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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk53665621]At the RAN#101 meeting, the potential scopes of AI/ML for Mobility were summarized as follows in [1]:
	For mobility under connected mode, the potential scopes/directions of the study item include:
· Type of mobility
· L3-based mobility and L1/L2-triggered mobility (LTM) are both considered
· HO optimization in Network side [/UE side], including 
· Candidate/target cell prediction in L3-based mobility, or, candidate/target beam(s) and cell(s) prediction in LTM
· RRM measurement and event prediction, including
· Beam-level measurement prediction
· Cell-level measurement prediction, e.g., using intra-frequency measurement results to forecast the RRM measurement of inter-frequency/inter-RAT cells
· HO failure/RLF prediction
· Measurement events prediction
· LCM framework and others
· The conclusions in Rel-18 AI/ML study should be used as baseline
· Other impacts are further studied
· [UE RRM enhancement, RAN4] 
· Note 1: no intention to change the existing framework for the mobility under connected mode
· Note 2: In the SID, target performance metrics and impacts should be clarified
· Note 3: Avoid overlap work with RAN3


This contribution provides further clarification and considerations on the SI objectives.
2. Discussion
[bookmark: _Hlk118277603]RRC state and mobility type
As to the AI for NG-RAN, both standalone and DC (EN-DC and MR-DC) were considered at the beginning of the SI phase, while only the standalone mode was concluded and specified in Rel-18, besides, the prediction in DC mode is expected to be similar to that in SA mode, and the difference is the interaction between network entities.
Therefore, we propose:
Proposal 1: For the operation mode, focus on standalone mode during the SI phase, i.e., DC is not in the SI scope.
Regarding the RRC state of mobility, we suppose there is a consensus on the HO in RRC_CONNECTED as part of the SI. In addition, the Cell Reselection in the RRC_INACTIVE/IDLE can also be considered, e.g., reselecting to a suitable cell to meet upcoming service requirements. Specifically, if the UE reselects to an unsuitable cell and is triggered to set up a connection with the camping cell, it may need to be HO or redirected to another suitable cell, which would impact user experience.
Proposal 2: For the RRC state of mobility, in addition to HO in RRC_CONNECTED, Cell Reselection in RRC_INACTIVE/IDLE can also be considered.
The current potential scope of L3-based mobility is not clear, i.e., whether both legacy HO in Rel-15 and Conditional HO are included. From our understanding, conditional HO-specific solution is foreseen during potential impact analysis. 
Therefore, we propose:
Proposal 3: For the mechanisms of mobility, further clarify that Conditional HO is also included in L3-based mobility.
Model sidedness
In Rel-17&18, Mobility Optimization is one use case in AI for NG-RAN led by RAN3. The model inference is located in gNB only, and some information from UE (e.g., measurement, UE history information) is required as the input of AI/ML model, which will result in massive signaling overhead and user privacy concerns.
For the AI/ML for mobility in air interface, UE-side model should be the baseline to reduce signaling overhead, e.g.; based on RRM condition/prediction UE can assess HO condition without reporting to NW. If NW-side model is to be included in the scope, overlap with RAN3 should be avoided. 
During the initial evaluation (attached in Annex B), we found out that data from NW and UE are essential to ensure AI/ML performance. The data from NW includes the location and beam configuration of NG-RAN node. If operators or NW vendors have concerns about the exposure of information to UE for UE-side model, two-sided model can also be considered.
Proposal 4: For model sidedness of inference, UE-side model should be the baseline, NW-side model should avoid overlap with AI for NG-RAN in RAN3, and two-sided model can also be considered.

Sub-use cases and selection
For the use cases in the current potential scope, the following two bullets can be merged as RRM measurement and event prediction can also be utilized for HO optimization and decision.
	· HO optimization in Network side [/UE side], including 
· Candidate/target cell prediction in L3-based mobility, or, candidate/target beam(s) and cell(s) prediction in LTM
· RRM measurement and event prediction, including
· Beam-level measurement prediction
· Cell-level measurement prediction, e.g., using intra-frequency measurement results to forecast the RRM measurement of inter-frequency/inter-RAT cells
· HO failure/RLF prediction
· Measurement events prediction


For sub-bullet 1, in addition to the target cell/beam prediction, the associated HO timing should also be considered.
Sub-bullets 2 and 3 can be merged and the beam prediction in AI/ML for air can be taken as a reference. In AI/ML for air, both spatial and temporal domain Downlink beam prediction are selected as representative sub-use cases. Therefore, we propose that the beam-/cell- level prediction in this SI should include temporal/spatial/frequency domain.
For sub-bullet 4, more unintended events should be considered, e.g., too-early HO, too-late HO, HO to wrong cell.
Based on the above, we propose:
Proposal 5: Potential sub-use cases to be considered:
-	Candidate/target cell prediction in L3-based mobility, or candidate/target beam(s) and cell(s) prediction in LTM, and considering the associated HO timing prediction;
-	Cell-level/beam-level RRM measurement (i.e., RSRP/RSRQ/SINR) prediction of serving/neighbor cells in the temporal/spatial/frequency domain;
-	Unintended events prediction, e.g., HOF, RLF, too-early HO, too-late HO, HO to wrong cell;
-	Measurement events prediction, e.g., event A3.
For the above sub-use cases, whether to specify all or part of them should be studied. From our understanding, performance evaluation may be useful for sub-use case down-selection. As the leading group, RAN2 should be responsible for performance evaluation. RAN1 and RAN4 can also be involded, e.g., simulation assumption, KPI metric decision, if necessary.
Proposal 6: RAN2 performance evaluation of sub-use case should be included in the SID. RAN1 and RAN4 involvement in the performance evaluation can be triggered by RAN2, if needed.
The baseline TU allocation of related WGs for this SI is illustrated in Table 2-1. It is observed that RAN1 and RAN4 will start the study in Q3 of 2024. To avoid unnecessary discussion in RAN1/RAN4, RAN2 can consider down-selection (if any) of promising sub-use case(s) based on initial performance evaluations in Q2 of 2024, i.e., before RAN#104 (Jun. 2024)
Table 2-1 TU allocation of related WGs
	WGs
	TU/Quarter

	
	Q2’ 2024
	Q3’ 2024
	Q4’ 2024
	Q1’ 2025
	Q2’ 2025
	Q3’ 2025

	RAN2
	3
	2
	4
	2
	4
	2

	RAN1
	/
	0.5
	1
	0.5
	1
	/

	RAN3
	/
	/
	1
	0.5
	1
	0.5

	RAN4
	/
	0.5
	1
	0.5
	1
	0.5


Proposal 7: Down-select promising sub-use case(s) based on initial performance evaluations can be assessed by RAN#104 (Jun. 2024). Subsequent study of other WGs (e.g., RAN1, RAN4)can be started based on the down-selected sub-use cases.
Based on the above analysis, the draft objectives of the SI are proposed in the Annex.
Proposal 8: The objectives of SID in Annex A can be considered as a baseline.
3. Conclusion
Proposal 1: For the operation mode, focus on standalone mode during the SI phase, i.e., DC is not in the SI scope.
Proposal 2: For the RRC state of mobility, in addition to HO in RRC_CONNECTED, Cell Reselection in RRC_INACTIVE/IDLE can also be considered.
Proposal 3: For the mechanisms of mobility, further clarify that Conditional HO is also included in L3-based mobility.
Proposal 4: For model sidedness of inference, UE-side model should be the baseline, NW-side model should avoid overlap with AI for NG-RAN in RAN3, and two-sided model can also be considered.
Proposal 5: Potential sub-use cases to be considered:
-	Candidate/target cell prediction in L3-based mobility, or candidate/target beam(s) and cell(s) prediction in LTM, and considering the associated HO timing prediction;
-	Cell-level/beam-level RRM measurement (i.e., RSRP/RSRQ/SINR) prediction of serving/neighbor cells in the temporal/spatial/frequency domain;
-	Unintended events prediction, e.g., HOF, RLF, too-early HO, too-late HO, HO to wrong cell;
-	Measurement events prediction, e.g., event A3.
Proposal 6: RAN2 performance evaluation of sub-use case should be included in the SID. RAN1 and RAN4 involvement in the performance evaluation can be triggered by RAN2, if needed.
Proposal 7: Down-select promising sub-use case(s) based on initial performance evaluations can be assessed by RAN#104 (Jun. 2024). Subsequent study of other WGs (e.g., RAN1, RAN4)can be started based on the down-selected sub-use cases.
Proposal 8: The objectives of SID in Annex A can be considered as a baseline.
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5. Annex
Annex A: Draft objectives of SID
Study solutions for AI/ML-based mobility optimization considering the following:
· Type of mobility: L3-based (legacy HO and CHO) and L1/L2-based (LTM) mobility in RRC_CONNECTED, [Cell Reselection in RRC_INACTIVE/IDLE can be 2nd priority].
· Type of model:
· UE-side model (baseline), NW-side model and two sided model
· NW-side model should avoid overlap with AI for NG-RAN in RAN3;
· Study and finalize the sub-use cases based on the performance evaluation of AI/ML based algorithms [RAN2, RAN1, RAN4]
· Consider the following potential sub-use cases (To be down-selected at RAN#104):
· HO optimization based on candidate/target cell prediction in L3-based mobility, or candidate/target beam(s) and cell(s) prediction in LTM, and considering the associated HO timing prediction;
· Cell-level/beam-level RRM measurement (i.e., RSRP/RSRQ/SINR) prediction of serving/neighbor cells in the temporal/spatial/frequency domain;
· Unintended events prediction, e.g., HOF, RLF, too-early HO, too-late HO, HO to wrong cell;
· Measurement events prediction, e.g., event A3.
· Study the input/output and corresponding mechanism of each sub-use case.
· Evaluate different sub-use cases with determined intermediate KPIs and system-level performance with methodology based on statistical models (from [TR 38.901]) for system-level simulations. 
· Assess potential specification impact for the agreed sub-use cases, including: [RAN2, RAN1, RAN3]
· Identify the applicability and essential enhancement of AI/ML LCM framework in Rel-18 AI/ML;
· Study the potential procedure and signaling exchange to facilitate the identified mechanism of each sub-use case.
Note 1: no intention to change the existing framework for mobility under connected mode.
Note 2: Focus on Standalone (SA) mode during SI phase, i.e., DC is not in the SI scope.
Annex B: Initial evaluation results
Table Annex B-1 System-level simulation assumption for RSRP prediction based HO
	Parameters
	Values

	Carrier Frequency
	FR1: 4 GHz
FR2: 30GHz

	Scenario
	UMa dense urban

	UE trajectory
	[image: ]

UE is randomly placed on the edge of the rectangle, and a direction is randomly generated to move along the edge of the rectangle.

	TRP Number
	7 sites, 3 sector per site.

	Channel Model
	3D-Uma in TR38.901, support Spatial consistency

	ISD
	200m

	UE distribution
	100% Outdoor

	UE speed
	120km/h

	TRP Number
	7 sites, 3 sector per site.

	Channel Model
	3D-Uma in TR38.901, support Spatial consistency

	ISD
	200m

	UE distribution
	100% Outdoor

	UE speed
	120km/h

	Mobility management
	L1 measurement period: 20ms
L3 filter: K = 4
Event: A3
hysteresis：2dB
offset: 1dB
TimeToTrigger：40ms,320ms
Handover preparment time：50ms
Handover execution time : 40ms

	RLM
	L1 measurement period: 20ms
Qin sliding window length：100ms
Qout sliding window length: 200ms
Qin threshold: -6dB
Qout threshold: -8dB
N310: 1
N311: 1
T310: 1s

	Handover Failure Modelling
	As defined in TR 36.839 

	Ping-pong Modelling 
	As defined in TR 36.839

	MTS (minimum time-of-stay)
	1s



Simulation results in Table Annex B-2 show that the RRM measurement predictions on FR1 and FR2 have reasonable RMSE.
Table Annex B-2 Accuracy of RSRP prediction
	
	Prediction 1
	Prediction 2

	FR1
	RMSE = 0.4dB
	RMSE = 1.6dB

	FR2
	RMSE = 1.3dB
	RMSE = 3.3dB

	Training dataset: Same large-scale channel parameters for different drops
Model Input: History RSRP, UE information (e.g., location, speed), gNB information(e.g., location, beam angle)
AI Model: Fully connected network
Prediction 1: RSRP of every 80ms in 320ms after T0
Prediction 2: RSRP of 1s after T0



The performance evaluation of RSRP prediction-based HO is illustrated in Table Annex B-3. It can be seen that with RSRP prediction, the unintended events rate during HO and CHO can be significantly reduced, including HOF rate, ping-pong HO rate, and short time of stay rate.

Table Annex B-3 RSRP prediction-based HO
	
	
	Legacy HO, TTT = 320
	Legacy HO, TTT = 40
	AI/ML based HO
	CHO, TTT = 320
	CHO, TTT = 40
	AI/ML based CHO

	FR1
	HOF rate
	9.16%
	2.2%
	1.95%
	0.28%
	0.15%
	0.32%

	
	Ping-pong HO rate
	1.1%
	3.6%
	0.37%
	1.0%
	3.7%
	0.37%

	
	Short Time of Stay rate
	13.4%
	18.9%
	5.7%
	13.6%
	18.8%
	5.67%

	FR2
	HOF rate
	7.4%
	2.5%
	2.0%
	0.42%
	0.43%
	0.44%

	
	Ping-pong HO rate
	5.2%
	10.3%
	2.7%
	5.2%
	10.3%
	2.7%

	
	Short Time of Stay rate
	24.1%
	36.7%
	10.4%
	24.4%
	36.5%
	10.8%
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