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In RAN2#121 meeting, RAN2 made following agreements for model transfer/delivery:
We Use the wording “model transfer/delivery”
model delivery that serves the use cases in the SI is within RAN2 scope, regardless other aspects.
Agreed: 
Aim to at least analyze the feasibility and benefits of model/transfer solutions based on the following:
Solution 1a: gNB can transfer/deliver AI/ML model(s) to UE via RRC signalling.
Solution 2a: CN (except LMF) can transfer/deliver AI/ML model(s) to UE via NAS signalling.
Solution 3a: LMF can transfer/deliver AI/ML model(s) to UE via LPP signalling.
Solution 1b: gNB can transfer/deliver AI/ML model(s) to UE via UP data.
Solution 2b: CN (except LMF) can transfer/deliver AI/ML model(s) to UE via UP data.
Solution 3b: LMF can transfer/deliver AI/ML model(s) to UE via UP data.
Solution 4: Server (e.g. OAM, OTT) can transfer/delivery AI/ML model(s) to UE (e.g. transparent to 3GPP).
In RAN2#123 meeting, RAN2 made following agreements for model transfer/delivery initiation:
Model transfer/delivery can be initiated in following two ways:
Reactive model transfer/delivery: an AI/ML model is downloaded when it is needed due to changes in scenarios, configurations, or sites.
FFS: Proactive model transfer/delivery: AI/ML models are pre-download to UE, and a model switch is performed when changes in scenarios, configurations, or sites occur.
In this contribution, we aim to further clarify the distinction between proactive and reactive model transfer. The ongoing email discussion [1] continues to analyze the pros and cons of different solutions and attempts to identify potential impacts on the specification. One aspect which is unclear is A7. Model transfer/delivery QoS (for DRB) (including latency, etc) and priority (for SRB). In our understanding the QoS incl. latency requirement for those two scenarios of model delivery/transfer would be different, which need to be further clarified. 
Discussion
[bookmark: OLE_LINK13]Proactive and Reactive Model Transfer/Delivery 
Typically, model transfer/delivery is the process that facilitates the availability of an AI/ML model at the UE side. The model can be selected or activated for inference when it's applicable to specific scenarios, configurations, or sites that it's designed for. Model transfer/delivery is thus necessary when there's no existing AI/ML model at the UE applicable to the relevant scenario, configuration, or site. In such instances, the UE needs to download the AI/ML model trained for the specific scenario, configuration, or site.
In RAN2#123 meeting, RAN2 agreed that model transfer/delivery can be initiated in a reactive way, i.e., an AI/ML model is downloaded when it is needed due to changes in scenarios, configurations, or sites. The proactive model transfer/delivery is FFS. If UE is able to store multiple AI/ML models, UE can pre-download the models. A model switching is performed when changes in scenarios, configurations, or sites occur. This depicts a proactive method of model transfer/delivery. The proactive model transfer/delivery is a practical approach, particularly for collaboration level 'y'. In this scenario, model delivery from the OTT server to the UE may be realized through a software update, which does not have a latency requirement. For collaboration level 'z', it allows the UE more flexibility to convert or compile the model into a runtime image due to the relaxed latency requirement. Therefore, the proactive model transfer/delivery approach should also be supported. 
Proposal 1: Proactive model transfer/delivery is supported as one approach to initiate model transfer/delivery, i.e., AI/ML models are pre-download to UE, and a model switch is performed when changes in scenarios, configurations, or sites occur. 
In RAN1#114 meeting, RAN1 made following observations for model transfer/delivery:
	Observation
· Scenario/configuration specific (including site-specific configuration/channel conditions) models may provide performance benefits in some studied use cases (i.e., when a single model cannot generalize well to multiple scenarios/configurations/sites).
· At least, when UE has limitation to store all related models, model delivery/transfer, if feasible, to UE may be beneficial, at the cost of overhead/latency associated with model delivery/transfer.
· Note: On-device Finetuning/retraining, if feasible, of a single model may be an alternative to model delivery/transfer.
· Note: a single model may generalize well in some studied use cases. 
· Note: Model transfer/delivery to UE may also face challenges, e.g., proprietary issues /burdens in some scenarios
Observation
· Model transfer/delivery of an unknown structure at UE has more challenges related to feasibility (e.g. UE implementation feasibility) compared to delivery/transfer of a known structure at UE.


Based on the observation, RAN1 is also considering the case that a single model cannot generalize well to multiple scenarios/configurations/sites and UE has limitation to store all related models. In this case, UE downloads the model only when necessary - a reactive approach to model transfer/delivery. Just as the observation made by RAN1, the model transfer/delivery is beneficial at the cost of overhead/latency associated with model transfer/delivery. 
Some companies think that even if model transfer/delivery is initiated reactively due to changes in configuration, conditions, or site, there is no latency requirement for model transfer/delivery. This is because the UE can always be fallback to non-AI operation. But in our understanding, we categorize this case as proactive model transfer/delivery because it does not necessitate the immediate use of the newly downloaded AI/ML model.
The purpose of reactive model transfer/delivery is to download and immediately utilize the AI/ML model adaptive to the changes in configuration, conditions, or site. Therefore, for reactive model transfer/delivery, the latency requirement for model transfer/delivery should be taken into account. This process should be swift enough to adapt to changes in scenarios, configurations, or sites. If not, the AI/ML model may become outdated by the time it is available at the UE. For instance, in the extreme case where the AI/ML model is cell-specific, reactive model transfer/delivery does have a latency requirement when the UE moves among different cells.
Proposal 2: RAN2 assumes that the objective of reactive model transfer/delivery is to promptly download and utilize the model for the applicable configuration, condition, or site. 
In the context of model transfer/delivery, proactive and reactive approaches have different latency requirements due to their inherent characteristics:
· Proactive Model Transfer/Delivery: This approach anticipates changes and prepares the model in advance. As such, there is typically no stringent latency requirement for proactive model transfer/delivery. The updates can be scheduled during periods of low network demand or during off-peak hours to minimize impact on network performance.
· Reactive Model Transfer/Delivery: This approach responds to changes as they occur, such as changes of scenarios, configurations, sites, etc or when a model's performance has degraded beyond a certain threshold. Therefore, it is crucial to have a latency requirement for reactive model transfer/delivery to ensure timely updates and maintain the performance.
Proposal 3: Proactive model transfer/delivery doesn’t have latency requirement, while reactive model transfer/delivery has more stringent latency requirement.  
For case y, the model is transferred from the OTT server to the UE. Concerning proactive model delivery, the exact method used for triggering the model delivery procedure falls outside of RAN2's scope. For instance, the OTT server may initiate the model delivery process when certain events occur, such as the availability of a new or updated model on the OTT server that needs to be downloaded by the UE. However, in the case of reactive model delivery, the challenge lies in ensuring that the OTT server is aware of the associated radio access network configuration, scenario, and site, and is able to deliver the relevant model to the UE in a timely manner. 
Model Transfer/Delivery Latency
In the email discussion [1], it is proposed that this area A7. Model transfer/delivery QoS (for DRB) (including latency, etc) and priority (for SRB) should be evaluated for different model transfer/delivery solutions. According to proposal 3, since there is no latency requirement for proactive model transfer/delivery, there is no point of consider it’s QoS and priority. The discussion of QoS is only meaningful in the scenario of reactive model transfer/delivery. This is due to the need for minimizing the duration from the onset of model transfer/delivery to the moment when the AI/ML model is ready for execution at the UE. Ensuring promote model transfer/delivery is one important aspect to ensure adaptability regarding any changes to the scenario, configuration, and sites.
Proposal 4: Model transfer/delivery QoS and priority only needs to be considered for reactive model transfer/delivery. 
With reference to the latency requirement for AI/ML application model download in Solution 4 [1], the end-to-end (E2E) latency accounts for 1 second, forming a dominant influence on the overall model delivery latency. In conjunction with the transport latency and the User Equipment (UE) processing latency, the total latency is estimated to reach 2 seconds. If the model delivery is carried out reactively, the UE may not obtain the AI/ML model promptly upon alterations in the scenarios, configurations, or sites, causing potential issues. Therefore, Solution 4 proves effective primarily with proactive model delivery. The specifics on how the UE and the server converse to determine the initiation of the model delivery procedure are implementation-oriented and might be outside the 3GPP scope. But, if model monitoring and control occur at the network, anytime the UE downloads new or updated models from the server, it ought to update the model information with the network.
For alternatives to Solution 4, we anticipate the latency for model transfer to be significantly less. The dominant factor in the total latency of model transfer should be transport latency, which depends on the size of the model and the data rate. Assuming the model size is 30 Mbits and the data rate is 100 Mbps, the transport latency would be around 300 ms. Model transfer latency from RAN nodes is generally less than from CN nodes. UP-based model transfer solutions typically offer shorter latencies than CP-based solutions. We expect the total model transfer latency for options 1a/1b, 2a/2b, and 3a/3b to be in the range of hundreds of milliseconds. 
To fully understand the overall latency, we require RAN1's input regarding the typical latency requirements (either specific values or a range) for the reactive model transfer/delivery approach. Additionally, awareness of the model size can enable RAN2 to calculate an estimation of transmission latency. This understanding becomes a primary factor in choosing between CP-based solutions and UP-based solutions. Moreover, we need RAN1 to provide typical model sizes (either specific values or a range), facilitating an evaluation of the suitability of different model transfer/delivery solutions.
Proposal 5: Ask RAN1 to provide input on the typical latency requirement (value or value range) to transfer an AI/ML model in reactive manner. Additionally, RAN1 should provide input on the typical model size (value or value range), allowing RAN2 to assess the applicability of different model transfer/delivery solutions.  
Conclusion
Proposal 1: Proactive model transfer/delivery is supported as one approach to initiate model transfer/delivery, i.e., AI/ML models are pre-download to UE, and a model switch is performed when changes in scenarios, configurations, or sites occur. 
Proposal 2: RAN2 assumes that the objective of reactive model transfer/delivery is to promptly download and utilize the model for the applicable configuration, condition, or site. 
Proposal 3: Proactive model transfer/delivery doesn’t have latency requirement, while reactive model transfer/delivery has more stringent latency requirement.  
Proposal 4: Model transfer/delivery QoS and priority only needs to be considered for reactive model transfer/delivery. 
Proposal 5: Ask RAN1 to provide input on the typical latency requirement (value or value range) to transfer an AI/ML model in reactive manner. Additionally, RAN1 should provide input on the typical model size (value or value range), allowing RAN2 to assess the applicability of different model transfer/delivery solutions.  
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