[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _GoBack][bookmark: OLE_LINK198][bookmark: OLE_LINK199]3GPP TSG-RAN WG2 Meeting #124          	          R2-2313147
Chicago, USA, 13 – 17 November 2023

Agenda Item:	7.16.2.3
Source: 	Huawei, HiSilicon
Title: 	Discussion on AIML control and LCM other
Document for:	Discussion and decision
Introduction
In this paper, we focus on AIML model transfer/delivery, control and functionality-based LCM.
Discussion 
Model transfer/delivery
At RAN2#121 meeting, RAN2 agreed the following:
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).

Then in the last RAN2#123b meeting, an email discussion for model transfer/delivery was agreed. In this paper, we shall discuss the issues in the email discussion and provide our technical analyses.
Discussions in RAN1
In RAN1 discussion, two kinds of model format used for model transfer/delivery are assumed, as the follows.
	Proprietary-format models
	ML models of vendor-/device-specific proprietary format, from 3GPP perspective
NOTE: An example is a device-specific binary executable format

	Open-format models
	ML models of specified format that are mutually recognizable across vendors and allow interoperability, from 3GPP perspective



Besides, RAN1 has also agreed the following cases for model transfer/delivery for both UE-side models and UE-part of two-sided models.
	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
	3GPP Network
	NW-side

	z5
	model transfer in open format of an unknown model structure at UE
	3GPP Network
	NW-side



In general, RAN1 focuses on the model format during transfer/delivery, which is out of RAN2 scope. On the other hand, RAN2 pay more attention on the RAN specification impacts from candidate solutions.
Since there is only one meeting left for this study item, it is suggested to separate RAN2 discussions from RAN1 discussions, otherwise, we would need more co-ordinations between RAN1 and RAN2.
Proposal 1: RAN2 can have separate discussions on model transfer/delivery from RAN1.

What can be achieved for RAN2
After several RAN2 meetings, the candidate solutions for model transfer/delivery are basically decided. For each solution, RAN2 has concluded pros and cons. However, until now, the implementation details of each solution are still not clear, which are foreseeable to be discussed in the normative work. Without the clear solution details, the pros and cons would be hard to be decided. 
Observation 1: The pros/cons of solutions are relevant to solution details (including possible enhancements), which have not been efficiently discussed until now.

The solution implementation details rely on more input from RAN1. For example, the typical model size, the transfer/delivery latency requirement, which are not decided yet. Therefore, for the rest RAN2 meetings, we think RAN2 should focus on the high-level principles of RAN specification impacts. For pros/cons/solution details, we think the workload of figuring out them is quite high, and we do not see any convergence in the current discussion.
Proposal 2: RAN2 should focus on RAN specification impacts.

Evaluation metrics
As concluded in long email discussion, the following 8 evaluation metrics are discussed.
A1. Large, no upper limit model size (mentioned in Solution 1a, Solution 2a and 3a, Solution 1b, Solution 4) 
A2. Security and integrity (mentioned in Solution 1a) 
A3. Latency requirement, e.g. critical, relax, no latency requirement (mentioned in Solution 2a)
A4. Model transfer/delivery continuity (i.e. resume transmission of model (segments) across gNBs) (mentioned in Solution 1a, Solution 2a, Solution 1b)
A5. NW controllability (e.g. model management decision at gNB) (mentioned in Solution 1a, Solution 2a)
A6. Partial model update (e.g. delta configuration) (mentioned in Solution 1a, Solution 2b and 3b)
A7. Flexible model transfer/delivery QoS (mentioned in Solution 1b, Solution 2b and 3b, Solution 4)
A8. Interoperability (e.g. No/minor need for offline coordination among vendors) (mentioned in Solution 4)
For A1, we think the model size is important in analysing CP based solutions. Even using segment mechanism, the maximum size of DL RRC signalling is 45k Bytes and thus some models with large size cannot be transferred via CP based solutions. Currently, RAN1 has not decided the typical model size for each case yet, and it is foreseeable to discuss the specification impacts by supporting transfer model with size exceeding the 45k Bytes limit.
For A2, no matter whether CP or UP based solution is chosen, the security and integrity are already legacy supported. As for solution 4a, it is out of RAN2 scope. Therefore, there is no need to discuss A2.
Observation 2: Both CP and UP based solutions can support security and integrity.

For A3 and A7, these two aspects can be merged, as they are both about QoS impacts. For CP based solution, if new SRB are introduced, we should consider the scheduling priority and for UP based solution, how to achieve the QoS requirements are based on implementation.
For A4, in solution 1a and 1b, since the model is transferred/delivered from a specific gNB, RAN2 should study how to ensure continuity if UE selects to other gNBs. As for solution 2a, it can naturally support continuity with in AMF coverage area.
For A5, we think in all the solutions, it is the NW side to manage the model LCM. However for solution 4a, the model transfer/delivery is transparent to 3GPP NW side, there is a necessity to inform the NW side about the model transfer/delivery progress from either OTT server or UE.
For A6, we should first figure out what is partial model update. RAN1 has defined model update as the follow, where both structure/parameter update are discussed.
	Model Update: Retraining or fine tuning of an AI/ML model, via online/offline training, to improve the model inference performance.


But there are limited progresses in RAN1. Then in RAN2, the meaning of partial model update is unclear and what RAN2 should study is also unclear. In our perspective, before there is a clear definition of partial model update, A6 is not supposed to be discussed.
Observation 3: There is no clear definition of partial model update and A6 should not be the evaluation metric for now.

For A8, we think it depends on the model delivery format and offline ways (implementation related).
Based on the above analyses, we give the following proposal.
Proposal 3: RAN2 to adopt the evaluation metrics for model transfer/delivery as the follows.
A1. Large, no upper limit model size
A2. Security and integrity
A3. Model transfer/delivery continuity
A4. NW controllability
A5. Flexible model transfer/delivery QoS
A6. Interoperability

RAN spec impacts for each solution
Based on the latest agreements for the candidate solutions, we list the general impact of each solution as the follow.
Table 1: RAN specification impacts for model transfer/delivery solutions
	Candidate solutions
	RAN specification impacts

	1a
	Enhancements to RRC segmentation mechanism, e.g. extension of the number of RRC segments.
Potential introduction of new SRBs.
Support HO and RLF scenarios.
Potential impact on SRB priority based on the QoS requirements.

	1b
	Support direct UP data transmission between gNB and UE.
Support HO and RLF scenarios.
Potential impact on DRB priority based on the QoS requirements.

	2a/3a
	Potential introduction of new SRBs.
Enhancements to RRC segmentation mechanism.
Potential impact on SRB priority based on the QoS requirements.

	2b/3b
	Support management and model transfer interaction between CN and gNB.
Potential impact on DRB priority based on the QoS requirements.

	4a
	No direct RAN specification impacts.

	4b
	In the same to impacts of 2a/3a, if the model transmission path is over CP for RAN.
In the same to impacts of 2b/3b, if the model transmission path is over UP for RAN.



Proposal 4: RAN2 to adopt Table 1 for RAN specification impacts of each solution.

Analyses for reactive/proactive model transfer/delivery
At RAN2#123 meeting, RAN2 made the following agreements:
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.

For reactive model transfer/delivery, RAN2 has not discussed anything about the typical latency requirement, which is important for us to understand how this option works. Instead, in the reply LS on data collection requirements from RAN1, the latency requirements are concluded as below:
	· Relaxed (e.g., minutes, hours, days, or no latency requirement)
· Near-real-time (e.g., several tens of msecs to a few seconds)
· Time-critical (e.g., a few msecs)



If the latency requirement is relaxed, it means that the network (3GPP network, or OTT server) can transfer model(s) to UE in a relaxed way, which should not have extra impacts on top of model transfer/delivery solutions. However, if the latency requirement is time-critical, it means that UE shall get model(s) in a given period from the network. Obviously, it consumes some network resources, e.g. request/response, considering model size, network overloading status and etc.
In general, we think the reactive model transfer/delivery has some ambiguities, and we are not clear how it works. In other words, with the current wording, we have no idea what possible RAN specification impacts will be due to the reactive model transfer/delivery.

For proactive model transfer/delivery, we think it can be done in a relaxed way, and thus there should be no extra impacts on top of model transfer/delivery solutions. For model control (including model switching), RAN1 is discussing details, and thus we can leave this part to RAN1.
Proposal 5: The requirement for reactive model transfer/delivery is unclear (e.g. latency requirement), and RAN2 should clarify it, otherwise, the RAN specification impacts are unclear. For proactive model transfer/delivery, it can be done in a relaxed way, and thus there should be no extra impacts on top of model transfer/delivery solutions.

Model transfer/delivery in uplink
At RAN2#121 meeting, the report [5] was discussed. For model transfer/delivery in downlink and uplink, the summary is listed as below:
	Summary:
20/23 companies prefer option 1. Some companies think that the main difference between DL and UL is signalling parts, and some evaluations can be common for both DL and UL.
2 companies prefer option 2, the concerns are:
· If only downlink is considered, we may end up with a solution doesn’t support uplink
· From procedure and signaling point of view, model download and model upload should share as much commonality as possible. We are OK to discuss model download just as an example. But the conclusion should be considered as applicable to model upload unless the exceptional case is mentiond.

Proposal 5: RAN2 can start with discussing model transfer/delivery in Downlink first, and then can discuss model transfer/delivery in Uplink later. The analysis/conclusions for Downlink can be applicable to Uplink unless the exceptional case is mentioned.



Until now, there are no much discussions on model transfer/delivery in uplink. In the report of function mapping [6], only one use case may need model transfer/delivery in uplink (for CSI compression with two-sided model):
	
	AL/ML functions (if applicable)
	Mapped entities

	a)
	Model training(offline training)
	gNB, OAM, OTT server, UE, [FFS: CN]

	b)
	Model transfer/delivery
	For training Type 1: gNB->UE, or OAM->gNB&UE, or OTT server->gNB&UE, or UE->gNB, [FFS: CN->gNB&UE]
For training Type 3: 
· For UE part of two-sided model: OTT server->UE, [FFS: CN->UE]; 
· For NW part of two-sided model: OAM->gNB, [FFS: CN->gNB]; 



In summary, we think that model transfer/delivery in uplink can be analysed in RAN2, and solution 1a/1b can be considered. The analysis/conclusions for Downlink can be applicable to Uplink unless the exceptional case is mentioned.
Proposal 6: Model transfer/delivery in uplink may be used only for CSI compression with two-sided model, and the analysis/conclusions for solution 1a/1b can be applicable to uplink unless the exceptional case is mentioned.

Monitoring and Control
Based on the latest TR 38.843 [5], we observe that RAN1 has made some progress on monitoring and control (per use case). For example, for CSI prediction using UE side model use case, section 5 shows the RAN1 progress on monitoring and control. In general, we think RAN1 discussions are sufficient, and there may be some signalling impacts for RAN2, but they are more about signalling details (e.g. RRC configuration, reporting). So we think monitoring and control part can be left to RAN1.
Observation 4: For monitoring and control for AIML use cases, it can be left to RAN1 discussions and conclusions.

Conclusion
In this paper, we discuss control and other LCM. We have the following observations and proposals:
Observation 1: The pros/cons of solutions are relevant to solution details (including possible enhancements), which have not been efficiently discussed until now.
Observation 2: Both CP and UP based solutions can support security and integrity.
Observation 3: There is no clear definition of partial model update and A6 should not be the evaluation metric for now.
Observation 4: For monitoring and control for AIML use cases, it can be left to RAN1 discussions and conclusions.

Proposal 1: RAN2 can have separate discussions on model transfer/delivery from RAN1.
Proposal 2: RAN2 should focus on RAN specification impacts.
Proposal 3: RAN2 to adopt the evaluation metrics for model transfer/delivery as the follows.
A1. Large, no upper limit model size
A2. Security and integrity
A3. Model transfer/delivery continuity
A4. NW controllability
A5. Flexible model transfer/delivery QoS
A6. Interoperability

Proposal 4: RAN2 to adopt Table 1 for RAN specification impacts of each solution.
Proposal 5: The requirement for reactive model transfer/delivery is unclear (e.g. latency requirement), and RAN2 should clarify it, otherwise, the RAN specification impacts are unclear. For proactive model transfer/delivery, it can be done in a relaxed way, and thus there should be no extra impacts on top of model transfer/delivery solutions.
Proposal 6: Model transfer/delivery in uplink may be used only for CSI compression with two-sided model, and the analysis/conclusions for solution 1a/1b can be applicable to uplink unless the exceptional case is mentioned.

For proposal 2, 3, 4, 5 and 6, we have prepared Text Proposals in section 6.
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Monitoring & Control part in TR 38.843 v1.0.0 (RP-231766)
5.1	CSI feedback enhancement
For CSI prediction using UE side model use case, at least the following aspects have been proposed by companies on performance monitoring for functionality-based LCM: 
· Type 1: 
· UE calculate the performance metric(s) 
· UE reports performance monitoring output that facilitates functionality fallback decision at the network
· Performance monitoring output details can be further defined 
· NW may configure threshold criterion to facilitate UE side performance monitoring (if needed). 
· NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting). 
· Type 2: 
· UE reports predicted CSI and/or the corresponding ground truth  
· NW calculates the performance metrics. 
· NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting).
· Type 3: 
· UE calculate the performance metric(s) 
· UE report performance metric(s) to the NW
· NW makes decision(s) of functionality fallback operation (fallback mechanism to legacy CSI reporting). 
· Functionality selection/activation/ deactivation/switching what is defined for other UE side use cases can be reused, if applicable. 
· Configuration and procedure for performance monitoring 
· CSI-RS configuration for performance monitoring
· Performance metric including at least intermediate KPI (e.g., NMSE or SGCS)
· UE report, including periodic/semi-persistent/aperiodic reporting, and event driven report.
· Note: down selection is not precluded.
· Note: UE may make decision within the same functionality on model selection, activation, deactivation, switching operation transparent to the NW. 

Text Proposals
This TP is based on “R2-23XXXXX - R2 Input to TR 38.843 _v0 Ericsson (Rapp).docx”, which can be found in the folder below:
https://www.3gpp.org/ftp/Email_Discussions/RAN2/%5BRAN2%23123bis%5D/%5BPOST123bis%5D%5B017%5D%5BAIML%5D%20TP%20update%20(Ericsson)

7.3.1.3	Model Transfer/Delivery
Editor’s note (RAN2): Further discussion is needed in RAN2 to update, complete, and conclude on the content of this clause.
To analyse the feasibility and benefits of AI/ML model transfer/delivery, the following solutions are considered:
· 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 4a: OTT server can transfer/deliver AI/ML model(s) to UE (e.g., transparent to 3GPP).

· Solution 4b: OAM can transfer/deliver AI/ML model(s) to UE.
The solutions map to use cases according to what is depicted in Table 7.3.1.3-1.
Table 7.3.1.3-1 Relations between model transfer/delivery solutions and use cases
	Solutions
	Applicable use cases

	Solution 1a, 1b
	CSI feedback enhancement
Beam management
Note: No specific considerations for Positioning accuracy enhancement for Solution 1a and 1b.

	Solution 2a, 2b
	CSI feedback enhancement
Beam management
Note: No specific considerations for Positioning accuracy enhancement for Solution 2a and 2b.

	Solution 3a, 3b
	Positioning accuracy enhancement

	Solution 4a, 4b
	CSI feedback enhancement
Beam management
Positioning accuracy enhancement



Irrespective of the solution adopted, the initiation of model transfer/delivery can occur through a reactive approach, where an AI/ML model is transferred/delivered (i.e., downloaded) to the UE when needed. This could typically happen due to changes in scenarios, configurations, sites, etc. 
Editor’s note (RAN2): It is FFS in RAN2 whether to also consider a proactive model transfer/delivery approach.

In RAN2, the following evaluation metrics are used for evaluating/comparing model transfer/delivery solutions:
A1. Large, no upper limit model size
A2. Security and integrity
A3. Model transfer/delivery continuity
A4. NW controllability
A5. Flexible model transfer/delivery QoS
A6. Interoperability

The identified RAN specification impacts are summarized in the table below.
	Candidate solutions
	RAN specification impacts

	1a
	Enhancements to RRC segmentation mechanism, e.g. extension of the number of RRC segments.
Potential introduction of new SRBs.
Support HO and RLF scenarios.
Potential impact on SRB priority based on the QoS requirements.

	1b
	Support direct UP data transmission between gNB and UE.
Support HO and RLF scenarios.
Potential impact on DRB priority based on the QoS requirements.

	2a/3a
	Potential introduction of new SRBs.
Enhancements to RRC segmentation mechanism.
Potential impact on SRB priority based on the QoS requirements.

	2b/3b
	Support management and model transfer interaction between CN and gNB.
Potential impact on DRB priority based on the QoS requirements.

	4a
	No direct RAN specification impacts.

	4b
	In the same to impacts of 2a/3a, if the model transmission path is over CP for RAN.
In the same to impacts of 2b/3b, if the model transmission path is over UP for RAN.


Note: Model transfer/delivery in uplink may be used only for CSI compression with two-sided model, and the analysis/conclusions for solution 1a/1b can be applicable to uplink unless the exceptional case is mentioned.
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