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[bookmark: _Ref488331639]Introduction
In RAN2#125bis, it is agreed that:
· 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 
· We will consider intra-frequency intra and inter-cell spatial domain measurement predictions, for beam and cell level measurements.  
· 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 prediction.  
These agreements contain a lot of sub cases in RRM measurement prediction. Considering the workload of the SI, it is better to narrow down the study scope or at least things to do at the initial stage. In this contribution, we provide our understanding of the most promising cases.
Discussion
Cell level prediction sub case
For cell level measurement prediction model, we have three sub cases that differs in model input and output. In the following, we provide our initial simulation results to see their performances in spatial domain, time domain cases A, and time domain case B. The detailed simulation assumptions are attached in the annex.
Spatial domain
Since sub case 2 is a purely L3 case and does not have beam-level contents, spatial domain analysis only covers sub cases 1 and 3. A fixed pattern of selected DL Tx beams is adopted to reflect the performance with a reduced portion of measured L1 beams. The selected fixed patterns are shown in Figure 2.1-1 where yellow dots represent beams being adopted.
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Figure 2.1-1: Selected beams measured among all DL beams (32 Tx beams)
For sub case 1: we measured the L1-RSRP of the selected beams in 4 continuous time instances and used them to predict the L1-RSRP of the rest beams at corresponding time instances (i.e., the input of the AI/ML model is L1-RSRP of 4 time instances and the output is L1-RSRP of the rest beams of the same time instances). After getting measurement results of all beams of one UE trajectory, we use legacy L1/L3 filtering and selection/consolidation to obtain the corresponding L3-RSRP. 
[bookmark: _Hlk165970263]For sub case 3: we measured the L1-RSRP of the selected beams in 4 continuous time instances and used them to predict the L3-RSRP at corresponding time instances (i.e., the input of the AI/ML model is L1-RSRP of 4 time instances and the output is L3-RSRP of the same time instances). 
The initial results are shown in Table 1.
Table 1. Initial simulation results of sub cases 1 and 3 in spatial domain
	OPPO, FR2 intra-cell spatial domain, 32 DL beams

	Assumptions
	Measurement reduction rate (MRR) in spatial domain
	50%

	RRM prediction
	Case category
	Sub case 1
	Sub case 3

	AI/ML model input/output
	Model input
	L1-RSRP

	
	Model output
	L1-RSRP
	L3-RSRP

	Data Size
	Training
	400 UEs with at least 5s trajectory per UE

	
	Testing
	100 UEs with at least 5s trajectory per UE

	AI/ML model
	Model description
	2 LSTM layer + 1 dense layer

	
	Model parameter
	~0.19M

	
	Computational complexity [FLOPs]
	~0.42M

	Evaluation results
	Average L3-RSRP diff [dB]
	2.81
	0.71

	
	RMSE 
	4.02
	1.45

	
	Prediction accuracy
	1 dB margin [%]
	14.4
	82.5

	
	
	2 dB margin [%]
	44.3
	90.4

	
	
	3 dB margin [%]
	74.0
	94.3


With a fixed measurement reduction rate and a similar model structure, we can find that sub case 3 achieves a much better results than sub case 1.
Observation 1: The performance of sub case 1 in spatial domain is not satisfactory. Sub case 3 achieves a much better prediction accuracy than sub case 1 in spatial domain with the same measurement reduction rate and a similar AI/ML model structure.
Besides, sub case 1 uses predicted L1 data to acquire cell level results indirectly. Although it involves the legacy measurement method that has RAN2 impact, the AI/ML model is the same as that used in RAN1 AI/ML for air interface SI and is well-studied. At least for simulation, we do not need to redo the work considering the already heavy workload.
Observation 2: Sub case 1 reuses RAN1 work on beam management that is well-studied. RAN2 does not need to redo the work.
Time domain case A
For time domain case A, the AI/ML model needs to use L1-RSRP or L3-RSRP measured in the past time window (e.g., 400ms) to predict the L3-RSRP values in the future time sequence. Table 2 shows the prediction results of sub cases 2 and 3.


Table 2. Initial simulation results of sub cases 2 and 3 in time domain case A
	OPPO, FR2 intra-cell time domain case A, 32 DL beams

	Assumptions
	Observation window size [ms]
	400 (10 samples with 40ms time interval)

	
	Prediction window size [ms]
	400

	RRM prediction
	Case category
	Sub case 2
	Sub case 3

	AI/ML model input/output
	Model input
	L3-RSRP
	L1-RSRP

	
	Model output
	L3-RSRP

	Data Size
	Training
	400 UEs with at least 5s trajectory per UE

	
	Testing
	100 UEs with at least 5s trajectory per UE

	AI/ML model
	Model description
	2 LSTM layer + 1 dense layer

	
	Model parameter
	~0.18M
	~0.19M

	
	Computational complexity [FLOPs]
	~0.40M
	~0.42M

	Evaluation results
	Average L3-RSRP diff [dB]
	1.26
	1.31

	
	RMSE 
	2.23
	2.25

	
	Prediction accuracy
	1 dB margin [%]
	64.3
	63.8

	
	
	2 dB margin [%]
	77.3
	76.9

	
	
	3 dB margin [%]
	85.8
	85.3


Observation 3: Sub cases 2 and 3 have similar prediction accuracy in time domain case A with a similar AI/ML model structure.
Time domain case B
Time domain case B uses AI/ML to reduce measurement overhead by interpolation. For interpolation, we do not need to predict a long sequence as multiple short sequences can achieve better prediction accuracy with a less complex model. Therefore, we adopt a prediction with a maximum length of 4 time instances (with a 40ms time interval). 
For sub case 2: We used L3 cell level measurement results at time instances [k, k+2, k+4, k+6] to predict L3 cell level measurement results at time instances [k+1, k+3, k+5, k+7].
For sub case 3: We used L1 beam level measurement results at time instances [k, k+2, k+4, k+6] to predict L3 cell level measurement results at time instances [k+1, k+3, k+5, k+7].
Table 3 shows the prediction results of different cases.
Table 3. Initial simulation results of sub cases 2 and 3 in time domain case B
	OPPO, FR2 intra-cell time domain case B, 32 DL beams

	Assumptions
	Measurement reduction rate (MRR) in time domain
	50%

	RRM prediction
	Case category
	Sub case 2
	Sub case 3

	AI/ML model input/output
	Model input
	L3-RSRP
	L1-RSRP

	
	Model output
	L3-RSRP

	Data Size
	Training
	400 UEs with at least 5s trajectory per UE

	
	Testing
	100 UEs with at least 5s trajectory per UE

	AI/ML model
	Model description
	2 LSTM layer + 1 dense layer

	
	Model parameter
	~0.2M

	
	Computational complexity [FLOPs]
	~0.4M

	Evaluation results
	Average L3-RSRP diff [dB]
	0.11
	0.68

	
	RMSE 
	0.14
	1.37

	
	Prediction accuracy
	1 dB margin [%]
	99.9
	83.9

	
	
	2 dB margin [%]
	100
	91.3

	
	
	3 dB margin [%]
	100
	94.9


Observation 4: Sub cases 2 and 3 both have good prediction accuracy in time domain case B with a similar AI/ML model structure.
Based on observations 1-4, it is proposed that
Proposal 1: RRM prediction focuses on sub cases 2 and 3.
· 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.

The relationship between evaluation scenario and study goal
During post email discussion [021], two study goals and their relationship between handover scenario is discussed. Based on the company’s feedback, it is likely to agree that FR2 to FR2 intra-frequency should target both measurement reduction and handover performance enhancement. At RAN2#125bis RAN2 had following agreements:
Agreements to start evaluations 
· FR1-to-FR1
· Focus on intra-frequncy in time domain prediction for the purpose of measurement reduction 
· 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
· Focus on intra-frequency
· Perform evaluation both in time and spatial domain

For FR1 to FR1 inter-frequency scenario, our understanding is that company want to save measurement gap by reducing measurement overhead. So, it means this scenario is targeting measurement reduction also.
Observation 5: FR1 to FR1 intra and inter-frequency scenario target measurement reduction and FR2 to FR2 intra-frequency scenario target both measurement reduction and HO performance enhancement
During post email discussion [POST125bis][021], the evaluation scenario is further classified into finer cases when methodology is discussed. We think evaluation should be driven by study goal(s) while study goal itself will impact methodology itself. Although detail methodology is discussed in [POST125bis][021], but the relationship between those finer cases and study goals is not clear.
For temporal domain prediction, as discussed in [POST125bis][021], case A refers to the case where L3 cell level measurement results in prediction window are predicted based on actual measurements in observation window. AI/ML model can predict e.g. measurement event in advance based on predicted future measurement results and an early report of predicted measurement event could help network to arrange handover procedure properly. So our understanding is that case A mainly targets 2nd study goal i.e. for HO performance enhancement. Case B is to predict measurement result based on measurement results of partial time instances. So our understanding is that case B mainly targets 1st study goal i.e. for measurement reduction.
Observation 6: Temporal domain prediction case A is for HO performance enhancement while case B is for measurement reduction.
For FR2 to FR2 intra-frequency scenario, if the measurement is predicted in spatial domain, it targets measurement reduction too as discussed in [POST125bis][021]. If the measurement is predicted between two cells, even measurements in cell for real measurement are not reduced, still the intention is to save measurement in cell for prediction. So obviously this case targets measurement reduction only. 
For cluster approach, in our contribution [1] we for FR1 to FR1 inter-frequency scenarios this method is only applicable for frequency domain prediction. For intra-frequency scenario, it can be taken as extension of intra-cell prediction. In this case at least for FR2 to FR2 scenario, both measurement reduction and handover performance enhancement can be targeted.

	Evaluation scenario combination
	Evaluation Priority 
	1st study goal: measurement reduction
2nd study goal : HO performance enhancement

	FR1 to FR1 intra-frequency intra-cell temporal domain case A
	Low
	Study goal 2

	FR1 to FR1 intra-frequency intra-cell temporal domain case B
	High
	Study goal 1

	FR1 to FR1 intra-frequency inter-cell 
	Low
	Study goal 1

	FR1 to FR1 inter-frequency inter-cell
	High
	Study goal 1

	FR1 to FR1 cluster approach
	Low?
	Study goal 1

	FR2 to FR2 intra-frequency intra-cell temporal domain case A
	High
	Study goal 2

	FR2 to FR2 intra-frequency intra-cell temporal domain case B
	Low
	Study goal 1

	FR2 to FR2 intra-frequency intra-cell spatial domain
	High
	Study goal 1

	FR2 to FR2 intra-frequency inter-cell
	Low
	Study goal 1

	FR2 to FR2 cluster approach
	Low?
	Study goal 1 and study goal2 (temporal domain case A) 


Table 2.2-1
Table 2.2-1 capture the above discussion points. FR1 to FR1 intra-frequency intra-cell temporal domain case A should be deprioritized since the room to enhance HO performance is quite limited. FR2 to FR2 intra-frequency temporal domain case A should be prioritized as HO performance enhancement is expected in this case. FR2 to FR2 intra-frequency intra-cell temporal domain case B however should be deprioritized as discussed in [POST125bis][021] because company try to focus on same case in FR1 to FR1 intra-frequency scenario. But FR2 to FR2 intra-frequency intra-cell spatial domain should be also prioritized because this is the only case to examine measurement reduction in spatial domain.
Proposal 2: To deprioritize evaluation on FR1 to FR1 intra-frequency temporal domain case A
Proposal 3: To prioritize evaluation on FR2 to FR2 intra-frequency temporal domain case A 
Proposal 4: To prioritize evaluation on FR2 to FR2 intra-frequency spatial domain
Proposal 5: To agree on the relationship between evaluation scenarios and study goals in table 2.2-1
L3 beam level measurement prediction
The index of reference signal could be reported in current measurement report. The L3 beam level measurement results can be also reported together with RS index in measurement report, if it is configured by network. The L3 beam measurement result can be used e.g. to select right PRACH resource. But it is sort of optional information i.e. not critical for mobility procedure. We think we can still put L3 beam level measurement prediction on the table. But RAN2 should focus on evaluation cases with high priority listed in table 2.2-1.
Proposal 6: L3 beam level measurement can be addressed in late stage
The L3 beam level measurement is firstly L3 filtered based on L1 beam level measurement of the same beam and then subset of them is picked based on either absThreshSS-BlocksConsolidation or absThreshCSI-RS-Consolidation. Based on the simulation results in section 2.1 for L3 cell level measurement prediction, direct prediction method i.e. sub case 2 and 3 is better than sub case 1. Sub case 2 and sub case 3 has similar performance. We think similar situation will occur to L3 beam level measurement also. Since this is not critical use case, we can just pick one method and our preference is L1 to predict L3 directly.
Proposal 7: L3 beam level measurement is predicted based on L1 beam level measurement directly
As for the evaluation scenarios, they should not beyond those with high priority for L3 cell level measurement. And RAN2 can further discuss final ones once RAN2 plan to do evaluation exercise. 
Proposal 8: Evaluation scenarios for L3 beam level measurement should not be prior to scenarios with high priority for L3 cell level measurement. Detail is FFS.
Metrics
For the temporal domain prediction case A i.e. to predict measurement in future, the length of prediction window really matters. A long prediction window means model can “see” the measurement results quite in advance and it could help e.g. to predict measurement event, RLF/HOF also quite in advance. 
Observation 7: A longer prediction window is always preferred for better HO performance
Temporal domain prediction is based on the temporal domain correlation. It means the prediction accuracy will decrease along with the length of prediction window in theory. But when prediction accuracy become worse enough it is not valuable any more. 


Figure 2.2-1
There are several elements impacting the length of prediction window:
1, the length of observation window. 
In theory the longer the observation window is, the longer the prediction window. But note the sum of observation window and prediction window is up to the channel temporal domain correlation, which is limited. So this observation is only valid when the sum of observation window and prediction window are not beyond a theoritical maximum value. 
2, the model capability
In order to compare the prediction performance, we could have two optioin2:
· Option 1: prediction accuracy minimum threshold is aligned among companies, and then the length of prediction window could be compared
· Option 2: the length of prediction window is aligned among companies, and then prediction accuracy e.g. average L3 RSRP difference can be compared
We use option 2 in the simulation in section 2.1. During simulation, the length of prediction window is usually fixed. That’s why it is difficult to adjust prediction window in order to match accuracy threshold during simulation. 
Proposal 9: For intra-frequency temporal domain case A prediction, the length of prediction window should be aligned among company so that prediction accuracy can be compared with each other
During post email discussion [POST125bis][021], for intra-frequency intra-cell temporal domain case B and intra-frequency intra-cell spatial domain prediction, companies seem fine to align several measurement reduction rates. But it is FFS how to align the measurement reduction rates. 
Based on our internal initial simulation, we recommend 3 reduction rates i.e. 4/8,6/8 and 7/8.  
Proposal 10: The aligned measurement reduction rates could be 4/8, 6/8, and 7/8

Conclusion
Based on our initial simulation results and analysis, we have the following observations:
Observation 1: The performance of sub case 1 in spatial domain is not satisfactory. Sub case 3 achieves a much better prediction accuracy than sub case 1 in spatial domain with the same measurement reduction rate and a similar AI/ML model structure.
Observation 2: Sub case 1 reuses RAN1 work on beam management that is well-studied. RAN2 does not need to redo the work.
Observation 3: Sub cases 2 and 3 have similar prediction accuracy in time domain case A with a similar AI/ML model structure.
Observation 4: Sub cases 2 and 3 have similar prediction accuracy in time domain case A with a similar AI/ML model structure.
Observation 5: FR1 to FR1 intra and inter-frequency scenario target measurement reduction and FR2 to FR2 intra-frequency scenario target both measurement reduction and HO performance enhancement
Observation 6: Temporal domain prediction case A is for HO performance enhancement while case B is for measurement reduction.
Observation 7: A longer prediction window is always preferred for better HO performance
To facilitate further study, it is proposed that
Proposal 1: RRM prediction focuses on sub cases 2 and 3.
· 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.
Proposal 2: To deprioritize evaluation on FR1 to FR1 intra-frequency temporal domain case A
Proposal 3: To prioritize evaluation on FR2 to FR2 intra-frequency temporal domain case A 
Proposal 4: To prioritize evaluation on FR2 to FR2 intra-frequency spatial domain
Proposal 5: To agree on the relationship between evaluation scenarios and study goals in table 2.2-1
Proposal 6: L3 beam level measurement can be addressed in late stage
Proposal 7: L3 beam level measurement is predicted based on L1 beam level measurement directly
Proposal 8: Evaluation scenarios for L3 beam level measurement should not be prior to scenarios with high priority for L3 cell level measurement. Detail is FFS.
Proposal 9: For intra-frequency temporal domain case A prediction, the length of prediction window should be aligned among company so that prediction accuracy can be compared with each other
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Annex
Simulation assumptions
In the simulation, we use L1 beam level measurement results (time-series L1-RSRP) collected every 40ms from TR 38.901 outdoor UMa channel model to obtain L3 cell-level measurement results (L3-RSRP) through the measurement model defined in TS 38.300. Detailed simulation assumptions including L1 filtering, consolidation/selection, and L3 filtering can be found in Table 5-1.
Table 5-1. Simulation assumptions for RRM measurement
	General assumptions

	Parameters
	Description

	Frequency Range
	FR2 @ 30 GHz;

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

	Channel model
	UMa with LoS channel

	System BW
	80MHz

	UE Speed
	30km/h

	UE distribution
	100% outdoor

	BS Tx Power
	40 dBm 

	Inter-site distance
	200 m

	BS Antenna height
	25 m

	UE Antenna height
	1.5 m

	UE trajectory model
	Options 1 in TR 38.843 section 6.3.1

	UE rotation
	Not considered

	



	RRM measurement assumptions

	Parameters
	Description

	L1 sampling period
	40ms

	L1 filtering time
	200ms as in TR 36.839 [3]

	L3 filter parameter K
	4

	nrofSS-BlocksToAverage/
	5

	absThreshSS-BlocksConsolidation
	-156dBm for RSRP as in TS 38.331

	maxNrofRS-IndexesToReport
	8
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