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1. Introduction
At the RAN2#125bis meeting, the following agreements were made regarding the RRM measurement prediction:
	Agreements
1 For cell level measurement prediction model, at least consider the following cases:
Case 1: To predict beam level results, then generate cell level results based on the predicted beam results; 
Case 2: To directly predict cell level results based on cell level results.
Case 3: To directly predict cell level results based on beam level results 
2 We will consider intra-frequency intra and inter-cell spatial domain measurement predictions, for beam and cell level measurements.  
3 For temporal domain measurement prediction, we will consider the AI-PHY beam management Case A and Case B from the RAN1 AI/ML PHY TR and it applies to both beam level and cell level.   As baseline we will focus on pure temporal predicition.  
4 The following items can be considered as a baseline for the prediction accuracy of the cell-level measurement prediction：
Spatial-domain prediction： RSRP difference to the actual measurement
Temporal prediction：RSRP difference to the actual measurement
measurement reduction rate as one KPI
5 As a first step we will focus on measurement prediction accuracy.  FFS whether and what system level performance evaluation is needed


[bookmark: _Hlk161928446]In this contribution, we will further discuss whether and what system-level performance evaluation is needed for RRM measurement prediction.
2. Discussion
2.1 System-level performance KPI for RRM measurement prediction
For the use case of beam management in NR_AI/ML_Air, the performance KPI includes the following two types:
- Type 1: Beam prediction accuracy related KPIs, e.g.,
- Average L1-RSRP difference of Top-1 predicted beam
- CDF of L1-RSRP difference for Top-1 predicted beam 
- Beam prediction accuracy
- Beam prediction accuracy (%) with 1dB margin for Top-1 beam
- Type 2: System performance related KPIs, e.g.,
- UE throughput: CDF of UE throughput, average and 5%-ile UE throughput
- RS overhead reduction
Clauses 6.3.2 of TR 38.843 [1] captured the simulation results of AI/ML-based beam management. Among them, the prediction accuracy related KPIs (Type 1) can provide a general understanding of the performance of AI/ML model, while the system performance related KPIs (Type 2) can directly reflect the impact of introducing AI/ML, e.g., how much the throughput decreases when beam prediction is introduced and the corresponding RS overhead is reduced.
Observation 1: For the use case of beam management in NR_AI/ML_Air, both prediction accuracy KPI and system performance KPI (e.g., UE throughput) are considered.
Observation 2: The KPI of UE throughput can reflect how much the performance decreases when beam prediction is introduced and the corresponding RS overhead is reduced.
At the last RAN2 meeting, the RSRP difference and measurement reduction rate were approved to be considered as KPIs for measurement prediction, while it is FFS whether and what system-level performance evaluation is needed.
From our understanding, the accuracy of prediction is an intermediate KPI. If the system-level performance is not considered, the impact of introducing AI/ML for mobility cannot be fully assessed.
In the email discussion [POST125bis][021][AIML mobility] Simulation assumptions and methodology (OPPO) [2], two objectives of RRM prediction were raised:
· The first study goal of evaluation is to reduce measurement overhead.
· The second study goal of evaluation is to enhance handover performance.
For objective 1, similar to AI/ML for beam management, system performance is necessary to reflect the impact on mobility performance when RRM measurement prediction is used instead of actual measurements. For objective 2, system performance is also necessary to evaluate the optimization of mobility robustness after the introduction of RRM measurement prediction.
Therefore, we propose:
Proposal 1: System-level performance evaluation is needed to reflect the impact on mobility performance after RRM measurement prediction is introduced.
For the specific system-level performance KPI, we suppose all the mobility related performance KPIs listed in the SID can be considered, such as Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, measurement reduction, etc.
As to the definition, the following KPIs are captured in TR 36.839 and can be reused:
· Ping-pong rate is defined as (number of ping-pongs)/(total number of successful handovers excl. handover failures).
· A Short ToS rate is defined as the number of Short ToS occurrences divided by the number of successful handovers. I.e., Short ToS rate = (number of Short ToS occurrences)/(total number of successful handovers).
· The RLF performance metric is defined as: the average number of RLF occurrences per UE per second.
· The HOF rate is defined as: Handover failure rate = (number of handover failures) / (Total number of handover attempts).
For the Handover interruption, modeling the detailed RACH procedure and the corresponding interruption during handover presents a complex challenge for simulation. Assuming that each handover procedure may introduce close interruption, one simple approach is to introduce an equivalent KPI, such as handover frequency, which can be defined as the number of HO occurrences per UE per second.
Based on the above, we propose:
Proposal 2: The system-level performance KPIs for RRM measurement prediction include Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption.
Proposal 3a: Reuse the definition of the following system-level performance KPIs in 36.839:
· Ping-pong rate is defined as (number of ping-pongs)/(total number of successful handovers excl. handover failures).
· A Short ToS rate is defined as the number of Short ToS occurrences divided by the number of successful handovers. I.e., Short ToS rate = (number of Short ToS occurrences)/(total number of successful handovers).
· The RLF performance metric is defined as: the average number of RLF occurrences per UE per second.
· The HOF rate is defined as: Handover failure rate = (number of handover failures) / (Total number of handover attempts).
Proposal 3b: The KPI of handover interruption can be reflected as HO occurrences per UE per second.
In the justification, the user experience of future services, such as XR, is taken into consideration, so a new KPI is needed to reflect the actual user service experience during the simulation time. For example, CDF of UE serving cell RSRP/SINR during the simulation time could be used to approximately reflect the throughput. 
Proposal 4: Introduce CDF of UE serving cell RSRP/SINR as one performance KPI to reflect the overall user experience.
2.2 Other parameters for simulation
In the email discussion [POST125bis][021][AIML mobility], the general parameters to acquire the dataset for RRM prediction are discussed.
To assess the system-level performance after introducing RRM measurement prediction, the RLF and mobility related parameters are also needed to be discussed and aligned for simulation.
2.2.1 RLF related parameters
To get the system-level performance KPI like RLF frequency (as outlined in section 2.1), it is essential to first align the Radio Link Failure (RLF) modeling. The RLF modeling-related parameters are detailed in the table below [3]. Additionally, Qout is monitored using a 200ms window, and Qin is monitored using a 100ms window.
Table 2.2-1: The parameters for determining the RLFs and the PDCCH failures.
	Items
	Description 

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1s (the default value in 36.331)

	N310
	1

	N311 
	1


We believe that the parameters can be reused. Therefore, we propose:
Proposal 5: Reuse the RLF modeling-related parameters in TR 36.839 for system-level performance evaluation:
	Parameter
	Value

	Qout
	-8 dB

	Qin
	-6 dB

	Qin sliding window length
	100ms

	Qout sliding window length
	200ms

	T310
	1s

	N310
	1

	N311 
	1


2.2.2 Mobility specific parameters
The following tables capture the additional recommended HetNet mobility specific parameters in [3]:
Table 2.2-2: HetNet mobility specific parameters
	Items
	Description

	Pico cell placement
	At fixed location(s) e.g., at 0.5 ISD, 0.3 ISD on the boresight direction. Or randomly placed.

	Cell loading (NOTE 1) 
	100%, 50%

	UE speed 
	3 km/h, 120km/h, 30km/h, 60km/h 

	Channel model 
	Either one of the models, TU or ITU, could be used. (fast fading included)

	TimeToTrigger [ms]
	40, 80, 160, 480

	a3-offset [dB]
	-1, 0, 1, 2, 3 

	TMeasurement_Period, Intra, L1 filtering time in TS36.133 [2]
	200ms (other values could be added later)

	Layer3 Filter Parameter K
	 4, 1, 0

	measurement error modelling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133 [2]). The RSRP measurement error can be added before or after L1 filter as long as the error requirement mentioned above is met at the input of L3 filter.
For calibration purposes, there is no measurement error modelling with wideband CQI for radio link monitoring and HOF decision.

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


Table 2.2-3: Summary of Mobility related simulation parameters for the MSE
	HO Parameter
	Value

	Time To Trigger (TTT)
	Dynamic, 480 ms in normal Mobility

	TTT Scaling factors
	Sf_medium = 0.5, sf_high = 0.25

	N_CRMedium, limit to enter medium state for macro only scenario
	7

	N_CRHigh, limit to enter high state for macro only scenario
	13

	N_CRMedium, limit to enter medium state for HetNet scenario
	10

	N_CRHigh, limit to enter high state for HetNet scenario
	16

	T_CRmaxHyst, hysteresis back to normal state
	0s   (demonstrate the immediate impact of enhanced MSE)

	A3 Offset
	3 dB Macro and Pico

	Ping-Pong-Time
	1 s

	Measurements Rate
	0.2 s

	HO Execution Time (including Preparation)
	0.15 s

	RSRP error – zero mean Gaussian
	1 dB std

	Filtering Factor K
	4

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB


We think that most of the parameters can be reused in AI-based mobility simulation. For the baseline value of Time to Trigger, we think that both a long TTT such as 480ms, and a short TTT such as 40ms should be considered to compare with the AI-based mobility performance. Because long TTT aims to avoid ping-pong and short ToS, but may result in more handover failure problems. While short TTT aims to avoid handover failure problems, but may result in more ping-pong and short ToS. The potential gain for AI-based mobility is to reduce HOF, ping-pong and short ToS at the same time or to achieve better balance for these metrics, therefore, only when AI-based mobility shows gains compared to both long TTT and short TTT configurations can it be considered to have gains.
Proposal 6: Take the mobility-specific simulation parameters of HetNet in TR 36.839 as the baseline for system-level performance evaluation:
	Parameter
	Value

	L1 measurement period
	40ms

	Filtering Factor K
	4

	A3 Offset
	3 dB 

	TimeToTrigger
	480 ms (baseline), 40 (baseline)

	Ping-Pong-Time/short time of stay
	1 s

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms



3. Conclusion
Based on the above analysis, we make the following observations and proposals:
Observation 1: For the use case of beam management in NR_AI/ML_Air, both prediction accuracy KPI and system performance KPI (e.g., UE throughput) are considered.
Observation 2: The KPI of UE throughput can reflect how much the performance decreases when beam prediction is introduced and the corresponding RS overhead is reduced.
System-level performance KPI
Proposal 1: System-level performance evaluation is needed to reflect the impact on mobility performance after RRM measurement prediction is introduced.
Proposal 2: The system-level performance KPIs for RRM measurement prediction include Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption.
Proposal 3a: Reuse the definition of the following system-level performance KPIs in 36.839:
· Ping-pong rate is defined as (number of ping-pongs)/(total number of successful handovers excl. handover failures).
· A Short ToS rate is defined as the number of Short ToS occurrences divided by the number of successful handovers. I.e., Short ToS rate = (number of Short ToS occurrences)/(total number of successful handovers).
· The RLF performance metric is defined as: the average number of RLF occurrences per UE per second.
· The HOF rate is defined as: Handover failure rate = (number of handover failures) / (Total number of handover attempts).
Proposal 3b: The KPI of handover interruption can be reflected as HO occurrences per UE per second.
Proposal 4: Introduce CDF of UE serving cell RSRP/SINR as one performance KPI to reflect the overall user experience.
Other parameters for simulation
Proposal 5: Reuse the RLF modeling-related parameters in TR 36.839 for system-level performance evaluation:
	Parameter
	Value

	Qout
	-8 dB

	Qin
	-6 dB

	Qin sliding window length
	100ms

	Qout sliding window length
	200ms

	T310
	1s

	N310
	1

	N311 
	1


Proposal 6: Proposal 6: Take the mobility-specific simulation parameters of HetNet in TR 36.839 as the baseline for system-level performance evaluation:
	Parameter
	Value

	L1 measurement period
	40ms

	Filtering Factor K
	4

	A3 Offset
	3 dB 

	TimeToTrigger
	480 ms (baseline), 40 (baseline)

	Ping-Pong-Time/short time of stay
	1 s

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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