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[bookmark: _Ref488331639]Introduction
During last meeting, which was the first meeting to discuss Rel-19 WI, good progress of AI/ML for NR air interface had been made, of which the following agreements were captured for 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.  
[bookmark: _Hlk166069359]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



Therefore, in this contribution, we will further investigate on the following issues regarding to LCM for UE-sided model.
Discussion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]UE applicability/capability reporting
[bookmark: _Hlk166075412]Among agreements achieved during RAN2#125bis meeting, there are two terminologies on AI/ML functionalities, supported functionalities and applicable functionalities. “Supported” was clarified to mean that the UE is capable of supporting the functionality and doesn’t mean neccesarily that the UE has the model available. On the other hand, what is applicable functionality is still FFS. We observe that applicable functionalities are a subset of supported functionalities. Furthermore, whether a supported functionality is an applicable functionality depends on consistency between NW-side and UE-side applicable conditions, i.e., if NW-side and UE-side applicable condition related to a supported functionality is consistent, it can be considered as an applicable function.
[bookmark: _Toc166140199][bookmark: _Hlk166248692]Applicable functionalities are a subset of supported functionalities. When NW-side and UE-side applicable conditions related to a functionality are consistent, the supported functionality can be considered as an applicable functionality.
Since applicable conditions exist at both NW-side and UE-side, which side applicable conditions should be provided firstly needs to be discussed. It looks like a chicken and egg problem, different approaches may have their pros and cons. 
[bookmark: _Hlk166190131]During last meeting, both proactive and reactive reporting are agreed to be supported for UE-sided applicable functionalities. Besides UE-sided applicable functionalities reporting, supported functionalities are agreed to be included in UE capability. The pros and cons of both reporting approaches are discussed in below.
[bookmark: _Hlk166077847]First of all, for reactive reporting, UE should firstly wait for network assistance information (e.g., NW-side applicable condition) so that it can know what necessary applicability information can be filtered out for reporting. The pros of reactive reporting is to reduce overhead of UE-sided applicable functionalities by filtering out for reporting. If such a network assistance information (e.g., NW-side applicable condition) is provided to the UE before UE capability reporting, then it is possible to further reduce overhead of UE capability report by filtering out supported functionalities which are inconsistent with network assistance information (e.g., NW-side applicable condition). On the other hand the cons of reactive reporting might be a relative longer latency for waiting for network assistance information but it can be avoided to provide such information earlier, e.g., before UE capability reporting. One more thing is that UE needs to update its applicability reporting when the network assistance information is updated.
[bookmark: _Toc166140200][bookmark: _Hlk166248748]For reactive reporting, UE should firstly wait for network assistance information (e.g., NW-side applicable condition) so that it can know what necessary applicability information can be filtered out for reporting.
[bookmark: _Toc166140201][bookmark: _Hlk166248789]The pros of reactive reporting is to reduce overhead of UE applicability reporting. Furthermore, if the network assistance information (e.g., NW-side applicable condition) is provided to the UE before capability reporting, it is possible to further reduce overhead of UE capability report by filtering out supported functionalities which are inconsistent with network assistance information (e.g., NW-side applicable condition).
[bookmark: _Toc166140209]UE needs to update reactive reporting when the network assistance information is updated.
[bookmark: _Toc166140210]RAN2 to further consider providing the network assistance (e.g., NW-side applicable condition) before capability reporting in order to reduce overhead of UE capability report by filtering out supported functionalities which are inconsistent with network assistance information (e.g., NW-side applicable condition).
While for proactive reporting, UE does not need to wait for any network assistance information (e.g., NW-side applicable condition), instead, UE will report the full set of UE-sided applicable functionalities based on UE-side applicable conditions towards network. The pros of proactive reporting is a relative shorter latency without waiting for network assistance information and its simplicity, i.e., UE only needs to report once since it is a full set reporting. On the other hand, the cons of proactive reporting is the overhead of the full set reporting.
[bookmark: _Toc165966825][bookmark: _Toc166054374][bookmark: _Toc166140203]For proactive reporting, UE needs to report a full set of UE-sided applicable functionalities.
[bookmark: _Toc165966854][bookmark: _Toc166054381][bookmark: _Toc166140212]For proactive reporting, there is no updating procedure, i.e., UE only needs to report once.
Based on above analyses, we suggest designing different signalling flow for proactive and reactive reporting for UE applicable functionalities. In the current UAI reporting mechanism, UE capable of providing UAI may initiate the procedure upon being configured to provide UAI and/or upon change of status, therefore, current UAI reporting mechanism is more suitable for reactive reporting, which can be updated correspondingly. Therefore, it is suggested to define a new RRC signalling for proactive reporting.
[bookmark: _Toc165966826][bookmark: _Toc166054375][bookmark: _Toc166140204][bookmark: _Hlk166248871]Current UAI reporting mechanism is more suitable for reactive reporting, which can be updated correspondingly.
[bookmark: _Toc165966855][bookmark: _Toc166054382][bookmark: _Toc166140213][bookmark: _Hlk166249194]It is suggested to define a new RRC signalling for proactive reporting.
Furthermore, currently different use cases have been involved into the discussion, e.g., positioning, CSI prediction and beam management. Therefore, UE may need to support multiple AI/ML-enabled Features/FGs simultaneous of different use cases, where it could be a huge challenge for operating multiple LCM simultaneously since the power and memory are usually limited at UE side. Therefore, UE should also report whether it is able to support multiple LCM operations simultaneously to the network. However, it is still unclear on the definition of functionality and RAN1 is still studying whether to specify model identification. Therefore, the granularity of simultaneously multiple LCM operation reporting can be FFS.
[bookmark: _Toc165966827][bookmark: _Toc166054376][bookmark: _Toc166140205]Currently, multiple use cases have been involved into the discussion of AI/ML for air interface WI, e.g., positioning, CSI prediction and beam management.
[bookmark: _Toc165966856][bookmark: _Toc166054383][bookmark: _Toc166140214]UE should also report whether it support multiple LCM operations for different models/ functionalities/ FGs/ Features simultaneously, the granularity for such reporting can be further studied.
Moreover, currently when one talk about UE capability, usually the granularity would be Features or FGs, but when one talk about UE applicability, the granularity would be used is functionality. It is still unclear on the relationship between Features/FGs and functionality. For better understanding, RAN2 should discuss the relationship between Features/FGs and functionality.
[bookmark: _Toc165966857][bookmark: _Toc166054384][bookmark: _Toc166140215]RAN2 should discuss the relationship between Features/FGs and functionality.

Common LCM framework
During last meeting, for UE-sided model, for the functionality management, the network decision and network initiated AI/ML management is supported as a baseline. Both UE autonomous, reported to network and network decision, UE initiated can be further considered. While UE autonomous, UE decision and not reported to the network will not be considered in this release.
Whether UE can perform AI/ML based operation for certain functionality is not only rely on UE’s capability, but also rely on network environment. For example, when both model training and model transfer cost quite a lot of radio resource which is unknown at UE side, whether UE can perform AI/ML based operation may closely rely on the evaluation of current cell capacity at NW side. Therefore, UE cannot fully make an accurate decision on functionality management and only report to network of its decision. In other words, network involvement for LCM decision is really necessary. Therefore, it is suggested to only keep the following two principles:
· Network decision and network initiated AI/ML management (fully controlled by network)
· Network decision and UE initiated AI/ML management (partially controlled by network)
[bookmark: _Toc165966828][bookmark: _Toc166054377][bookmark: _Toc166140206]UE cannot make reasonable decisions on AI/ML management due to its lack of the knowledge of radio resource utilization condition and/or network capacity.
[bookmark: _Toc165966858][bookmark: _Toc166054385][bookmark: _Toc166140216]For LCM functionality management, it is suggested to keep the following two principles:
· [bookmark: _Toc165966859][bookmark: _Toc166054386][bookmark: _Toc166140217]Network decision and network initiated AI/ML management (fully controlled by network)
· [bookmark: _Toc165966860][bookmark: _Toc166054387][bookmark: _Toc166140218]Network decision and UE initiated AI/ML management (partially controlled by network)
The fundamental difference between the two principles is that for fully network control, network will decide which AI/ML functionality can be activated and when to activate this functionality. For partial network control, network will decide which AI/ML functionality can be activated and UE will decide when to activate this functionality based on a set of configured or specified criteria.
[bookmark: _Toc165966861][bookmark: _Toc166054388][bookmark: _Toc166140219]For the partially controlled AI/ML management principle, UE would decide to initiate the activation of AI/ML models based on a set of configured/specified criteria.
No matter for the functionality is fully controlled or partially controlled by network, model monitoring will be performed at both network side and UE side. When the model monitoring is performed at network side, network does not need to inform UE about the model monitoring performance result except further LCM functionality management instructions.
[bookmark: _Toc165966862][bookmark: _Toc166054389][bookmark: _Toc166140220][bookmark: _Hlk166249362]When the model monitoring is performed at network side, network does not need to inform UE about the model monitoring performance result except further LCM functionality management instructions.
When the model monitoring is performed at UE side, UE should report the model monitoring performance result towards network. In order to improve the monitoring accuracy, UE should perform model monitoring procedures for certain times as a whole model monitoring procedure. In details, every time UE get the inference output, UE should be based on the inference output to perform model monitoring. Therefore, RAN2 should define model monitoring cycle. For each model monitoring cycle, UE will generate one model monitoring result. UE should report multiple model monitoring results towards network. In details, there are two reporting principles as listed in below:
· Dynamic reporting: for each monitoring cycle, as long as UE get the monitoring performance, it should feedback towards network immediately
· One time reporting: after the model monitoring procedure is accomplished, UE will collect the monitoring result for all monitoring cycles as an output set and report towards network.
The pros and cons of the two performance feedback approaches are obviously observed and listed in the following table:
	
	Dynamic reporting
	One time reporting

	Pros
	Network can be aware of the model performance in a real-time way so that to perform LCM management more accurate
	Decrease the complex of signalling exchange between UE and network

	Cons
	Every time UE get the monitoring result, it needs to report towards network, which needs extra procedure for uplink resource request.
	Network cannot be aware of the model performance on time.



According to the pro/con analysis, RAN2 should discuss which reporting principle of monitoring performance should be adopted.
[bookmark: _Toc165966829][bookmark: _Toc166054378][bookmark: _Toc166140207][bookmark: _Hlk166248965]The model monitoring accuracy can be improved by repeating multiple monitoring cycles within one model monitoring procedure.
[bookmark: _Toc165966863][bookmark: _Toc166054390][bookmark: _Toc166140221]If model monitoring is performed at UE side, RAN2 should define model monitoring cycle with regard to each model inference output.
[bookmark: _Toc165966864][bookmark: _Toc166054391][bookmark: _Toc166140222]If model monitoring is performed at UE side, UE should report the performance result towards network for each model monitoring cycle.
[bookmark: _Toc165966865][bookmark: _Toc166054392][bookmark: _Toc166140223]If model monitoring is performed at UE side, RAN2 can consider two reporting principles for performance reporting:
· [bookmark: _Toc165966866][bookmark: _Toc166054393][bookmark: _Toc166140224]Dynamic reporting: for each monitoring cycle, as long as UE get the monitoring performance, it should feedback towards network immediately
· [bookmark: _Toc165966867][bookmark: _Toc166054394][bookmark: _Toc166140225]One time reporting: after the model monitoring is accomplished, UE will collect the monitoring result for all monitoring cycles as an output set and report towards network.

[bookmark: _Toc165966830][bookmark: _Toc166054379][bookmark: _Toc166140208][bookmark: _Hlk166249006]The pros and cons of dynamic reporting and one time reporting are listed in the below table:
	[bookmark: _Hlk166249054]
	Dynamic reporting
	One time reporting

	Pros
	Network can be aware of the model performance in a real-time way so that to perform LCM management more accurate
	Decrease the complex of signalling exchange between UE and network

	Cons
	Every time UE get the monitoring result, it needs to report towards network, which needs extra procedure for uplink resource request.
	Network cannot be aware of the model performance on time.


[bookmark: _Toc165966868][bookmark: _Toc166054395][bookmark: _Toc166140226]RAN2 should determine which reporting principle should be adopted.
Considering that AI/ML based functionality activation will cause severe pressure on UE’s power, radio resource consumption and memory, so that UE has to perform fallback even if the model performance is still good enough. Similar as model monitoring, the AI/ML fallback strategy can also be performed at network side or UE side. If the AI/ML fallback decision is performed at network side, network does not need to inform UE about the strategy, e.g., fallback cause value, except further LCM management instructions.
However, if the fallback decision is performed at UE side, then network needs to provide AI/ML fallback configuration towards the UE. So that the UE can be based on the corresponding configuration to deactivate AI/ML functionality.
[bookmark: _Toc165966869][bookmark: _Toc166054396][bookmark: _Toc166140227][bookmark: _Hlk166249456]Network does not need to inform the UE about AI/ML fallback strategy, e.g., fallback cause value if the LCM fallback decision is performed at network side.
[bookmark: _Toc165966870][bookmark: _Toc166054397][bookmark: _Toc166140228]UE needs to be based on network configuration to perform AI/ML fallback decision if the decision is made at UE side.

Conclusion
In this contribution, we have discussed the opening issues for LCM at UE sided model, a brunch of observations and proposals are given out:
Observation 1	Applicable functionalities are a subset of supported functionalities. When NW-side and UE-side applicable conditions related to a functionality are consistent, the supported functionality can be considered as an applicable functionality.
Observation 2	For reactive reporting, UE should firstly wait for network assistance information (e.g., NW-side applicable condition) so that it can know what necessary applicability information can be filtered out for reporting. 
Observation 3	The pros of reactive reporting is to reduce overhead of UE applicability reporting. Furthermore, if the network assistance information (e.g., NW-side applicable condition) is provided to the UE before capability reporting, it is possible to further reduce overhead of UE capability report by filtering out supported functionalities which are inconsistent with network assistance information (e.g., NW-side applicable condition). 
Observation 4	For proactive reporting, UE needs to report a full set of UE-sided applicable functionalities. 
Observation 5	Current UAI reporting mechanism is more suitable for reactive reporting, which can be updated correspondingly. 
Observation 6	Currently, multiple use cases have been involved into the discussion of AI/ML for air interface WI, e.g., positioning, CSI prediction and beam management. 
Observation 7	UE cannot make reasonable decisions on AI/ML management due to its lack of the knowledge of radio resource utilization condition and/or network capacity. 
Observation 8	The model monitoring accuracy can be improved by repeating multiple monitoring cycles within one model monitoring procedure. 
Observation 9	The pros and cons of dynamic reporting and one time reporting are listed in the below table:

	
	Dynamic reporting
	One time reporting

	Pros
	Network can be aware of the model performance in a real-time way so that to perform LCM management more accurate
	Decrease the complex of signalling exchange between UE and network

	Cons
	Every time UE get the monitoring result, it needs to report towards network, which needs extra procedure for uplink resource request.
	Network cannot be aware of the model performance on time.



Proposal 1	UE needs to update reactive reporting when the network assistance information is updated.
Proposal 2	RAN2 to further consider providing the network assistance (e.g., NW-side applicable condition) before capability reporting in order to reduce overhead of UE capability report by filtering out supported functionalities which are inconsistent with network assistance information (e.g., NW-side applicable condition). 
Proposal 3	For proactive reporting, there is no updating procedure, i.e., UE only needs to report once. 
Proposal 4	It is suggested to define a new RRC signalling for proactive reporting. 
Proposal 5	UE should also report whether it support multiple LCM operations for different models/ functionalities/ FGs/ Features simultaneously, the granularity for such reporting can be further studied. 
Proposal 6	RAN2 should discuss the relationship between Features/FGs and functionality. 
Proposal 7	For LCM functionality management, it is suggested to keep the following two principles:
-	Network decision and network initiated AI/ML management (fully controlled by network)
-	Network decision and UE initiated AI/ML management (partially controlled by network) 
Proposal 8	For the partially controlled AI/ML management principle, UE would decide to initiate the activation of AI/ML models based on a set of configured/specified criteria. 
Proposal 9	When the model monitoring is performed at network side, network does not need to inform UE about the model monitoring performance result except further LCM functionality management instructions. 
Proposal 10	If model monitoring is performed at UE side, RAN2 should define model monitoring cycle with regard to each model inference output.
Proposal 11	If model monitoring is performed at UE side, UE should report the performance result towards network for each model monitoring cycle.
Proposal 12	If model monitoring is performed at UE side, RAN2 can consider two reporting principles for performance reporting:
-	Dynamic reporting: for each monitoring cycle, as long as UE get the monitoring performance, it should feedback towards network immediately
-	One time reporting: after the model monitoring is accomplished, UE will collect the monitoring result for all monitoring cycles as an output set and report towards network. 
Proposal 13	RAN2 should determine which reporting principle should be adopted.
Proposal 14	Network does not need to inform the UE about AI/ML fallback strategy, e.g., fallback cause value if the LCM fallback decision is performed at network side.
Proposal 15	UE needs to be based on network configuration to perform AI/ML fallback decision if the decision is made at UE side.
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