionality/model fallback.
Let’s discuss one by one.
For functionality/model inference, the analysis highly relies on use case and input part and output part should be considered separately.
For beam management including BM case 1 and BM case 2, RAN1 gave the following guidance in the reply LS [4]:
· For CSI enhancement and beam management use case:

· For model training, training data can be generated by UE/gNB and terminated at gNB/OAM/OTT server.

· For NW-sided model inference, input data can be generated by UE and terminated at gNB.

· For UE-side model inference, input data/assistance information is internally available at UE. can be generated by gNB and terminated at UE.
· For performancemodel monitoring at the NW side, calculated performance metrics (if needed) or data needed for performance metric calculation (if needed) can be generated by UE and terminated at gNB.

For UE-sided model inference input on BM use cases, input data is internally available at UE. Of course, UE needs to listen to the reference signaling transmitted by the network. The reference signaling configurations for beam management purpose are configured via RRC configuration in legacy, it’s still unclear whether RAN1 has the intention to introduce AI/ML specific reference signaling configurations for AI/ML related beam management use cases. RAN1 should be the leader group for this part. 
For UE-sided model inference output on BM use cases, L1 signaling will be used to report UE measured and/or predicted beam measurements, no RAN2 impact is foreseen.
Proposal 11: For UE-sided model inference for BM use cases, L1 signaling will be used to report UE measured and/or predicted beam measurements, no RAN2 impact is foreseen.

In last RAN2 meeting, RAN2 agreed that the “network decision, network-initiated” AI/ML management is supported as a baseline.  The following can be considered further “UE autonomous, decision reported to the network”, “Network decision, UE-initiated” (i.e. proactive approach) [1].

We understand for functionality management, “UE autonomous, decision reported to the network” method should be supported also, because UE internal memory and computing resource may change dynamically as the time goes by, UE knows better than NW for this internal change, so at least, UE can suggest which functionality should be deactivated, but the final decision is still up to NW implementation.
Proposal 12: For UE-sided model for BM use case, UE can suggest which functionality should be deactivated in UL RRC message, but the final decision is still up to NW implementation.
As for “Network decision, UE-initiated” (i.e. proactive approach) method, we think this method should be deprioritized because status mismatch may happen if UE altonomously deactivates an AI/ML functionality based on NW pre-configured condition.
Proposal 13: For UE-sided model for BM use case, RAN2 will deprioritize “Network decision, UE-initiated” (i.e. proactive approach) method for functionality management in R19.
Regarding to performance monitoring, if system level KPI, e.g. UE throughput, is used for UE-sided model monitoring, there will be no UE impact as network can calculate system level KPI via implementation; otherwise, if model accuracy, i.e. Beam prediction accuracy, is used for UE-sided model monitoring, two options are raised during the study item phase:

Option 1: UE reports calculated metrics, e.g. the number of valid inferences, to NW and NW decides the performance monitoring result.
Option 2: UE reports metrics for performance monitoring calculation, e.g. UE reports measured and predicted beam measurements, to NW and NW calculates and decides the performance monitoring result. 
At this early stage, both Options should be considered further.
Proposal 14: For UE-sided performance monitoring for BM use cases, the following Options should be further considered:
Option 1: UE reports calculated metrics, e.g. the number of valid inferences, to NW and NW decides the performance monitoring result.

Option 2: UE reports metrics for performance monitoring calculation, e.g. UE reports measured and predicted beam measurements, to NW and NW calculates and decides the performance monitoring result. 
3. Conclusion
In conclusion, we propose the followings:

Proposal 1: For UE-sided model for BM use case, RAN2 assumes supported AI/ML-enabled Features/FGs are reported per sub-use case. FFS to consider finer granularity, e.g. per model sidedness per sub-use case or per configuration/scenario per sub-use case.
Proposal 2: For UE-sided model for BM use case, RAN2 assumes only if UE really has the model available UE can additionally report UE-sided applicable functionality associated with the available model via non-UE capability signaling.
Proposal 3: For UE-sided model for BM use case, RAN2 assumes functionality ID is used by UE to indicate UE-sided applicable functionality. The reported functionality ID refers to a UE-sided supported sub-use case.
Proposal 4: For UE-sided model for BM use case, RAN2 assumes the following RRC messages can be considered by UE to report UE-sided applicable functionality:

RRCReconfigurationComplete/RRCResumeComplete/RRCSetupComplete/UEAssistanceInformation message.
Proposal 5: For UE-sided model for BM use case, RAN2 assumes NW will use functionality ID to filter UE-sided applicable functionality reporting. The configured functionality ID refers to a NW concerned UE-sided sub-use case.
Proposal 6: For UE-sided model for BM use case, RAN2 assumes the following RRC messages can be further considered to configure the filtering info for UE-sided applicable functionality reporting:

RRCReconfiguration/RRCResume/RRCSetup message.
Proposal 7: For UE-sided model for BM use case, RAN2 assumes UE can also report at least one associated ID per functionality when reporting UE-sided applicable functionality. The associated ID refers to a NW side data collection configuration.
Proposal 8: For UE-sided model for BM use case, RAN2 assumes functionality identification is achieved by UE capability and UE-sided applicable functionality reporting. No separate signaling is introduced for functionality identification.
Proposal 9: For UE-sided model for BM use case, RAN2 assumes at least one associated ID can be configured to UE along with RS configuration per functionality. The associated ID refers to a NW side data collection configuration.
Proposal 10: For UE-sided model for BM use case, RAN2 assumes RRC signaling is the baseline to activate an AI/ML functionality. FFS whether to consider two-step functionality activation procedure, i.e. RRC configures the configuration and MAC CE is used to activate an AI/ML functionality.
Proposal 11: For UE-sided model inference for BM use cases, L1 signaling will be used to report UE measured and/or predicted beam measurements, no RAN2 impact is foreseen.

Proposal 12: For UE-sided model for BM use case, UE can suggest which functionality should be deactivated in UL RRC message, but the final decision is still up to NW implementation.
Proposal 13: For UE-sided model for BM use case, RAN2 will deprioritize “Network decision, UE-initiated” (i.e. proactive approach) method for functionality management in R19.
Proposal 14: For UE-sided performance monitoring for BM use cases, the following Options should be further considered:

Option 1: UE reports calculated metrics, e.g. the number of valid inferences, to NW and NW decides the performance monitoring result.

Option 2: UE reports metrics for performance monitoring calculation, e.g. UE reports measured and predicted beam measurements, to NW and NW calculates and decides the performance monitoring result. 
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