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1 Introduction
The following agenda item has been introduced as of RAN2#121-bis-e.
	7.16.2 	AIML methods 
Explore AIML methods that are expected applicable to this SI and their expected or potential architecture (allocation of functionality to entities), Identification of Models, other framework aspects, impact on RAN2. Most of LCM is in RAN2 scope.
Both general aspects and use-cases specific aspects are applicable (for use cases in scope). Aspects of on-line/real-time training are deprioritized at current meeting. Please input to 7.16.2.x
7.16.2.3	Model transfer – delivery 
Expect to continue evaluation of cases / methods wrt different LCM purposes. Determine which tangible issues if any (e.g. performance aspects) should/could be considered for later decisions on data collection. 



In this paper, we will discuss details related to the specification impacts of model transfer/delivery using the control plane and the user plane and expand on the table developed in the RAN2#121 meeting [2], which compares each of the model transfer/delivery solutions agreed to in RAN2#121 [3].
2 Discussion
2.1 Model transfer/delivery mechanisms
During RAN2#121 the following was agreed regarding 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).




The first AIML models may be the smallest, with their size and complexity increasing as the technology develops. While it may be feasible to push CP data volume in the short term, this route might limit model size in the future, or require further expansion to CP data capacity. The UP has sufficient capacity to transfer/deliver larger models, but the UP does not natively support control signaling. For network-controlled model delivery, these two main options have emerged in solutions developed through discussions in the past meetings: CP-based and UP-based model delivery. For CP-based model delivery, the drawback is the data volume limitation, and its advantage is its native control signaling. For UP-based model delivery, the drawback is its lack of control signaling, and its advantage is that it is capable of a much larger data volume. To support UP-based model transfer/delivery, a control mechanism must be defined, which could be a fully application layer mechanism, or a UP model transfer/delivery supported by CP signaling, which could be RRC, NAS, or LPP signaling. These options are exemplified in Figure 1 and Figure 2.

Observation 1: The main drawback of CP-based model delivery is its data volume limitation.

Observation 2: The main drawback of UP-based model delivery is its lack of a native control mechanism.

Figure 1 shows a high-level example of some necessary messaging and interaction between an UP application layer approach. Considering the UE as the client and the gNodeB as the server, an application would run on each the UE and the gNodeB. A connection procedure would be developed such that the UE could initiate a session with the gNodeB application. Upon connection establishment, the gNodeB could push a new model to the UE application, which could place the model in the location from which it would run, or “install” the model on the UE.

Observation 3: An application layer control mechanism for an UP-based AIML model transfer/delivery would require a connection and security establishment procedure between the UE app and gNodeB app.



[bookmark: _Ref130549794]Figure 1: User Plane Model Transfer/Delivery to UE with Application Layer
Figure 2 implements the control through RRC signalling, NAS signalling, or LPP signalling in the case of model transfer/delivery from the gNodeB, core network, or the LMF, respectively. Authentication and PDU session establishment would be handled through existing means, and the data transfer could use existing data transfer protocols. 


[bookmark: _Ref130549795]Figure 2: User Plane Model Transfer/Delivery to a UE with Control
Observation 4: A CP-controlled UP-based AIML model transfer/delivery would use the existing authentication and PDU session establishment procedures, and preexisting data transfer protocols could facilitate the transfer.
Proposal 1: Study the control mechanism for each of the AIML model transfer/delivery options that use the UP.
There has been discussion related to the model storage location. The specific location, whether it is a local UPF, centralized UPF, mobile edge cloud (MEC), or local device storage in the gNodeB, CN, or LMF, is an implementation detail that depends on the latency requirement for model transfer/delivery. When a network entity initiates a model transfer/delivery, it is the responsibility of that network entity to be able to retrieve the model from that location or to make sure that the UE has access to that location.

Observation 5: The model storage location can be implementation specific if the network entity transferring/delivering the model has access to the model storage location or if the UE has access to the model storage location.

Proposal 2: RAN2 will not enforce a location of model storage.

2.2 Model transfer/delivery mechanisms comparison
During RAN2#121 [3], the following table [2] was agreed as a starting point for comparing each transfer/delivery solution.

	
	Pros
	Cons

	Solution 1a
	6. The existing RRC signaling solutions can be reused as baseline, at least including delta signaling and segmentation
9. Additional security and verification may not be necessary as the UE already established security before the transfer is initiated
11. gNB can take the control of the AIML model transfer itself, which cannot be achieved by traditional UP based solution


	1. Face challenges to convey large size or “no upper limit size” AI model by RRC message (e.g., >45kBytes)
2. Maybe high control plane overhead, as a large model size may need segmentation/transmission/acknowledgment. This consumes critical configuration time for model transfer/delivery
3. An incomplete control plane model transfer has to be restarted upon mobility, as there are no current procedures to resume transmission across gNBs. Some companies wonder whether it is critical or not as it depends on how frequent the gNB to send new/updated AI/ML to the UE

	Solution 2a and 3a
	5. Service continuity on model transfer/delivery is easy to achieve compared with Solution 1a
6. Impacts on RAN2 may be limited (some companies think that LPP signalling is in RAN2 scope)
	1. Face challenges to convey large size or “no upper limit size” AI model by RRC message (e.g., >45kBytes)
3. If NAS does the segmentation, it may introduce some overhead
4. (only valid for Solution 2a) CN is not a good option for later model monitoring/activation/deactivation/fallback/update that requires less latency. The model transfer/delivery is transparent to gNB, it could be tricky to get gNB involved in the AI model LCM. It could be problematic when the network needs to be in control of what happening at the UE side and especially in two-sided models where one side of the model is intended to be located at the network side

	Solution 1b
	1. The network can provide different 5QIs for model transfer/delivery with different QoS requirements (e.g., can support large model size)
2. Compared with CP-based solutions, this Solution 1b can reduces control plane overhead, reduces overhead at gNB for model delivery/transfer
5. Compared with CP-based solutions, it may not need to consider CP message segmentation, CP message blocking issue
	5. Not compatible with current mobility procedure. Supporting model transfer during mobility is not so straightforward

	Solution 2b and 3b
	1. The network can provide different 5QIs for model transfer/delivery with different QoS requirements (e.g., can support large model size)
5. Compared with CP-based solutions, it may not need to consider CP message segmentation, CP message blocking issue
	2. CP signalling is needed to configure and initiate the model transfer from the CN
4. May be unable to support delta-model transfer/delivery based on current user plane framework

	Solution 4
	2. If 3GPP network can be aware of AI/ML model in this Solution 4, the network can provide different 5QIs for model transfer/delivery with different QoS requirements (e.g., can support large model size). How to synchronize 3GPP and server so that the network can take appropriate actions is not clear, and it may not be fully under 3GPP control
	2. There may be inter-operability issues, such as:
a)	Different implementations may lead to different model performances and a huge burden of model management (e.g., frequent model activation/deactivation)
b)	Massive offline coordination is needed or requires lots of coordinations among vendors, especially for the CSI compression use case
4. When network cannot control the model transfer/delivery, the transfer of large model may impact important and delay sensitive user data traffic



Regarding point 6 in the pros section of solution 1a and point 4 in the cons section of solution 2b and 3b, we think it is premature to discuss delta signaling for AIML transfer/delivery because a definition of the concept has not been agreed. Particularly when discussing proprietary AIML model formats, the RRC delta signaling, which is data structure aware is not well suited (e.g., in delta signaling during for RRCReconfiguration, the data structure is pre-defined by the ASN.1 specification, whereas proprietary AIML models are simply represented as binary data).
Observation 6: Delta signalling for RRC ASN.1 can only be discussed when RRC ASN.1 structure is known.
Proposal 3: Postpone discussion on delta signaling and consider full model transfer for this study.
Generally, we agree that security aspects are accounted for natively by solutions 1a, 2a, and 3a as long as the signaling related to AIML model transfer/delivery is specified to happen only after security establishment. Furthermore, for the sake of discussion, we think that the comparison table could be made more useful if we discuss control plane vs. user plane vs. non-3GPP because the pros and cons are nearly identical between each of the control plane solutions and between each of the user plane solutions. Additionally, we think that while control plane vs. user plane needs to be discussed, the particular use cases will likely drive the location from which the AIML model is transferred/delivered (e.g., a positioning model would more likely come from the LMF than from the CN). There are some details about LCM aspects unrelated to model transfer/delivery that should be considered, but not as part of this table.
	
	Pros
	Cons

	Control Plane
	1. Additional security and verification may not be necessary as the UE already established security before the transfer is initiated.
2. The existing RRC signaling solutions can be reused as baseline, at least including delta signaling and segmentation
3. The network can take the control of the AIML model transfer itself, which cannot be achieved by traditional UP based solution
4. Service continuity on model transfer/delivery is easy to achieve (whether this applies to Solution 1a is FFS)
	1. Face challenges to convey large size or “no upper limit size” AI model by RRC message (e.g., >45kBytes)
2. Maybe high control plane overhead, as a large model size may need segmentation / transmission / acknowledgment. This consumes critical configuration time for model transfer/delivery
3. An incomplete control plane model transfer has to be restarted upon mobility, as there are no current procedures to resume transmission across gNBs.

	User Plane (3GPP)
	1. The network can provide different 5QIs for model transfer/delivery with different QoS requirements (e.g., can support large model size)
2. Compared with CP-based solutions, this Solution 1b can reduces control plane overhead, reduces overhead at gNB for model delivery/transfer
3. Compared with CP-based solutions, it may not need to consider CP message segmentation, CP message blocking issue
	1. Not compatible with current mobility procedure. Supporting model transfer during mobility is not so straightforward
2. CP signaling may be needed to initiate the model transfer

	User Plane (non-3GPP)
	1. If 3GPP network can be aware of AI/ML model in this Solution 4, the network can provide different 5QIs for model transfer/delivery with different QoS requirements (e.g., can support large model size).
	1. There may be inter-operability issues, such as:
a)	Different implementations may lead to different model performances and a huge burden of model management (e.g., frequent model activation/deactivation)
b)	Massive offline coordination is needed or requires lots of coordination among vendors, especially for the CSI compression use case
2. When network cannot control the model transfer/delivery, the transfer of large model may impact important and delay sensitive user data traffic



Proposal 4: Compare model transfer/delivery more broadly in terms of control plane vs. user plane vs. non-3GPP user plane solutions, and then separately consider RAN, CN, and LMF differences.
Using these three categories: control plane; user plane (3GPP); and user plane (non-3GPP) as a starting point, we propose the following additional pros and cons. If it is preferred to keep the original categories as proposed in the RAN2#121 meeting, then control plane will be mapped to all three solutions 1a, 2a, and 3a; user plane (3GPP) will be mapped to solutions 1b, 2b, and 3b; and user plane (non-3GPP) will be mapped to solution 4.
	
	Pros
	Cons

	Control Plane
	1. The UE and network can be synchronized in the control plane as part of an integrated transfer/delivery procedure.
	

	User Plane (3GPP)
	
	1. Additional CP signaling will be required to synchronize model state with the network.

	User Plane (non-3GPP)
	
	1. Additional CP signaling will be required to synchronize model state with the network.



Observation 7: User plane approaches will require additional CP signaling to synchronize the model state with the network.
Proposal 5: Add as an advantage to the control plane solutions that the UE and network can be synchronized in the control plane as the part of an integrated transfer/delivery procedure and add as a limitation to the user plane solutions that additional CP signaling will be required to synchronize model state with the network.
2.3 Model transfer/delivery associated information
The associated information along with model ID would be beneficial as this would allow mapping UE with an ML enabled feature, as an example.
Proposal 6: As part of an AIML model transfer/delivery procedure, whether it is based on the control plane or the user plane, at least the model ID should be transmitted alongside the AIML model.
3	Conclusion
In this contribution we have assessed the AIML transfer/delivery methods that are expected to be applicable to the study from a RAN2 perspective and their expected or potential architecture.
Based on the discussion, the following observations are made:
Observation 1: The main drawback of CP-based model delivery is its data volume limitation.
Observation 2: The main drawback of UP-based model delivery is its lack of a native control mechanism.
Observation 3: An application layer control mechanism for an UP-based AIML model transfer/delivery would require a connection and security establishment procedure between the UE app and gNodeB app.
Observation 4: A CP-controlled UP-based AIML model transfer/delivery would use the existing authentication and PDU session establishment procedures, and preexisting data transfer protocols could facilitate the transfer.
Observation 5: The model storage location can be implementation specific if the network entity transferring/delivering the model has access to the model storage location or if the UE has access to the model storage location.
Observation 6: Delta signalling for RRC ASN.1 can only be discussed when RRC ASN.1 structure is known.
Observation 7: User plane approaches will require additional CP signaling to synchronize the model state with the network.
Based on the discussion, the following proposals are made:
Proposal 1: Study the control mechanism for each of the AIML model transfer/delivery options that use the UP.
Proposal 2: RAN2 will not enforce a location of model storage.
Proposal 3: Postpone discussion on delta signaling and consider full model transfer for this study.
Proposal 4: Compare model transfer/delivery more broadly in terms of control plane vs. user plane vs. non-3GPP user plane solutions, and then separately consider RAN, CN, and LMF differences.
Proposal 5: Add as an advantage to the control plane solutions that the UE and network can be synchronized in the control plane as the part of an integrated transfer/delivery procedure and add as a limitation to the user plane solutions that additional CP signaling will be required to synchronize model state with the network.
Proposal 6: As part of an AIML model transfer/delivery procedure, whether it is based on the control plane or the user plane, at least the model ID should be transmitted alongside the AIML model.
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