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1 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Introduction
Rel-18 AI/ML for air interface Study Item (SI) provided a comprehensive study on why and how to apply AI/ML for air interface, and Technical Report (TR) 38.843 captures the outcome of the SI [1]. Based on Rel-18 SI outcome, Rel-19 Work Item (WI) is targeting on providing specification support for the general framework as well as the selected representative use cases [2]. In this contribution, we provide our views on the general issues of AI/ML model and data.
	Objective of WI [2]
Provide specification support for the following aspects:
· AI/ML general framework for one-sided AI/ML models within the realm of what has been studied in the FS_NR_AIML_Air project [RAN2]:
· Signalling and protocol aspects of Life Cycle Management (LCM) enabling functionality and model (if justified) selection, activation, deactivation, switching, fallback
· Identification related signalling is part of the above objective 
· Necessary signalling/mechanism(s) for LCM to facilitate model training, inference, performance monitoring, data collection (except for the purpose of CN/OAM/OTT collection of UE-sided model training data) for both UE-sided and NW-sided models
· Signalling mechanism of applicable functionalities/models
· …
Study objectives with corresponding checkpoints in RAN#105 (Sept ’24):
· …
· Necessity and details of model Identification concept and procedure in the context of LCM [RAN2/RAN1] 
· CN/OAM/OTT collection of UE-sided model training data [RAN2/RAN1]: 
· [bookmark: _Hlk152950182]For the FS_NR_AIML_Air study use cases, identify the corresponding contents of UE data collection
· Analyse the UE data collection mechanisms identified during the FS_NR_AIML_Air (TR 38.843 section 7.2.1.3.2) study along with the implications and limitations of each of the methods 
· Model transfer/delivery [RAN2/RAN1]: 
· [bookmark: _Hlk152950348]Determine whether there is a need to consider standardised solutions for transferring/delivering AI/ML model(s) considering at least the solutions identified during the FS_NR_AIML_Air study 
· …

NOTE: offline training is assumed for the purpose of this project. 
NOTE: the outcome of the study objectives should be captured in TR 38.843 for future reference. 
NOTE: Coordination with SA/SA WGs of the ongoing study/work as it may relate to their required work. 



2 Discussions on LCM
2.1 Model Identification
Justification on the need of model-ID can be based on the fact that functionality-based LCM may not be able to support all collaboration levels between NW and UE, especially for level Z with model transfer and model update, in particular if UE could not develop the model itself and needs to download from NW, or for two-sided models are developed by both NW and UE. It could be difficult to deliver or to transfer multiple models for the same functionality without involving model ID. In addition, according to the TR [1], functionality refers to an AI/ML-enabled Feature/FG enabled by configuration(s), where configuration(s) is(are) supported based on conditions indicated by UE capability, and additional conditions refer to any aspects that are assumed for the training of the model but are not a part of UE capability for the AI/ML-enabled feature/FG. Therefore, functionality based LCM cannot reflect any additional conditions. To ensure consistency between training and inference regarding NW-side additional conditions, model ID may be always required. With either Type A or Type B model identification procedure, the relationship between additional conditions and the model ID can be established.
Observation 1: Model ID is essential for use cases with model transfer, model update, or two-sided models, and may be beneficial to differentiate additional conditions to ensure the consistency between training and inference. 
Proposal 1: Support model ID and model identification in Rel-19.
Different types of model ID may be used during model identification procedure, for example, a global model ID and a local model ID. A global model ID is usually much more complicated than a local model ID and can be used for the initial identification, and after the models being identified, a simpler ID, e.g., local ID can be used for the following managements including model activation, deactivation, switching and selection. The figure below illustrates a model identification procedure initiated by the UE and NW may respond the request by assigning a local ID for the future use.

Figure 1 an example of model ID translation
Proposal 2: In the model identification procedure, support the translation from a global model ID to a local model ID.

2.2 Additional Conditions
The concept of additional conditions was introduced during the later stage of the study item where the need for the additional conditions was identified due to presence of AI/ML training variables which may not be standardised. For instance, in AI/ML based beam management use case, network topology elements like cell layout or antenna configuration, or UE internal variables like UE speed can impact the selection of the AI/ML model which should be used during AI/ML operation. However, even though these variables may be used for training of AI/ML model and thereby the AI/ML model operation require these variables as input, these variables may not be standardised due to disclosure of proprietary information. Hence, classifying these variables as additional conditions can be an enabler for optimal AI/ML operation.
Among the methods which have been considered for ensuring consistency between network and UE for these additional conditions, the methodology of “Consistency assisted by monitoring” seems to be the least optimal solution. This method is expected to result in high delay in selection of optimal AI/ML model for a UE. For instance, if multiple set of beam management models are developed for different UE speeds and network wants to use the monitoring procedure to select the optimal model, then network needs to activate multiple models at UE one by one associated to different UE speeds until it determines an AI/ML model which results in the best performance. For the duration of time when network is activating non-optimal model(s) at UE, the UE performance suffers and results in delay in selection of the most optimal model at UE.
Observation 2: Ensuring consistency of additional conditions using monitoring procedure results in high delay in identification of the suitable AI/ML model to run at UE, during which system performance suffers. 
Proposal 3: For inference for UE-side models, to ensure consistency between training and inference regarding NW-side additional conditions (if identified), the following options should be considered as priority:
· Model identification to achieve alignment on the NW-side additional condition between NW-side and UE-side
· Model training at NW and transfer to UE, where the model has been trained under the additional condition
· Information and/or indication on NW-side additional conditions is provided to UE 

2.3 Data collection
Data collection may be performed for different purposes in LCM, e.g., model training, model inference, model monitoring, model selection, model update, etc., and each may be done with different requirements and potential specification impact. It seems that RRC configuration/reconfiguration cannot be avoided, for different LCM stages, dedicated signalling and configurations are needed. 
Observation 3: RRC configuration/reconfiguration may be used to indicate the start and the end of data collection for different LCM stages.
At least for a same model, the association among those different data collection configurations may need to be provided to UE, since UE needs to be aware that these configurations are for different LCM stages of the a same AI/ML model, and to maintain some consistency in measurement and report for those data collections. As discussed in each use case, at least the consistency across training and inference is beneficial from performance perspective. In addition, the consistency across model inference and performance monitoring may also be needed.
Proposal 4: The association among data collection configurations for different LCM stages needs to be provided to UE.
For triggering/initiating data collection at UE side for UE-side AI/ML model, two options can be considered as follows.
· Option 1: data collection initiated/triggered by configuration from NW, and 
· Option 2: request from UE for data collection.
[bookmark: _GoBack]The advantages of Option 1 ensure data collection is aligned with network requirements. It allows for a more centralized control, which can be efficient in terms of network resource management and maintaining consistency across different UEs. The disadvantage is that it might not be as responsive to an immediate or specific requirement of individual UEs. Option 2 can offer more flexibility and responsiveness to the UE’s needs or environment changes. However, it could potentially overload the network with requests, especially in a case that a large number of UE trigger in a short period. Therefore, Option 1 can be a starting point, and Option 2 can serve as a supplementary. Moreover, for Option 2, it only specifies that request from UE but did not detail the subsequent procedures, such as how the gNB responds to the UE’s request. Therefore, additional clarification may be needed.
Proposal 5: For triggering/initiating data collection at UE side for UE-side AI/ML model, 
· Option 1: data collection initiated/triggered by configuration from NW is preferred, and 
· Option 2: request from UE for data collection can serve as a supplementary. 
Moreover, Option 2 may need additional clarification on the steps that follow after request initiated by the UE.

2.4 Performance Monitoring
For AI/ML model performance, methods should be identified to support the monitoring of AI/ML model performance and the required feedback signalling. The TR concluded several methods for AI/ML model monitoring, based on inference accuracy, system performance, data distribution, applicable condition respectively.
It can be observed that each method has its own application scenario, since the cause of model failure may be different. Supporting more than one of monitoring methods seems inevitable. If the monitoring method is determined at NW, configuration information of model monitoring method should be provided to UE. If the monitoring method is determined at UE, together with the model monitoring results, it may report the applied monitoring method, or it may report the cause of model failure if the monitoring results implying the model has been failed. In addition, considering the different candidate monitoring methods, UE capability on the supported methods of model monitoring shall also be reported.
Proposal 6: Information of model monitoring methods can be provided to NW or UE. If model failure occurs, the cause of model failure may also be reported.
RAN1 had also considered the mechanism of monitoring inactive model/functionality for the purpose of model management decision making (e.g. activation/deactivation), however more discussions are required for the details of the procedure. Monitoring of inactive model/functionality is useful when a new model needs to be deployed in the network whose real time performance over different cells still needs to be validated. In such a case, the model/functionality shall be run at UE only for monitoring purpose without using the model/functionality for actual radio operation. For instance, in UE based beam prediction, UE may run legacy operation of beam measurements (e.g. by measuring full set of SSBs/CSI-RS) while at the same time a model/functionality could be run at UE (performing beam prediction) whose monitoring is performed to determine the performance of the given model/functionality.
Proposal 7: Specify monitoring of inactive model/functionality for the purpose of activation/selection/switching of UE-side models/UE-part of two-sided models /functionalities for Rel-19 AI/ML.
Subsequently, it needs to be discussed, when an inactive model/functionality is being monitored, whether UE should run legacy operation or can UE activate a different model/functionality simultaneously for radio operations. For example, model-1 may be inactive but being monitored for beam prediction and at the same time model-2 may be activated at the same UE for beam prediction through which radio operations are being enabled. Such operation can allow testing of newly deployed AI/ML models and at the same time continuing the radio operation using older well-established AI/ML models. However, the UE capability for supporting such procedure needs to be investigated.
Observation 4: Concurrent inference operation of two models/functionalities at a UE (where one model/functionality is inactive but being monitored and other model/functionality is activated at UE) allows testing of newly deployed AI/ML model/functionality (using inactive model operation) and at the same time continuing the radio operation using older well-established AI/ML model/functionality.
[bookmark: _Hlk157680985]Proposal 8: Discuss whether a UE can perform inference of two models/functionalities concurrently where one model/functionality is inactive but being monitored and other model/functionality is activated at UE.

2.5 Management
Although explicit LCM signalling can be used to indicate AI/ML functionality/model selection, activation/deactivation/switching, adaptive selection of applied AI/ML functionality/model can greatly reduce signalling overhead, and possibly latency. For example, if different AI/ML functionalities/models are available for LOS/NLOS, high/low SINR, high/low velocity, more/less antenna ports/beams respectively, model/functionality switching can be adaptive to the change of configurations or the detection of change of the scenarios.
Proposal 9: Support adaptive model/functionality selection, activation, deactivation, switching, and fallback based on additional conditions.
At least for UE side AI/ML functionality/model management, event triggered method may be considered, a timer and a counter can be used to control the management of the AI/ML functionality/model as follows. UE could activate candidate model(s) for performance assessment before switching to it.
1. For AI/ML performance to be monitored, UE higher layer can initialize a counter to 0
2. For an assessment duration, UE could monitor the performance of the AI/ML
3. Based on assessment in the assessment duration, UE PHY layer may generate an indication to UE higher layer to indicate the performance issue of the AI/ML 
4. UE higher layer may start a timer when receives the indication from PHY layer for the first time
5. While the timer is running, 
a) when UE higher layer receives the indication from PHY layer, UE higher layer may increase the counter by 1 and restart the timer
b) If the counter reaches a threshold value, UE higher layer can make decision to deactivate the current AI/ML model
c) If the counter reaches another threshold value, UE higher layer can make decision to assess candidate model(s), if the candidate model(s) is inactive, it can be activated
6. When the timer expires, the counter is set to 0
Proposal 10: Support event triggered AI/ML functionality/model activation/deactivation/switching.

3 [bookmark: OLE_LINK174][bookmark: OLE_LINK175]Discussion on Collaboration Levels and Model Transfer
Network-UE collaboration levels x, y and z are considered during the Rel-18 study phase, and for Level z: signalling-based collaboration with model transfer, 5 different assumptions for model transfer are discussed, as in the following table.
	[1] Table 4.3-1: Model delivery/transfer cases
	Case
	Model delivery/transfer
	Model storage location
	Training location

	y
	model delivery (if needed) over-the-top.
	Outside 3GPP Network
	UE-side / NW-side / neutral site

	z1
	model transfer in proprietary format.
	3GPP Network
	UE-side / neutral site

	z2
	model transfer in proprietary format.
	3GPP Network
	NW-side

	z3
	model transfer in open format.
	3GPP Network
	UE-side / neutral site

	z4
	model transfer in open format of a known model structure at UE, i.e., an exact model structure as has been previously identified between NW and UE and for which the UE has explicitly indicated its support. 
	3GPP Network
	NW-side

	z5
	model transfer in open format of an unknown model structure at UE, i.e., any other model structure not covered in z4, including any model structure that is only partially known.
	3GPP Network
	NW-side

	Note:	The definition of various Cases is only for the purpose of facilitating discussion and does not imply applicability, feasibility, entity mapping, architecture, signalling nor any prioritization.





Several benefits of model transfer were identified during the study phase for AI/ML operation. From our perspective, supporting scenario/configuration specific models has one of the highest priorities. Although scenario/configuration specific models have not been actively considered in 3GPP, as the deployment of AI/ML accelerates, there is expected to be significant need of such models to achieve the highest possible network performance given large variations of network deployment from cell to cell. For instance, beam management study has already identified the impact of cell topology/deployment on the performance of AI/ML algorithms and various mechanisms are being considered e.g. additional conditions, dataset identifiers to handle different deployment scenarios. However, as each cell deployment is a combination of various factors (cell layout, antenna configuration, types of UEs, etc.) each of which individually impacting the AI/ML performance, covering all such combinations requires deployment of large number of AI/ML models which introduces significant burden at UE in terms of model maintenance and memory consumption. Hence, model transfer is essential to cater to such deployments where scenario/configuration specific models can be deployed at UE by gNB on demand. 
Observation 5: Supporting model transfer is essential when considering cell/scenario-specific AI/ML deployment which is expected to happen when AI/ML deployment accelerates.
While it can be argued that model transfer can be specified at a later release when this requirement materialises, but this could imply that the framework which is defined in current release does not consider the requirements of model transfer (e.g. model format) and thereby the introduction of model transfer in future could face significant technical bottlenecks. Thereby, we believe that model transfer should be supported from the start to allow more optimal future deployments of AI/ML which can optimise the network operations.
Proposal 11: Model transfer should be supported from Rel-19 to ensure future-proofness of AI/ML operation.
In relation to the model transfer methodology, we need to consider both the UE and network implementation issues to define a suitable solution. While both z1 and z2 case allow use of proprietary model formats which is friendlier in terms of UE side compilation, z2 requires complex UE-network collaboration for network to train models in UE vendor-specific model format. This can be a huge burden for network implementations. Hence, z2 can be deprioritised considering the network implementation complexity.
Observation 6: Model transfer methodology z2 requires complex UE-network collaboration which increases network complexity significantly.
Further, network-side training of model and then subsequent transfer using method z5 imposes complications for UE implementation where UE would need to support all variations of model format. This does not translate well for AI/ML deployment consideration. Hence, model transfer method z5 can be deprioritised for further discussion.
Observation 7: Model transfer methodology z5 increases UE implementation burden of supporting all variations of model structure.
Proposal 12: Prioritize z1, z3 and z4 for further discussion for model transfer methodologies.
If model transfer is supported and it may be common practice for UEs to download models, considering that NW or AI/ML server may need to deliver the same model to multiple UEs, it is beneficial to have group common transmission. However, the payload size of a group common model transfer is much larger than legacy group common PDSCH, which may require further investigations on the feasibility.
Proposal 13: Support group common transmission for model transfer.

4 UE Capability Reporting and UE Assistance Information Reporting
During the SI, RAN1 also discussed the need to study how to handle UE’s internal conditions such as memory, battery which may impact AI/ML operation. Given that AI/ML models are expected to be more intensive as compared to legacy operation and may require dedicated UE hardware to optimise its operations, it seems natural to support handling UE internal conditions properly. While for the case of UE-based AI/ML operation, such kind of intervention can be performed locally at UE without any awareness of 3GPP network, for the case when AI/ML model operation is controlled by the network (e.g., activation/deactivation) it is important to discuss how UE can indicate its internal conditions to the network for optimal AI/ML operation. 
Observation 8: It is important to discuss how UE can indicate its internal restrictions to activate or run an AI/ML model/functionality to the network for optimal AI/ML operation. 
There are two types of indications from UE to network which can be supported for such application. In the first approach, UE can indicate to the network its detailed status of memory size, battery level and other hardware limitations to the network like UE Assistance Information message. However, this may involve proprietary information disclosure of UE’s operation which may be undesirable. Further it is not clear how network would be able to ascertain based on the assistance information whether UE can run an AI/ML model/functionality as AI/ML operation footprint shall be UE implementation specific.
Observation 9: Reporting of UE’s internal conditions such as memory size, battery level and other detailed hardware limitations to gNB for AI/ML operation may lead to UE’s proprietary information disclosure and may be hard for network to determine AI/ML applicability for a UE based on the provided information.
In other approach, UE can indicate whether it can run an AI/ML functionality/model after gNB indicates an AI/ML model/functionality for configuration or activation. UE, after receiving AI/ML information, shall determine whether it can run the AI/ML model/functionality or not based on its internal conditions. If the UE determines that it shall not be able to run an AI/ML model/functionality, it can indicate that to network about the restriction and can also provide a relevant cause value (e.g., memory limitation) which can allow network to understand the reason of failure and appropriate next action. Such a procedure keeps implementation simple and efficient.
Proposal 14: Specify UE indication to network about its inability to run a configured/activated AI/ML model/functionality due to UE’s internal condition along with a relevant cause value for the failure.

5 Conclusion
In this contribution, we provided our views on Rel-19 specification work on AI/ML for air-interface, and we have the following observations and proposals:
Observation 1: Model ID is essential for use cases with model transfer, model update, or two-sided models, and may be beneficial to differentiate additional conditions to ensure the consistency between training and inference. 
Observation 2: Ensuring consistency of additional conditions using monitoring procedure results in high delay in identification of the suitable AI/ML model to run at UE, during which system performance suffers. 
Observation 3: RRC configuration/reconfiguration may be used to indicate the start and the end of data collection for different LCM stages.
Observation 4: Concurrent inference operation of two models/functionalities at a UE (where one model/functionality is inactive but being monitored and other model/functionality is activated at UE) allows testing of newly deployed AI/ML model/functionality (using inactive model operation) and at the same time continuing the radio operation using older well-established AI/ML model/functionality.
Observation 5: Supporting model transfer is essential when considering cell/scenario-specific AI/ML deployment which is expected to happen when AI/ML deployment accelerates.
Observation 6: Model transfer methodology z2 requires complex UE-network collaboration which increases network complexity significantly.
Observation 7: Model transfer methodology z5 increases UE implementation burden of supporting all variations of model structure.
Observation 8: It is important to discuss how UE can indicate its internal restrictions to activate or run an AI/ML model/functionality to the network for optimal AI/ML operation. 
Observation 9: Reporting of UE’s internal conditions such as memory size, battery level and other detailed hardware limitations to gNB for AI/ML operation may lead to UE’s proprietary information disclosure and may be hard for network to determine AI/ML applicability for a UE based on the provided information.

Proposal 1: Support model ID and model identification in Rel-19.
Proposal 2: In the model identification procedure, support the translation from a global model ID to a local model ID.
Proposal 3: For inference for UE-side models, to ensure consistency between training and inference regarding NW-side additional conditions (if identified), the following options should be considered as priority:
· Model identification to achieve alignment on the NW-side additional condition between NW-side and UE-side
· Model training at NW and transfer to UE, where the model has been trained under the additional condition
· Information and/or indication on NW-side additional conditions is provided to UE 
Proposal 4: The association among data collection configurations for different LCM stages needs to be provided to UE.
Proposal 5: For triggering/initiating data collection at UE side for UE-side AI/ML model, 
· Option 1: data collection initiated/triggered by configuration from NW is preferred, and 
· Option 2: request from UE for data collection can serve as a supplementary. 
Moreover, Option 2 may need additional clarification on the steps that follow after request initiated by the UE.
Proposal 6: Information of model monitoring methods can be provided to NW or UE. If model failure occurs, the cause of model failure may also be reported.
Proposal 7: Specify monitoring of inactive model/functionality for the purpose of activation/selection/switching of UE-side models/UE-part of two-sided models /functionalities for Rel-19 AI/ML.
Proposal 8: Discuss whether a UE can perform inference of two models/functionalities concurrently where one model/functionality is inactive but being monitored and other model/functionality is activated at UE.
Proposal 9: Support adaptive model/functionality selection, activation, deactivation, switching, and fallback based on additional conditions.
Proposal 10: Support event triggered AI/ML functionality/model activation/deactivation/switching.
Proposal 11: Model transfer should be supported from Rel-19 to ensure future-proofness of AI/ML operation.
Proposal 12: Prioritize z1, z3 and z4 for further discussion for model transfer methodologies.
Proposal 13: Support group common transmission for model transfer.
Proposal 14: Specify UE indication to network about its inability to run a configured/activated AI/ML model/functionality due to UE’s internal condition along with a relevant cause value for the failure.
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