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1 Background
In RAN1#109 & RAN1#110, there were some conclusions and working assumptions on the general aspects of AI/ML framework  that are relevant to start discussion in RAN2.

	Working Assumption 

Include the following into a working list of terminologies to be used for RAN1 AI/ML air interface SI discussion. 

Agreement

Take the following network-UE collaboration levels as one aspect for defining collaboration levels

1. Level x: No collaboration
2. Level y: Signaling-based collaboration without model transfer
3. Level z: Signaling-based collaboration with model transfer
Note: Other aspect(s), for defining collaboration levels is not precluded and will be discussed in later meetings, e.g., with/without model updating, to support training/inference, for defining collaboration levels will be discussed in later meetings

FFS: Clarification is needed for Level x-y boundary 

Agreement 

Study the following aspects, including the definition of components (if needed) and necessity, in Life Cycle Management

· Data collection

· Note: This also includes associated assistance information, if applicable.

· Model training

· [Model registration]

· Model deployment

· Note: Terminology is to be defined. This includes process of compiling a trained AI/ML model and packaging it into an executable format and delivering to a target device. 

· [Model configuration]

· Model inference operation

· Model selection, activation, deactivation, switching, and fallback operation

· Note: some of them to be refined
· Model monitoring

· Model update

· Note: Terminology is to be defined. This includes model finetuning, retraining, and re-development via online/offline training.

· Model transfer

· UE capability

Note: Some aspects in the list may not have specification impact.

Note: Aspects with square brackets are tentative and pending terminology definition.

Note: More aspects may be added as study progresses. 
Objectives of Related to AIML for NR Air interface RAN2.
8.16.2 
AIML methods 

Explore AIML methods that are expected applicable to this SI and their expected or potential architecture (allocation of functionality to entities), other framework aspects, impact on RAN2 and in general



This paper discusses specifications requirements that are appropriate for RAN2 discussions.
The discussion in this paper is divided into following.
· General AIML Framework Discussions.

· AIML Lifecycle management 

· Signalling Framework between UE & gNB.
· Conclusion
2 General AIML Framework Discussion.

Based on the agreements made during RAN1 109e and 110e, RAN1 will further study following as part of AIML Life cycle management.
· Data collection (Note: This also includes associated assistance information, if applicable.)
· Model training

· [Model registration]

· Model deployment

· [Model configuration]

· Model inference operation

· Model selection, activation, deactivation, switching, and fallback operation

· Model monitoring

· Model update (Note: Terminology is to be defined. This includes model finetuning, retraining, and re-development via online/offline training.)
· Model transfer

· UE capability

Note: Some aspects in the list may not have specification impact.

Note: Aspects with square brackets are tentative.
Note: More aspects may be added as study progresses. 
Based on the above agreements, RAN2 would need to ensure signalling framework requirements between UE & gNB.
RAN1 is still investigating above mentioned aspects of AIML LCM and hence RAN2 should avoid discussing the details of these LCM aspects.
RAN2 can focus on high level signalling requirements and plan the work in future meetings as per the outcome of RAN1 work.
3 AIML Life Cycle Management

In our opinion, the requirements for Life Cycle Management of AIML Models is completely different for 3 collaboration level agreed during RAN1 #109.
1. Level x: No collaboration
2. Level y: Signaling-based collaboration without model transfer
3. Level z: Signaling-based collaboration with model transfer
3.1 Level x: No collaboration

For no Collaboration, obviously there is no major requirement from signalling perspective, However there are still some open points that need to be confirmed before deciding on “No Normative Specification Requirements for Level x:No Collaboration”
Does no collaboration mean that there will be no “informative” IE values defined?
For example, if “RLF at UE is observed after UE utilizes or changes AI/ML Model for Mobility improvement”; such information may be required by Operator to understand the reasoning of RLF’s. In such cases, Normative Specification may need to update few information elements.

Does no Collaboration mean gNB cannot even know if UE is using any AI/ML model or not?
Such, information may be important when benchmarking network performance per UE type.
Does “no collaboration” mean gNB or UE can not request to fallback to “No AI/ML Model usage” due to performance issues.

This is sort of collaboration; however, operator may request to control AIML usage in UE for conformance verification.
3.2 Level y: Signaling-based collaboration without model transfer

During RAN1 #110 meeting several companies mentioned that Signalling-based collaboration without model transfer can be further divided into one-sided model or two-sided models.

Hence, RAN2 can consider that both one-sided models and two-sided models will be supported in both “Signalling-based collaboration without Model transfer” and “Signalling-based collaboration with Model Transfer”.
One sided Models can be further divided into “UE Side Model” and “gNB Side Model”.

Based on where Model will reside will have major impact on specifications requirements for collaboration.
Apart from that, who controls AIML model (UE or gNB) will also determine requirements for AIML signalling.
3.3 Level y: Signaling-based collaboration with model transfer

Collaboration with Model Transfer will also need to be further divided into single and two sided models due to difference in specifications requirements.

Again, for Single Side model it would need to be further divided into “UE Side Model” and “gNB Side Mode” for collaboration with Model Transfer.

4 Signalling Framework between UE & gNB.

RAN2 need to discuss and define specifications for the enablement of co-operative AIML between UE and gNB.

However, several topics such as scope of collaboration, definition of key AIML procedures still being discussed in RAN1, it would be more prudent to start discussion on topics that have already been agreed in RAN1 or have no dependency on RAN1 scope.
4.1 Level y: Signaling-based collaboration without model transfer

As described in previous section, signalling based collaboration without model transfer can be further divided into 3 categories.
4.1.1 Signalling based collaboration for UE sided model without model transfer

This section will discuss signalling procedures required for UE sided Model.
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UE AIML Capability or Category Reporting.
UE AIML capability reporting can be included in UECapabilityInformation Message.

Details of UE Capability requirements are still being discussed in RAN1 and there is no consensus.

However, Based on UE 3GPP release, Hardware (NPU,GPU,Memory) or Software capabilities. UE may or may not support various sub features of AIML such as Model Training, Model Transfer.
Another, approach being discussed in RAN1 is to classify UE’s in to few categories based on their support for AIML related features and functionalities.

AIML Model Repository reporting
This step is required for gNB to synch up on available AIML Models at UE.

gNB may ask UE’s to report all AIML models stored in its repository to choose the best AIML model for a particular situation.

If AIML models are not Standardized in 3GPP specifications in such a case AIML Model repository may only be valid for a particular network, gNB or UE type.

AIML Model Update Procedure.

Network controlled- UE Sided AIML Model -Update Procedure

Based on UE’s AIML repository, current Network situation, UE location (Indoor,Outdoor etc) ,gNB Type (Massive MIMO, small cell) and other factors gNB may instruct UE to change, upgrade or re-train its AIML model.
This step can either be executed at initial connection establishment between UE and gNB, or this can be triggered if Network, UE location or situation such as performance, UE battery or other similar changes occur.
This process can be implemented via various methods such as by defining new Type of RRC message, Direct indication with DCI or through MAC CE.
UE controlled- UE Sided AIML Model -Update Procedure

If AIML model is controlled by UE, then updated process would be slightly different as UE would need to inform gNB about the requirement for re-training or informing gNB about AI/ML model change.

RAN2 would need to specify signalling framework for UE’s to manage, request AIML Model update, re-train at UE side.

This can be indicated via multiple methods
1) Define a new type of Uplink trigger message (such as BSR).

2) AIML model update/re-train trigger based on timer expiry.

In case of UE control of AIML model, this step could be optional.
AI/ML Model Training/re-training collaboration

Collaboration would be required between UE and gNB for AI/ML Model training/re-training.

Both gNB and UE can trigger initiation of UE sided AIML Model.

AI/ML Model Training/Re-training would require signaling for initiation as well for training data transfer from gNB to UE.
This procedure may also involve defining a phase of Model Training/re-training where UE’s may not be able to continue normal operations during training.
AIML Model performance feedback based on Performance Monitoring 
Performance monitoring feedback procedure may be required if UE sided model require monitoring at the gNB side.
Even If the control of UE sided model is at UE, it may still require some feedback from gNB on performance evaluation of the model, hence Model performance feedback procedure would need to be specified in RAN2.

Model performance feedback from gNB to UE can be provided through defining a new type of RRC or through defining a MAC CE entity.
Model Roll Back procedure.

For UE sided Model, when the control is with gNB, gNB may request to Roll back AI/ML Model, or newly trained model.

Such signalling procedure can be implemented via RRC or MAC CE based signalling.

4.1.2 Signalling based collaboration for gNB sided model without model transfer

This section will discuss signalling procedures required for gNB sided Model.

The control of gNB sided model may be at the UE, gNB or both sides. Hence, RAN2 would need to define signalling procedures for both. 
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UE AIML Capability or Category Reporting.

In this case, AIML capability of UE would still be required to indicate if UE is capable of collaborating with gNB for procedures like Model Update,Model performance monitoring or training data provisioning.
AIML Model Repository reporting
If UE AIML model selection is controlled by UE, in such a case gNB may share its own or Networks AIML Model repo

UE may ask gNBs to report all relevant AIML models stored in its repository to choose the best AIML model for a particular situation.

This is optional step and only required when gNB AIML Model selection is controlled by UE. Also, if AIML models are not Standardized in 3GPP specifications in such a case AIML Model repository may only be valid for a particular network, gNB or UE type.

AIML Model Update Procedure.

UE controlled- gNB Sided AIML Model -Update Procedure

Based on gNB’s AIML repository, current UE location (Indoor,Outdoor etc) ,gNB Type (Massive MIMO, small cell) and other factors UE may instruct gNB to change, upgrade or re-train its AIML model.

This step can either be executed at initial connection establishment between UE and gNB, or this can be triggered if Network, UE location or situation such as performance degradation is observed by UE.
This process can be implemented via various methods such as by defining new Type of RRC message or explicit indication via message like BSR or based on predefined AIML model timer expiry.
gNB controlled- gNB Sided AIML Model -Update Procedure

If AIML model is controlled by gNB, then updated process would be slightly different as collaboration may only be required to inform UE about change of model at the gNB side.
Such information can be provided via new type of RRC or similar signalling procedure.
AI/ML Model Training/re-training collaboration

Collaboration would be required between UE and gNB for AI/ML Model training/re-training.

Both gNB and UE can trigger initiation of gNB sided AIML Model.

AI/ML Model Training/Re-training would require signaling for initiation as well for training data transfer from UE to gNB.

This procedure may also involve defining a phase of Model Training/re-training where UE’s may need to be informed that gNB may not be able to continue normal operations due to AIML Model Training.
AIML Model performance feedback based on Performance Monitoring 

Performance monitoring feedback procedure may be required if gNB sided model require monitoring at the UE side.

Even If the control of gNB sided model is at UE, it may still require some feedback from gNB on performance evaluation of the model, hence Model performance feedback procedure would need to be specified in RAN2.

Model performance feedback from gNB to UE can be provided through defining a new type of RRC or through defining a MAC CE entity.

Model Roll Back procedure.

For gNB sided Model, when the control is with UE, UE may request to roll back AI/ML Model, or newly trained model.

Such signalling procedure can be implemented via RRC or MAC CE based signalling.
For gNB sided model when control is with gNB, gNB may need to inform UE that AIML model have been rolled back (for information purpose)

4.1.3 Signalling based collaboration for Two-Sided model without model transfer
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UE & gNB AIML Capability or Category Reporting.

UE AIML capability reporting can be included in UECapabilityInformation Message.

In case of AIML control by UE, gNB AIML capability would also need to be reported to UE, this can be achieved via defining new type of RRC message.

AIML Model Repository reporting
This step is required for gNB and UE to synch up on available AIML Models at both sides.
gNB may ask UE’s to report all AIML models stored in its repository to choose the best AIML model for a particular situation.

Similarly, in case of UE AIML control, UE may ask gNB to report all relevant AIML models stored in its repository to choose best AIML model.
This is optional step, if AIML models are not Standardized in 3GPP specifications in such a case AIML Model repository may only be valid for a particular network, gNB or UE type.

AIML Model Update Procedure.

Network controlled- Both Sided AIML Model -Update Procedure

Based on UE’s AIML repository, current Network situation, UE location (Indoor, Outdoor etc) ,gNB Type (Massive MIMO, small cell) and other factors gNB may instruct UE to change, upgrade or re-train its AIML model or in case of UE AIML Control UE may instruct gNB to change, upgrade or re-train its model.
This step can either be executed at initial connection establishment between UE and gNB, or this can be triggered if Network, UE location or situation such as performance, UE battery or other similar changes occur.

This process can be implemented via various methods such as by defining new Type of RRC message, Direct indication with DCI or through MAC CE.

UE controlled- Both Sided AIML Model -Update Procedure

If AIML model is controlled by UE, then updated process would be slightly different as UE would need to inform gNB about the requirement for re-training or informing gNB about AI/ML model change.

RAN2 would need to specify signalling framework for UE’s to manage, request AIML Model update, re-train at UE or gNB side.

This can be indicated via multiple methods

1) Define a new type of Uplink trigger message (such as BSR).

2) AIML model update/re-train trigger based on timer expiry.

AI/ML Model Training/re-training collaboration

Collaboration would be required between UE and gNB for AI/ML Model training/re-training at both sides
Both gNB and UE can trigger initiation of both sided AIML Model.

AI/ML Model Training/Re-training would require signaling for initiation as well for training data transfer from gNB to UE or from UE to gNB.

This procedure may also involve defining a phase of Model Training/re-training where gNB or UE may not be able to continue normal operations.

AIML Model performance feedback based on Performance Monitoring 

Performance monitoring feedback procedure would be required, and feedback can be request by UE or gNB.
UE and gNB may request for performance feedback for AIML Model located at their own side, other side or both sides, hence RAN2 specification need to ensure that two way signalling framework is specified for performance feedback.

This can be achieved defining new type of RRC message with relevant IE’s for AIML Model performance feedback.

Model Roll Back procedure.

For both sided Model, when the control is with gNB, gNB may request to Roll back AI/ML Model, or newly trained model at UE.
Such signalling procedure can be implemented via RRC or MAC CE based signalling.

Similarly, when control is with UE, UE may request to roll back AI/ML Model or newly trained model at the gNB.

4.2 Level y: Signaling-based collaboration with model transfer

The requirements for AIML signalling would be like ones described in Section 4.1, however additional procedure would need to be defined for Model Transfer.
In following sections, only additional requirements related to model transfer would be discussed.
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4.2.1 Signalling based collaboration for gNB sided model with model transfer

Signalling required for Model transfer procedure from UE to gNB would need to be specified in RAN2.
4.2.2 Signalling based collaboration for UE sided model with model transfer

Signalling required for Model transfer procedure from gNB to UE would need to be specified in RAN2.

4.2.3 Signalling based collaboration for both sided model with model transfer

Signalling required for Model transfer procedure from gNB to UE and UE to gNB would need to be specified in RAN2.

5 Conclusion

Proposal 1: RAN1 is still investigating and discussing AIML Life cycle management, to avoid overlap RAN2 should only focus on the parts that have already been agreed or are completely in domain of RAN2.
Proposal 2: AI/ML Model Synchronization method need to be defined, this is the process through which gNB and UE can discover the stored model repository of each other.

Proposal 3: RAN2 need to standardize AIML Capabilities information exchange between UE and gNB 
Proposal 4: AI/ML Model deployment and update procedure between gNB and UE need to be studied and defined.

Proposal 5: Process of AI/ML Model Download, Upload procedure from UE, gNB, 5GC or external repository also need to be defined.

Proposal 6: Process or existing Model upgrade through information exchange between gNB and UE need to be studied and standardized in RAN2.
Proposal 7: Process of selecting a Model or inference for both gNB and UE need to be discussed.

Proposal 8: Process of Model/inference validation in terms of compatibility, installation, syntax, performance need to be studied.

Proposal 9: AI/ML Model/inference performance monitoring and feedback also need to be discussed and specified.

Proposal 10: Process to roll back AI/ML Model/inference after new upgrade or update need to be studied and specified.

Proposal 11: Model transfer status, failure and success indication need to be specified.
Proposal 12: For all procedures, AIML control at UE and AIML Control at gNB need to be specified.
Proposal 13: As per agreements in RAN1, RAN 2 need to specify mechanism for both online and offline training.

Proposal 14: Due to difference in one sided model, two sided model, location of AIML Mode and control of AIML Model,RAN2 would need to ensure that specifications cover all possible scenarios.
	AIML Procedure
	One Sided Model
	Two Sided Models

	
	AIML Model at UE
	AIML Model at gNB
	Control by UE
	Control by gNB

	
	Control by UE
	Control by gNB
	Control by UE
	Control by gNB
	
	

	AIML Capability Discovery
	
-UE would require gNB capability for AIML assistance.
'-gNB may require AIML UE capability
	-gNB will require AIML UE capability
	
-UE would require  gNB AIML Capability
-gNB may also required UE AIML Capability
	-gNB would require  UE capabilty for AIML assistance information
	-UE would require gNB capability for AIML assistance.
-gNB may also required UE AIML Capability
	-gNB would required  UE capabilty for AIML 

	AIML Model Repository Discovery
	　
	-gNB will require UE AIML Model Reporsitory
	
-UE would require  gNB AIML Repository
	　
	-UE would require AIML Model Repository
	-gNB would required  UE AIML Model Repository

	AIML Model Update
	-UE can trigger UE Model Update procedure
	-gNB can trigger UE Model Update procedure
	-UE can trigger gNB Model Update procedure
	-gNB can trigger gNB Model Update procedure
	-UE can trigger UE Model Update procedure
'-UE can trigger gNB Model Update procedure
	-gNB can trigger UE Model Update procedure
'-gNB can trigger gNB Model Update procedure

	AIML Model performance Feedback Request
	-UE can request gNB to provide AIML Model Performance
	-gNB can request UE to provide AIML Model Performance
	-UE can request gNB to provide AIML Model Performance
	-gNB can request UE to provide AIML Model Performance
	-UE can request gNB to provide AIML Model Performance
	-gNB can request UE to provide AIML Model Performance

	AIML Model performance feeback 
	-gNB will provide AIML Model Performance.
	-UE will provide AIML Model Performance.
	-gNB will provide AIML Model Performance.
	-UE will provide AIML Model Performance.
	-gNB will provide AIML Model Performance.
	-UE will provide AIML Model Performance.

	AIML Model Training
	-UE can request gNB to provide data or inform about Model training iniation at UE
	-gNBcan request UE to provide data or instruct to perform Model training iniation at UE
	-UE can request gNB to provide data and initiate Model Training at gNB
	-gNB can request UE to provide data or inform about Model training iniation at gNB
	-UE can request gNB to provide data and initiate Model Training at gNB or at UE.
	-gNB can request UE to provide data or inform about Model training iniation at gNB or at UE.

	AIML Model Transfer 
(Only for collaboration level 3, which support Model Transfer)
	-UE may request gNB to provide updated model for its usage.
gNB will facilitate Model Transfer.
	-gNB will request UE to Update its model along with facilitation Model Transfer.
	-UE can request gNB to  update its model.
UE can facilitate in Model transfer procedure
	-gNB may request UE to provide updated model for its usage.
UE would need to  facilitate Model Transfer.
	-UE may request gNB to provide updated model for usage at UE and also on the gNB.
gNB may facilitate Model Transfer.
	-gNB may request UE to provide updated model for usage at gNB and also on the at UE.
UE may facilitate Model Transfer.
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