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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk163155367][bookmark: _Hlk53665621]The SID on AI/ML for mobility in NR [1] was approved for Rel-19. There are 3 use cases as below:
	· 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]
· HO failure/RLF prediction (UE sided model) [RAN2]
· Measurement events prediction (UE sided model) [RAN2]
· Study the need/benefits of any other UE assistance information for the network side model [RAN2]


In this contribution, we will share our opinions on RRM measurement prediction.
2. Discussion
2.1 Background of the existing measurement model
In NR, beamforming technology is used as the underlying technology. The UE measures multiple beams of a cell and the measurement results are averaged to derive the cell quality. The NR measurement model is as below (extracted from [2]):
	The corresponding high-level measurement model is described below:


Figure 9.2.4-1: Measurement Model


Observation 1: For the existing NR measurement, cell-level measurement is derived from beam-level measurement.
In general, L3-based handover decision is based on cell-level measurement report derived from beam-level measurement in Layer 1. In addition, RACH resources for contention-free RACH are bounded with specific SSBs(beams). If target gNB wants UE to perform a contention-free RACH procedure, target gNB first needs to select an SSB with good quality, and then allocate the dedicated (contention-free) RACH resource from the ones that are associated with the selected SSB. Therefore, both cell-level measurement and beam-level measurement are useful for handover.
Observation 2: Both cell-level measurement and beam-level measurement are useful for handover, e.g., cell-level measurement can be used for handover decision and target cell selection, and beam-level measurement can be utilized for dedicated RACH resource configuration.
2.2 Potential sub-use cases
In the scope of the study item, both cell-level measurement prediction and beam-level measurement prediction are included but put in different levels of bullets. One question is the relationship between the two levels of prediction. There may be the following three options:
· Option 1: Cell-level measurement prediction is derived based on beam-level measurement prediction, which is similar to the existing measurement.


Figure 2.2-1: Option 1, Cell-level prediction based on beam-level prediction
· Option 2: Cell-level and beam-level measurement predictions are independent predictions, i.e., cell-level measurement prediction is acquired by a separate AI model.



        
Figure 2.2-2: Option 2, independent predictions 
· Option 3: Cell-level and beam-level measurement predictions are hybrid predictions, i.e., AI model outputs include both cell qualities and associated beam qualities.


Figure 2.2-3: Option 3, hybrid predictions
Based on the above three options, there can be three sub-use cases:
· Sub-use case 1: beam-level measurement prediction;
· Sub-use case 2: cell-level measurement prediction, whether sub-use case 2 is needed relies on the conclusion for Option 2, i.e., whether cell-level measurement prediction is acquired by a separate AI model;
· Sub-use case 3: hybrid cell-level and beam-level measurement predictions, whether sub-use case 3 is needed depends on the conclusion for Option 3, i.e., whether AI model outputs include both cell quality and associated beam qualities.
We understand that RAN2 needs to discuss which sub-use case(s) are supported.
Proposal 1: Based on the relationship between cell-level and beam-level measurement predictions, RAN2 to clarify which sub-use case(s) are supported:
· Sub-use case 1: beam-level measurement prediction;
· Sub-use case 2: cell-level measurement prediction;
· Sub-use case 3: hybrid cell-level and beam-level measurement prediction.
In the Rel-18 SID of AI/ ML for NR air interface, the beam management use case supports temporal beam prediction and spatial beam prediction for serving cell, which aims to overhead/latency reduction and beam selection accuracy improvement. By extending beam prediction from serving cell to neighbor cell, most of the RAN1 work can be reused for beam-level measurement prediction. In addition, inter-frequency handover is a general and important scenario. It seems that the scope of the study item includes frequency-domain prediction from the wording of “Cell-level measurement prediction including intra and inter-frequency” in [1].
Proposal 2: For the RRM measurement prediction, temporal-, spatial- and frequency-domain predictions are in the scope of the SI.
As to the reference signal type and parameter of RRM measurement, the RS can be SSB or CSI-RS, and the parameters include RSRP, SINR and RSRQ. We think all of them can be considered. Furthermore, for the RS, SSB should be the baseline.
Proposal 3: For the RRM measurement prediction, both SSB and CSI-RS can be considered. The measurement parameters include RSRP, RSRQ and SINR.
Besides, the study item mainly aims to improve HO performance. Compared with existing measurements, the performance improvement of AI/ML mainly comes from the temporal-domain prediction. Therefore, we suggest that temporal-domain predictions should be prioritized.
Proposal 4: To improve HO performance, temporal-domain RRM measurement prediction is prioritized. 
In the scope of the study item, both UE sided model and NW sided model are included. The scope also restricts that handover decision is always made at the network side. From our understanding, except for potential UE assistance information, NW sided model can be left to network implementation. How NW utilizes the prediction is in RAN3 scope and may overlap with AI/ML for NG-RAN. Therefore, UE sided model should be prioritized from RAN2 perspective.
Proposal 5: To avoid overlap with AI/ML for NG-RAN in RAN3, UE sided model is prioritized. 
2.3 Potential Scenarios
For the network at a high frequency range, as the coverage of a single node decreases, the frequency for UE to handover between nodes becomes high, especially for high-mobility UE. At the cell edge, massive unintended events, e.g., RLF, HOF, ping-pong handover, and short time of stay, may happen due to UE mobility.
If the network can foresee the RRM status of UE, the above issue can be mitigated. Therefore, UE may report the predicted cell-/beam- level qualities to the network for the handover decision and/or target cell selection. The following scenarios can be considered:
· Short-term prediction to avoid RLF, e.g., if the quality of the serving cell turns unacceptable, HO can be triggered to avoid RLF.
· Short-term prediction to avoid HOF, e.g., if the quality of the candidate target cell turns unacceptable in a short time and UE may fail to perform RACH to the cell, HO to the candidate target cell should not be triggered to avoid HOF.
· Long-term prediction to avoid unintended events, e.g., if the quality of the candidate target cell turns unacceptable after UE completes RACH to the cell, HO to the candidate target cell should not be triggered to avoid short time of stay or ping-pong handover.
Proposal 6: To improve mobility robustness, UE may send the cell-level or beam-level measurement predictions to the network. The following scenarios can be considered:
· Short-term prediction to avoid RLF/HOF.
· Long-term prediction to avoid short time of stay/ping-pong handover.
NR supports up to 64 measurement frequencies. For each frequency, there are at most 1008 physical cells. Some measurement operations can be replaced by predictions, e.g., spatial and frequency-domain predictions if there is no performance loss, or acceptable loss, which can benefit for measurement gap reduction or speeding up the measurement of the rest frequencies. Therefore, we think that measurement reduction based on RRM measurement prediction can be considered in the study item.
Proposal 7: Measurement reduction based on RRM measurement prediction can be considered in the study item.
Since there are predicted cell qualities for serving cell and neighbor cells, one question is whether the predicted cell qualities can be used to determine the occurrence of HOF/RLF and event. 
[bookmark: _GoBack]Proposal 8: RAN2 to discuss whether to support HOF/RLF prediction and measurement event prediction based on RRM measurement prediction.
2.4 Performance KPIs
For RRM measurement prediction, the following intermediate KPIs should be considered to show the model inference accuracy of cell-level or beam-level measurement prediction:
· RMSE of the predicted L1-RSRP/L1-SINR/L1-RSRQ and the real L1-RSRP/L1-SINR/L1-RSRQ for the predicted cell or beam.
· RMSE of the predicted L3-RSRP/L3-SINR/L3-RSRQ and the real L3-RSRP/L3-SINR/L3-RSRQ for the predicted cell or beam.
· CDF of difference of the predicted L1-RSRP/L1-SINR/L1-RSRQ and the real L1-RSRP/L1-SINR/L1-RSRQ for the predicted cell or beam.
· CDF of difference of the predicted L3-RSRP/L3-SINR/L3-RSRQ and the real L3-RSRP/L3-SINR/L3-RSRQ for the predicted cell or beam.
Proposal 9: Introduce the following intermediate KPIs to evaluate the accuracy of RRM measurement prediction:
· RMSE of the predicted L1-RSRP/L1-SINR/L1-RSRQ and the real L1-RSRP/L1-SINR/L1-RSRQ for the predicted cell or beam.
· RMSE of the predicted L3-RSRP/L3-SINR/L3-RSRQ and the real L3-RSRP/L3-SINR/L3-RSRQ for the predicted cell or beam.
· CDF of difference of the predicted L1-RSRP/L1-SINR/L1-RSRQ and the real L1-RSRP/L1-SINR/L1-RSRQ for the predicted cell or beam.
· CDF of difference of the predicted L3-RSRP/L3-SINR/L3-RSRQ and the real L3-RSRP/L3-SINR/L3-RSRQ for the predicted cell or beam.
In addition to the intermediate KPI, KPIs such as ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, and handover interruption as we discussed in [3] should also be provided to show the system-level performance gain. Besides, companies are suggested to clarify how the RRM measurement prediction results are used in their simulation.
Proposal 10: Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption should be evaluated for RRM measurement prediction to show the system performance gains.
If RRM measurement prediction is used for measurement reduction, the percentage of reduced measurement samples should be presented. The measurement reduction rate can be defined as (number of reduced measurement samples)/(total number of samples originally required for measurement).
Proposal 11: Introduce measurement reduction rate as one KPI to evaluate the gain of measurement reduction. The measurement reduction rate is defined as (number of reduced measurement samples)/(total number of samples originally required for measurement).

3. Conclusion
In the contribution, we have the following observations and proposals:
Background of existing measurement
Observation 1: For the existing NR measurement, cell-level measurement is derived from beam-level measurement.
Observation 2: Both cell-level measurement and beam-level measurement are useful for handover, e.g., cell-level measurement can be used for handover decision and target cell selection, and beam-level measurement can be utilized for dedicated RACH resource configuration.

Potential sub-use cases
Proposal 1: Based on the relationship between cell-level and beam-level measurement predictions, RAN2 to clarify which sub-use case(s) are supported:
· Sub-use case 1: beam-level measurement prediction;
· Sub-use case 2: cell-level measurement prediction;
· Sub-use case 3: hybrid cell-level and beam-level measurement prediction.
Proposal 2: For the RRM measurement prediction, temporal-, spatial- and frequency-domain predictions are in the scope of the SI.
Proposal 3: For the RRM measurement prediction, both SSB and CSI-RS can be considered. The measurement parameters include RSRP, RSRQ and SINR.
Proposal 4: To improve HO performance, temporal-domain RRM measurement prediction is prioritized. 
Proposal 5: To avoid overlap with AI/ML for NG-RAN in RAN3, UE sided model is prioritized. 

Potential scenarios
Proposal 6: To improve mobility robustness, UE may send the cell-level or beam-level measurement predictions to the network. The following scenarios can be considered:
· Short-term prediction to avoid RLF/HOF.
· Long-term prediction to avoid short time of stay/ping-pong handover.

Proposal 7: Measurement reduction based on RRM measurement prediction can be considered in the study item.
Proposal 8: RAN2 to discuss whether to support HOF/RLF prediction and measurement event prediction based on RRM measurement prediction.

[bookmark: _Hlk163155018]Performance KPIs
Proposal 9: Introduce the following intermediate KPIs to evaluate the accuracy of RRM measurement prediction:
· RMSE of the predicted L1-RSRP/L1-SINR/L1-RSRQ and the real L1-RSRP/L1-SINR/L1-RSRQ for the predicted cell or beam.
· RMSE of the predicted L3-RSRP/L3-SINR/L3-RSRQ and the real L3-RSRP/L3-SINR/L3-RSRQ for the predicted cell or beam.
· CDF of difference of the predicted L1-RSRP/L1-SINR/L1-RSRQ and the real L1-RSRP/L1-SINR/L1-RSRQ for the predicted cell or beam.
· CDF of difference of the predicted L3-RSRP/L3-SINR/L3-RSRQ and the real L3-RSRP/L3-SINR/L3-RSRQ for the predicted cell or beam.
Proposal 10: Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption should be evaluated for RRM measurement prediction to show the system performance gains.
Proposal 11: Introduce measurement reduction rate as one KPI to evaluate the gain of measurement reduction. The measurement reduction rate is defined as (number of reduced measurement samples)/(total number of samples originally required for measurement).
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