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This is a report of the following offline discussion:
[AT133][010][6G AI] Use cases (InterDigital)
	Intended outcome: discuss remaining use cases, RLF, CHO, TA prediction, and what to capture for plenary input
	Deadline:  Thursday
In RAN2#133, RAN2 has discussed AIML use cases. The following was agreed in the first session:
Agreements on AI/ML use cases
1	The following use cases concluded feasible in 5G-A study are considered also feasible from RAN2 point of view and beneficial in 6G. No need to repeat simulation. RAN2 can directly study the potential solutions.
-	temporal domain cell level prediction (including case A and case B)
-	frequency(co-located) domain cell level RRM prediction
-	Measurement Event prediction (A1-A6)
-	L3 beam level prediction (limited only to what was studied in RAN2) NOTE: can revisit if we decised to support L3 beam level if something additional needs to be evaluated studied.   

2	Starting point – RAN2 will support at least the cases supported in Rel-20 AI Mobility from 5G.  The mechanisms will be adapted to fit the 6G framework for mobility.     

3	RRM measurement prediction and mobility event prediction as use cases to be studied as soon as the L1, L3 measurement and mobility framework design for 6G becomes clearer.
4	Evaluations should focus on the motivation and potential performance gains of introducing AI/ML for the new use cases.  Complexity evaluation may depend on use cases and ability to be evaluated.  
· Desire to study AI assisted Lower layer Mobility.    To study AI lower layer mobility, at least the following evaluation needs to be done temporal and frequency domain L1 measurements and L1 event prediction.   RAN2 can do these two evaluations (if needed).  Discuss in plenary how to coordinate the work.  Whether we will have Lower layer mobility depends on 6G mobility framework discussion.     
· TA prediction FFS

Agreements 
-	Study UL traffic prediction.   UL traffic prediction can be non-AI or AI based.   Study what can be predicted and the benefits.  Study what network needs to have some level of confidence in the prediction.    Continue the discussion in UP.   

This report comprises the remaining discussion on use cases, RLF, CHO, TA prediction, and what to capture.
AIML Use cases
L1/L3 measurement and event prediction
R2-2600378	Discussion on 6G AI Mobility Use Cases 	MediaTek Inc.	discussion	Rel-20
Proposal 2: RAN2 study RRM measurement prediction for non-co-located scenarios in 6G, including but not limited to: 
• Non-co-located inter-frequency inter-cell prediction.
• Non-co-located inter-frequency intra-cell prediction with different beam patterns..

Discussion
· OPPO has interest, but wants to clarify whether it is for NW side model vs. UE-side model. MTK clarifies it is for both
· Samsing is okay for first bullet, but is unsure about second bullet. MTK clarifies that the key difference is that it is different beam patterns. Samsung thinks we should update the wording
· vivo thinks that most work should focus on non-collocated since we need to do simulations.
· Qualcomm and Xiaomi is unsure of performance gain for non-collocated inter-frequency prediction, and RAN4 is discussion.
· Ericsson is also interested in non-collocated, but is unsure of the difference between the two scenarios. Huawei clarifies that the difference is co-located with different beam patterns
· Nokia also sees benefit, but from deployment scenario thinks this is second priority to colocated
· Xiaomi thinks that this can be supported by RAN2 without much spec impact base don Rel-20 work, and can wait for RAN4.
· Huawei is also interested and can study. Whether it is done in RAN2/4 can be further discussed and coordinated in RAN plenary.
· ZTE is fine to consider both, but want to prioritize NW-sided model. The level of co-location is unclear, and if RAN4 is already evaluating we can wait. Samsung agrees, and that it should be area specific. MTK disagrees, and that UE will still have the capability for prediction, but with some error.
· OPPO: From RAN4 side, it was agreed non-collocated prediction will be considered in RAN4. Can merge into L3 inter-frequency inter-cell can be studied.
· vivo thinks there is no big issues, and let RAN4 do the simulation, and let RAN2 wait.


R2-2600887	On AI/ML use cases and enablers	Nokia	discussion	Rel-20	FS_6G_Radio
Proposal 5: Consider the following AI mobility use cases in the 6G SI: RRM Measurement prediction; Measurement event prediction; Spatial domain RRM measurement prediction; and L3 beam prediction.
		
Discussion
· Qualcomm is okay in general, but would like to also add a qualifier that RAN4 is also working on this similar to above
· Xiaomi would like to clarify that spatial is for both L1/L3 beam level prediction.
· Huawei asks if any simulations are needed? RAN1 is doing simulation work for at least L1 beams, and we can reuse this. Nokia clarifies that any additional simulation work would be minimal and can reuse the framework from past simulations.
· Ericsson is okay. Huawei is also okay, but clarifies that the note should include that this simulation needs to be coordinated with RAN1/RAN4. 


LTM/CHO
R2-2600953	Discussion on potential AIML use cases in 6G	CMCC	discussion	Rel-20	FS_6G_Radio
Proposal 5: RAN2 is proposed to study AI/ML based pre-configured mobility prediction, e.g. CHO/CLTM prediction in 6G. The Table 4 can be considered as starting point.

Discussion
· CATT thinks that CHO can be covered by the existing measurement event prediction. Xiaomi and LG, vivo agrees. For CLTM, this can be considered as a second step after LTM.
· Qualcomm agrees, but it is an “objective” of existing use cases.
· MTK notes that there are lots of commonalities between LTM and CHO, and similarly we don’t know wat the final design is so we may need to wait.
· ZTE wonders what the usefulness is, and what the spec impact is. LG explains that from UE perspective, it improves mobility stability. OPPO thinks from NW perspective it is beneficial by reducing the time NW must reserve NW resources. InterDigital clarifies that this is more about event prediction than CHO. Ericsson agrees, and that NW can already do this with event prediction, and that a bad prediction can trigger early execution which can be bad. Vivo notes that this will improve reliability, and that this will also help NW. CATT shares the view.
· Qualcomm wants to clarify whether we support conditional event prediction, and whether event prediction also includes other events introduced. Nokia agrees, and Huawei agrees.


	
Failure prediction (RLF/HOF/BFD)
R2-2600756	Consideration on 6G AIML use cases	Lenovo	discussion	Rel-20
Proposal 3: RAN2 resumes the study on RLF prediction based on the progress in 5GA Rel19 AI for mobility study. The input can be at least measured/predicted L1 SINR of the PCell.

R2-2600195	AIML use cases in 6G	CATT	discussion	Rel-20	FS_6G_Radio
Proposal 2: It is recommended to perform the 6G AI/ML use case studies as below:
-	For 5G legacy use cases, reuse the evaluation results of Rel-19 RRM measurement prediction and measurement event prediction until the 6G RRM mechanisms are defined. RLF prediction study is excluded for now;

Discussion
· Qualcomm notes that the main concern is with the simulation, which is very complex. They want this but also exclude simulations.
· Samsung clarifies that the basic assumption for study item is reuse the existing framework, and for RLF this can not currently be supported. And that we need to know how to collect the data.
· Xiaomi notes that we have already decided simulation assumptions, and that we have not included this because of workload. The benefit is that RLF is a drastic case, and if it can be avoided that would be good. MTK agrees, and that there are ways to gather data for this case. Vivo agrees, and that this is simply an extension of event prediction.
· Tmobile thinks that RLF prediction is a huge benefit to the network if it works. Verizon agrees.
· Interdigital notes that RLF prediction is hard because it also relates to traffic. From use case point of view recovery is more interesting that RLF detection. Huawei agrees, and that simulations are needed to justify this.
· Lenovo thinks that there is benefit and simulations can be the next step.
· ZTE questions the benefit of this, and agrees that the benefit is likely do to the recovery aspects or which cells could be used to save the UE.

TA prediction
R2-2600085	Discussion on 6GR AIML use cases and framework	vivo	discussion	Rel-20
Proposal 4: Study the AI/ML based TA prediction in 6G. The predicted TA values can be leveraged to minimize the reliance on RACH-based synchronization across all RRC states (e.g., RACH-less handover, STAG TA establishment, CG-SDT).

Discussion:
· Qualcomm has concerns with UE doing the TA prediction because there is uncertainty about the synchronization between cells. OPPO notes that the synchronization is needed, but can use DL measurement result regardless of the cell. Huawei notes that based on simulations the accuracy was quite good with 
· Ericsson wonders what the benefit of this is, and thinks that it is very hard. Interdigital notes that in LTM there is already UE TA-based calculation/measurement, so this is already somewhat supported.
· OPPO supports the proposal. Huawei supports as well, and thinks we can save some signalling overhead in the RACH procedure.
· Samsung has doubts, especially from the UE-side model. If there is no synchronization, then area-specific training is needed, which means it should be NW-sided model.
· Xiaomi notes that this can already be done in NW-side, and we don’t need to extend. CATT responds that this is only for CONN but can extend to other states like IDLE/INACTIVE.
· CATT supports, Nokia supports, LG supports, ZTE also supports, and can provide additional assistance information to support cases with lack of synchronization.
· Lenovo doesn’t support.
· CMCC supports for both UE-side model and NW-side model.
· MTK also has concerns, and thinks that the existing scenarios are limited and simple. AI approach/implementation will be very complicated. Spreadtrum agrees.


Traffic prediction
R2-2600807	AI ML use cases	Ericsson	discussion	Rel-20	FS_6G_Radio
Proposal 2: Study support for traffic predictions in 6G. The following use cases are included:
•	Setting up/releasing/activating/deactivating carrier aggregation.
•	State transitions, e.g. transfer from RRC_IDLE/RRC_INACTIVE to RRC_CONNECTED or vice versa or to/from battery saving mode.
•	Mobility decision for load balancing purposes.

Discussion:
· Ericsson clarifies that the proposal is that the UE sends information regarding peak traffic and duration of traffic, which is longer-term. The input/output will also be different.
· LG supports the first two bullets, but has a question on the third bullet. MTK agrees.
· Vivo would like to add CA activation, and that we could add UE-side model, and that this also applies for DL. MTK agrees. ZTE agrees.
· Xiaomi agrees with the use case, but would like to talk about the general scenario. 
· TMobile agrees. Qualcomm agrees.
· Huawei notes that for both UL and DL this could be done by implementation, or could reuse the same framework as BSR, which should be the starting point.
· Nokia does not understand the use case, and is unsure that this needs to be fully implemented via AI or other non-AI methods. Huawei agrees. MTK agrees that this may not be AI, but predictions are easier to achieve, but it is not necessarily AI.



Summary
For each identified use case, the following is required: 
· Use case and description. Identification of sub-cases as well.
· Observations on benefits and/or gain (if available) /complexity/standardization effort required
· Impacted working groups - work required by other WGs to complete the study
· Priority (1/2)
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	1/1	
	Use case
	Sub use case
	Description /motivation
	Benefits/ gain
	FFS Complexity 
	Impacted WG(s)
	RAN2 Priority
	Other notes (e.g., simulations, AIML impact etc.)

	Measurement Prediction
	L3: Temporal domain prediction case A and case B.
	
	
	
	
	
	· Simulation is not needed

	
	L3: Frequency domain prediction for co-located
	
	
	
	
	
	· Simulation is not needed

	
	L1: Temporal and frequency domain prediction
	
	
	
	
	
	· Simulation is not needed

	
	L3: Beam-level prediction (spatial/temporal/frequency)
	
	
	
	RAN1
RAN4
	
	· Simulation is not needed for aspects considered in R19.
· Coordination with RAN1/RAN4 is needed (e.g., simulations, lead WG)

	
	L1: Intra/inter-cell spatial domain prediction
	
	
	
	RAN1
RAN4
	
	· Coordination with RAN1/RAN4 is needed (e.g., simulations, lead WG)

	
	L3: Non-co-located inter-frequency prediction (inter-cell prediction; co-sited prediction with different beam patterns/sectors)
	
	
	
	RAN4
	
	· RAN2 understands this is currently being worked on by RAN4 (e.g., they are doing the simulation). Coordination is needed to determine RAN2 scope.

	Measurement event prediction
	L3: Event prediction (A1-A6) 
	Supports conditional mobility
	
	
	
	
	· Simulation is not needed

	
	L1: Event prediction
	
	
	
	
	
	

	Traffic prediction
	UP: (SR/BSR prediction)
	
	
	
	
	
	· Applies to UL only
· Whether this is considered AIML use case or discussed elsewhere (UP session) is FFS

	
	CP:(Long term traffic prediction to support setting up/releasing/activating/deactivating CA; mobility state transition; mobility for load balancing)
	
	
	
	
	
	· Can apply to both UL and DL
· Whether this is considered AIML use case or discussed elsewhere (CP session) is FFS

	Other prediction aspects
	RLF prediction
	
	
	
	
	Second priority
	· Need for simulation is FFS

	
	TA prediction
	
	
	
	
	Second priority
	· Issues on synchronization, complexity, and use of UE-side vs. NW-side.
· Coordination may be needed with RAN1 (e.g., regarding simulations)



[bookmark: _Toc178176169]Conclusion 

	Agreements from offline (to be confirmed in online session):
1. There is a desire in RAN2 to study L3 measurement prediction for non-co-located scenarios in 6G, including e.g.: 
• Non-co-located inter-frequency inter-cell prediction.
• inter-frequency co-sited prediction with different beam patterns/sectors.
However RAN2 understands this is currently being worked on by RAN4 (e.g., they are doing the simulation). RAN2 scope (if needed) can wait for RAN plenary decision. This can be captured as a note in the table and coordinated at plenary. 
2. RAN2 Consider the following AI mobility use cases in the 6G SI: intra/inter cell L1 beam spatial domain prediction; and L3 beam spatial/temporal/frequency prediction. Coordination is needed with RAN1/RAN4 (e.g., regarding simulations, lead WG). This can be captured as a note in the table and coordinated at plenary.
3. RAN2 understands that conditional mobility can be a possible use case/motivation for AIML measurement event prediction. This will be captured in the table under the “motivation” section for L3/L1 event prediction. The table will include a note that whether we will have conditional depends on 6G mobility framework discussion.     
4. RAN2 includes RLF prediction/recovery in the AIML use case table. The need for simulations is FFS and can be discussed in plenary. This will be listed as second priority
5. Study the AI/ML based TA prediction in 6G. Issues on synchronization, complexity, and use of UE-side vs. NW-side model will be included in the notes. Coordination may be needed with RAN1 (e.g., regarding simulations). This will be listed as second priority
6. Study traffic predictions for CP in 6G. The following use cases are included:
• Setting up/releasing/activating/deactivating carrier aggregation.
• State transitions, e.g. transfer from RRC_IDLE/RRC_INACTIVE to RRC_CONNECTED or vice versa or to/from battery saving mode.
• Mobility decision for load balancing purposes.
Traffic prediction for this case can be non-AI or AI based and can apply to both UL and DL. Can continue the discussion in CP.   




