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1 Introduction
[bookmark: OLE_LINK55][bookmark: OLE_LINK24][bookmark: OLE_LINK23]In RAN#102 meeting, the Study on AI/ML for mobility in NR was approved [1] with the following objectives:
	The study will focus on mobility enhancement in RRC_CONNECTED mode over air interface by following existing mobility framework, i.e., handover decision is always made in network side. Mobility use cases focus on standalone NR PCell change. UE-side and network-side AI/ML model can be both considered, respectively.

Study and evaluate potential benefits and gains of AI/ML aided mobility for network triggered L3-based handover, considering the following aspects:
· [bookmark: OLE_LINK25]AI/ML based RRM measurement and event prediction, 
· Cell-level measurement prediction including intra and inter-frequency (UE sided and NW sided model) [RAN2]
· Inter-cell Beam-level measurement prediction for L3 Mobility (UE sided and NW sided model) [RAN2]
· [bookmark: OLE_LINK6]HO failure/RLF prediction (UE sided model) [RAN2]
· [bookmark: OLE_LINK7]Measurement events prediction (UE sided model) [RAN2]
· Study the need/benefits of any other UE assistance information for the network side model [RAN2]

· [bookmark: OLE_LINK74]The evaluation of the AI/ML aided mobility benefits should consider HO performance KPIs (e.g., Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, and measurement reduction) etc.) and complexity tradeoffs [RAN2]
· [bookmark: OLE_LINK26]NOTE: Simulation assumption and methodology can leverage TR 38.901, 38.843 and 36.839. And leave the detail discussion to RAN2
· Potential AI mobility specific enhancement should be based on the Rel19 AI/ML-air interface WID general framework (e.g. LCM, performance monitoring etc) [RAN2]  
· NOTE: This would only be treated after sufficient progress is made in the Rel-19 AI/ML air interface WID 
· Potential specification impacts of AI/ML aided mobility [RAN2]
· [bookmark: _Hlk153472406]Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]

· NOTE 1: RAN1/3 work can be triggered via LS
· NOTE 2: RAN4 scope/work can be defined and confirmed by RAN#105 after some RAN2 discussions (within the RAN4 pre-allocated TUs)
NOTE 3: To avoid duplicate study with “AI/ML for NG-RAN” led by RAN3
NOTE 4: Two-sided model is not included



[bookmark: OLE_LINK5][bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK1][bookmark: OLE_LINK27][bookmark: OLE_LINK4]In this contribution, we would discuss on the key issues of evaluation methodology and simulation assumption for RLF prediction and provide our proposals.
2 Discussion
2.1 Key issues of Evaluation Methodology for RLF prediction
[bookmark: OLE_LINK61][bookmark: OLE_LINK98][bookmark: OLE_LINK93]Based on the discussion on AI/ML for mobility in RAN2#125bis, it could be observed that there are two main potential purpose of the SI. The first purpose is to study the reduction of measurements for mobility without deteriorating the HO performance. For example, RRM measurement prediction is helpful to reduce the configuration of measurement gaps. The second study purpose is for the benefits for handover performance through AI/ML mode. And in our understanding, RLF prediction could be used for NW to enhance handover performance, e.g., the predicted RLF is helpful to decide the optimal time of handover to avoid the unintended events.
Observation 1: RLF prediction could be used for NW to enhance handover performance, e.g., the predicted RLF is helpful to decide the optimal time of handover.
Considering the HO performance for FR1 scenario in 5G commercial network is excellent, we think that the study purpose of handover performance enhancement could focus on FR2 scenario where the HO performance is not optimal since the channel conditions change rapidly. Therefore, we propose FR2-to-FR2 scenario is prioritized in the evaluation of RLF prediction.
According to the agreements achieved in RAN2#125bis, we can see that FR2-to-FR2 scenario can be used both in temporal and spatial domain in the study of AI/ML for mobility.
[image: ]
But for RLF prediction, from our point of view, only temporal domain prediction could be considered. Based on SID, the study should focus on mobility enhancement in RRC_CONNECTED mode over air interface by the existing mobility framework, i.e., handover decision is always made in network side; and only UE-side AI/ML model could be considered for RLF prediction. That means that if the UE predicts that the RLF may occur at a certain time soon, the UE should report the prediction to NW, and NW could trigger the handover procedure before the potential RLF. Therefore, only the temporal domain RLF prediction based on historic measurement results could generate RLF prediction in the near future and make NW trigger the handover procedure in advance to avoid RLF occur. 
Proposal 1: FR2-to-FR2 intra-frequency scenario is prioritized in the evaluation of RLF prediction.
Proposal 2: Temporal domain prediction could be considered in the evaluation of RLF prediction.
For temporal domain prediction, there are Case A, Case B and Case B+ defined for the AI-PHY beam management in TR 38.843[2]. Based on the examples illustrated as below, we can see that Case A where the measurements at each time instance in the observation time window as the model input and prediction in the prediction time window as the model output is applicable for temporal domain RLF prediction.
Proposal 3: Case A from the RAN1 AI/ML PHY TR38.843 could be used in the evaluation of temporal domain RLF prediction.
[bookmark: OLE_LINK2][image: ]
Figure 1: Example for Case A in [2]
[image: ]
Figure 2: Example for Case B in [2]
[image: ]
Figure 3: Example for Case B+ in [2]
Based on the agreements achieved as below in RAN2#125bis, measurement event evaluation based on RRM measurement prediction and Direct measurement event prediction are allowed. 
[image: ]
Similar with measurement event prediction, we think there are two potential sub-use cases for RLF prediction with UE-sided model as mentioned in our contribution [3]. 
· Sub-use case 1 (Intermediate way): The UE predict RRM measurement firstly, and derive RLF based on predicted RRM measurement
· Sub-use case 2 (Direct way): The UE predict HOF/RLF directly based on input
For intermediate way, RLF prediction evaluation based on RRM measurement prediction, which RRM sub cases are applicable should be considered. As per the agreements in RAN2#125bis, there are at least the following RRM sub cases: 
· RRM sub case 1: To predict beam level results, then generate cell level results based on the predicted beam results; 
· RRM sub case 2: To directly predict cell level results based on cell level results;
· RRM sub case 3: To directly predict cell level results based on beam level results.
For all 3 RRM sub cases, predict L3 cell level results could generated directly or derived based on L1 beam results, and the L3 cell level prediction could be used for RLF prediction. Therefore, we think all 3 RRM sub cases are applicable for RLF prediction.
Proposal 4: All 3 RRM sub cases are applicable for RLF prediction evaluation based on RRM measurement prediction.
For direct RLF prediction, the model input could be L1/L3 measurements (e.g., RSRP/RSRQ/SINR) at each time instance in observation time window, historic HOF/RLF, UE location, measurement event (e.g., A3 event) parameters and RLF related parameters (e.g., N310, N311, T310), etc. Due to the diversity of the model input, it is proposed that the model input should be reported by companies. For the output of direct RLF prediction, we think whether the RLF will occur and the time info of occurrence could be considered as the baseline. 
Proposal 5: The model input of direct RLF prediction should be reported by companies due to the diversity of the model input.
Proposal 6: For the model output of direct RLF prediction, whether the RLF will occur and the time info of occurrence could be considered as the baseline.
[bookmark: OLE_LINK10]2.2 Simulation assumptions
[bookmark: OLE_LINK89]Based on the above analysis, we would like to provide the baseline System Level Simulation assumptions for FR2 scenario, and the simulation assumptions of A3 Event and RLF related parameters which could be considered as the model input. 
Table 1: The baseline System Level Simulation assumptions for AI/ML for mobility evaluation@ FR2
	Parameter
	Value

	[bookmark: OLE_LINK67]Frequency Range
	FR2 @ 30 GHz; SCS: 120 kHz

	Deployment
	[bookmark: OLE_LINK20]200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per site)

	Channel model
	UMa with distance-dependent LoS probability function defined in Table 7.4.2-1 in TR 38.901.

	System BW
	80MHz

	UE Speed
	· 30km/h
· 60km/h
· 90km/h
· 120km/h

	[bookmark: OLE_LINK36]UE distribution
	10 UEs per sector/cell

100% outdoor


	Transmission Power
	Maximum Power and Maximum EIRP for base station and UE as given by corresponding scenario in 38.802 (Table A.2.1-1 and Table A.2.1-2)

	BS Antenna Configuration
	Antenna setup and port layouts at gNB: (4, 8, 2, 1, 1, 1, 1), (dV, dH) = (0.5, 0.5) λ
 
Number of BS beams: 64 downlink Tx beams (max number of available beams) at NW side. 

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE Antenna Configuration
	Antenna setup and port layouts at UE: (1, 4, 2, 1, 2, 1, 1), 2 panels (left, right)

Number of UE beams: 4 downlink Rx beams (max number of available beams) per UE panel at UE side.

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8, Table A.2.1-10

	Inter-panel calibration for UE
	Ideal, non-ideal following 38.802 (optional) 

	BS Tx Power
	40 dBm (baseline)
Other values (e.g., 34 dBm) not precluded

	Maximum UE Tx Power
	23 dBm

	BS receiver Noise Figure
	7 dB

	UE receiver Noise Figure
	10 dB

	Inter site distance
	200 m

	BS Antenna height
	25 m

	UE Antenna height
	1.5 m

	Car penetration Loss
	38.901, sec 7.4.3.2: μ = 9 dB, σp = 5 dB

	UE measurements/reports
	Periodicity of time instance for each measurement/report: 40ms

	Scenario
	Dense Urban (macro-layer only, TR 38.913) is the basic scenario for dataset generation and performance evaluation.  

	Spatial consistency 
	-	Procedure A in TR38.901
-	Procedure B in TR38.901

	Observation window
	[bookmark: OLE_LINK70]5*UE measurements/reports

	Prediction window
	1,2,4*UE measurements/reports



Table 2: The Baseline simulation assumptions for A3 Event and RLF related parameters
	Parameter
	Value

	L3 measurement filter
	K = 4,1,0

	Handover criteria
	Event A3, RSRP

	a3-offset
	2dB

	A3 TTT
	320ms
40ms

	A3 hysteresis
	1dB

	HO preparation time
	50ms

	HO 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



Proposal 7: RAN2 considers the above Simulation assumptions for FR2 scenario, and the simulation assumptions of A3 Event and RLF related parameters as the baseline simulation assumptions for RLF prediction evaluation.
3 Conclusion
In this paper, we discuss on the key issues of evaluation methodology and simulation assumption for RLF prediction, and we have the following proposals:
Observation 1: RLF prediction could be used for NW to enhance handover performance, e.g., the predicted RLF is helpful to decide the optimal time of handover.
Proposal 1: FR2-to-FR2 intra-frequency scenario is prioritized in the evaluation of RLF prediction.
Proposal 2: Temporal domain prediction could be considered in the evaluation of RLF prediction.
Proposal 3: Case A from the RAN1 AI/ML PHY TR38.843 could be used in the evaluation of temporal domain RLF prediction.
Proposal 4: All 3 RRM sub cases are applicable for RLF prediction evaluation based on RRM measurement prediction.
Proposal 5: The model input of direct RLF prediction should be reported by companies due to the diversity of the model input.
Proposal 6: For the model output of direct RLF prediction, whether the RLF will occur and the time info of occurrence could be considered as the baseline.
Proposal 7: RAN2 considers the above Simulation assumptions for FR2 scenario, and the simulation assumptions of A3 Event and RLF related parameters as the baseline simulation assumptions for RLF prediction evaluation.
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Agreements:

1.

w

At least measurement event evaluation based on RRM measurement prediction result will be
studied. Direct measurement event prediction is also allowed.

Clarifications on what is being as input should be provided with results

Start with A3 as a baseline.

Measurement event prediction study can start after some further progress on RRM
measurement prediction has been made
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Agreements to start evaluations

*  FR1-to-FR1
v" Focus on intra-frequency in time domain prediction for the purpose of measurement reduction
v Study inter-frequency scenario in terms of which scenarios can be studied without requiring

new channel model and also resolving any simulation assumptions (if possible).

*  FR2-to-FR2
v" Focus on intra-frequency
v" Perform evaluation both in time and spatial domain





