3GPP TSG-SA WG1 Meeting #108 	S1-244509
Orlando, Florida, USA, 18-22 November 2024	(revision of S1-244043)

Title:	AI/ML model life cycle management
Agenda Item:	8.1.7
Source:	ZTE 
Contact:	Chen Lin   chen.lin23@zte.com.cn

Abstract: <provide a short description of the content>
This contribution proposes a use case about AI model life cycle management, which enables the 6G system to provide dynamic and adaptive AI/ML model management.

************************ New Use Case ***********************************
W.y	Use case on AI/ML model life cycle management
W.x.1	 Description
6G targets to provide AI-native wireless network, where AI will be incorporated into the network architecture, radio resource management, PHY layer design, network security and application enhancement from the very beginning of the network design. Various AI techniques (e.g., machine learning, deep learning, reinforcement learning, federated learning) can be leveraged for the design, deployment, management and operation of the 6G devices and network entities. It means that UE, RAN, core network, OAM, IMS server or third party applications may be empowered by AI/ML models. 
In order to ensure the efficient AI operation of 6G system, unified life cycle management of AI/ML model should be considered. To be specificFor example, the AI/ML model life cycle management may include the following phases:
- Model training: based on the collected training data set, the AI/ML model may be trained. Model training is an iterative process and multiple AI/ML models can be created.
- Model validation: assessing the ability of an AI/ML model to produce predictions with enough accuracy to be used to achieve objectives.   
- Model inference: running the AI/ML model to make inference or derive prediction.
- Model monitoring: evaluating the AI/ML model's performance after having AL/ML model deployed online. 
- Model retraining and updates: when the performance of AI/ML model drop, the AI/ML model can be retrained or updated to reflect the environment update. 
- Model selection or switching: when multiple AI/ML models are available, model selection or switching may be considered based on current situation. When all the AI/ML models available are not effective, it can fall back to the rule-based network operation.
The AI/ML model life cycle management can be used for UE, RAN, core network and OAM. Moreover, it can be used for the AI/ML model management of third party applications. With drone delivery company as an example, different AI/ML models may be used for various tasks, such as path planning, obstacle avoidance, and package handling. The optimal AI/ML model for a given package delivery can vary depending on factors like weather conditions, airspace congestion, etc. The drone delivery company may leverage the 6G operator to train and manage its AI/ML models without investing expensive computing hardware for model training.  
Although traditional cloud providers may offer powerful centralized AI training and management capabilities, the 6G operator can provide distinct advantages for the drone delivery company. To be specific, AI/ML models can be updated or switched in real-time way at the network edge of 6G system and drones can benefit from immediate feedback for mission-critical scenarios like package delivery, where immediate AI model updates or switch are necessary to ensure safety and efficiency. Traditional cloud services generally introduce higher latency due to the distance between drones and centralized or regional data centers. This delay, even if small, can be problematic for time-sensitive drone operations. Moreover, the AI/ML model can be trained or updated closer to where the training data is generated in 6G system. As we know, drones need to collect data about their environment, including weather conditions, GPS location, obstacle proximity, and package information. This data can be transmitted to 6G network for AI/ML model training and updates. This localized processing minimizes the need to send massive amounts of data to distant cloud servers, leading to reduced bandwidth usage and improved energy efficiency. 
In a sum, 6G system can provide much more suitable infrastructure for real-time and energy efficient AI model training and management for third party. In the following drone delivery use case, 6G system can enable dynamic and adaptive AI/ML model management, leading to more efficient, resilient drone delivery operation.  
W.x.2	 Pre-conditions
A drone delivery company utilizes AI/ML models for various tasks, such as path planning, obstacle avoidance, and package handling. The optimal AI/ML model for a given delivery can vary depending on factors like weather conditions, airspace congestion, etc.
The 6G system is operated by operator A, which owns sufficient computing powerresource and provides unified AI/ML model management for network devices and network entities. The drones of the drone delivery company are equipped with 6G connectivity. The drone delivery company has subscribed the AI/ML model management service of operator A, which leverage the 6G system to train AI/ML models and manage these AI/ML models. 
W.x.3	 Service Flows
1. The drones with 6G connectivity continuously collect data about their environment, including weather conditions, GPS location, obstacle proximity, and package information. This data is transmitted to 6G network for basic AI/ML model training. 
2. Upon the completion of the AI/ML model training and validation, this AI/ML model can be loaded onto the drone via 6G system. This AI/ML model can assist drones’ path planning, obstacle avoidance and package handling. 
3. When the environment and mission requirement changes, a more appropriate AI/ML model can be selected and loaded onto the drone. For example, 6G system analyze the real-time weather condition reported by drone and determine that it is heave rain. Then a model trained for adverse weather conditions would be selected and dynamically loaded onto the drone over the 6G system. On the other hand, in congested airspace, an AI/ML model optimized for collision avoidance can be selected.
4. The 6G system continuously monitors the performance of the active AI/ML model. If the AI/ML model's performance degrades and no other appropriate AI/ML model is available, the AI/ML model can be retrained to reflect the environment update. During the retraining phase, the drone can fall back to the rule based control since the AI/ML model is not ready. 
5. This continuous AI/ML model selection and retraining process ensures that the AI/ML models remain effective and adapt to evolving conditions and challenges. 

W.x.4	 Post-conditions
Based on the AI/ML model life cycle management provided by 6G system, the drone can use the most appropriate AI model for the current situation, improving the performance and safety of the drone delivery company. 
W.x.5	Existing features partly or fully covering the use case functionality
In TS 28.105, the ML model life cycle is captured in clause 4a.0, where the ML model training, ML model testing, AI/ML inference emulation, ML model deployment, AI/ML inference are described. However, only the ML models used in 5GC, NG-RAN and management system are taken into account in TS 28.105. The life cycle of ML model used in UE is not covered in TS 28.105. Moreover, how to manage the AI/ML model based on the request of authorized third parties is not covered in TS 28.105 as well. On the other hand, the AI/ML model selection and dynamic update which address the environment changes is not covered in the ML model life cycle in TS 28.105. 
 
In TS 22.261, clause 6.40.1 on AI/ML model transfer include the following requirements:
 -	AI/ML model/data distribution and sharing over 5G system
Multi-functional mobile terminals might need to switch the AI/ML model in response to task and environment variations. The condition of adaptive model selection is that the models to be selected are available for the mobile device. However, given the fact that the AI/ML models are becoming increasingly diverse, and with the limited storage resource in a UE, it can be determined to not pre-load all candidate AI/ML models on-board. Online model distribution (i.e. new model downloading) is needed, in which an AI/ML model can be distributed from a NW endpoint to the devices when they need it to adapt to the changed AI/ML tasks and environments. For this purpose, the model performance at the UE needs to be monitored constantly.
As we can see, the adaptive model selection and switch is captured in TS 22.261. However, it only applies to the model used in mobile device. For the AI/ML model used by RAN, core network, OAM, IMS server or third party applications, the model selection and selection are not supported.   
W.x.6 Potential New Requirements needed to support the use case
[PR.w.x.6-1]	Subject toBased on operator’s policy, the 6G network shall be able to support on-demand training and validation of AI/ML model based on the request of operator or authorized third parties. 
Editor’s Note: FFS on which network entity in 6G network to perform the AI/ML model training and validation. 

[PR.w.x.6-2]	Subject toBased on operator’s policy, the 6G system shall be able to support selection of AI/ML model based on environment characteristics (e.g. weather condition, congestion status, etc.).  
[PR.w.x.6-3]	Subject toBased on operator’s policy, the 6G system shall be able to support dynamic update of AI/ML model for AI/ML model inference.  
[PR.w.x.6-4]	Subject toBased on operator’s policy, the 6G system shall be able to monitor the performance of AI/ML model.
[PR.w.x.6-5]	Subject toBased on operator’s policy, the 6G system shall be able to initiate the AI/ML models retraining if necessary. 
[PR.w.x.6-6]	Subject to operator’s policy, the 6G system shall be able to fall back to the rule based control when AI/ML model is not ready. 
NOTE 1: The above requirements assume that the AI/ML model is for UE or for authorized third parties.

