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1. Introduction
During the RAN#102 meeting, the SID on “Study on Artificial Intelligence (AI)/Machine Learning (ML) for mobility in NR”[1] was approved. The SID describes the study scope of the AI/ML-aided mobility enhancements, as below,
Study and evaluate potential benefits and gains of AI/ML aided mobility for network triggered L3-based handover, considering the following aspects:
· 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]

· 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]
· 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]

During RAN2 #125bis meetings, it was agreed to start the simulations for the following items regarding the RRM measurement prediction on both FR1 and FR2 [2]. 
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

There are some remaining evaluation methodology issues among these evaluations, especially in inter-frequency scenarios, which are discussed in this paper.
2. Remaining evaluation methodology issues in inter-frequency scenarios
2.1 Frequency selection for inter-frequency scenarios
During RAN2 #125bis meetings, it has been agreed that 4GHz as the central frequency and FFS other band [2],
	6 For FR1, band n77/n78 is considered with 4GHz as the central frequency. FFS any other band


Another band should be selected for evaluating inter-frequency scenarios. Due to the piece-wise spectrum allocation for mobile networks, especially on FR1, the spectrums operated by each individual MNO worldwide are quite different and complicated. It is hard to find a common combination of bands nor to evaluate every combination. Therefore, we suggest selecting some typical frequencies for the evaluation to demonstrate the capability of AI/ML-based prediction on the frequency domain.
For AI/ML-based RRM measurement prediction, it is worth studying how far AI/ML can accurately predict the frequency domain. As the frequency gap between the two bands increases, the difference in radio propagation characteristics becomes more significant, which makes the prediction more challenging. In communication theory, it usually uses  as a metric to distinguish the systems with different bandwidth. For example, a communication system with  is usually categorized as the wideband system. It is called the ultra-wideband system when . Following this metric, this study can at least check two 2nd carrier frequencies to demonstrate the capability of cross-band prediction of AI/ML. Hence, we have the following proposals,
Proposal 1
· For inter-frequency RRM measurement prediction, consider the following 2 subcases,
· Subcase 1: Small frequency gap prediction with  , e.g., 4 GHz and 3.5 GHz with 500 MHz gap.
· Subcase 2: Large frequency gap prediction with  , e.g., 4 GHz and 2 GHz with 2 GHz gap.
· Note: Companies choose and report the selected frequencies for the 2nd band given .
2.2 Frequency-correlated channel models
During RAN2 #125bis meetings, it was agreed that existing channel models should be used to evaluate the inter-frequency scenarios [2]. In TR38.901[3], two frequency-correlated channel models are introduced, which are,
· Model 1: Descriptions under the main ballet of Section 7.6.5.
· Model 2: Descriptions in Section 7.6.5.1.
Both channels generate the same cluster delays and angles (AoA, AoD, ZoA, and ZoD) for all frequency bands. However, the cluster powers are band-specific to satisfy the different RMS delay spreads for different bands. Both model methodologies imply that the radio waves for a pair of gNB and UE with varying carrier frequencies propagate through the same environment, i.e., the same scatters in space. This reflects the co-located deployment of antennas for different bands. The antennas of multiple bands have similar boresight, down-tilt, and sector configurations.
The principles of these two channel models allow them to be used to evaluate inter-frequency prediction with co-located deployments. The models consider both correlation and difference of multiple bands. The same cluster delays and angles introduce the correlation, while the differences are modeled by different powers, initial phases, etc. The missing part in [3] is that it does not mention the maximum frequency gap these two models can apply. Based on these discussions, we have the following observations,
Observation 1
· Both models consider the same cluster delays and angles, which implies the same propagation environments for the radio signals of two bands. They can be used to model the co-located deployments of multiple bands with the same cluster and boresight configurations.
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Figure 1 CDF of RMS DS generated from Model 1 in TR38.901.
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Figure 2 CDF of RMS DS generated from Model 2 in TR38.901.
To verify the effectiveness of the model, we generate the frequency-correlated channels following the descriptions in Section 7.6.5 of TR38.901 [3] and calculate the RMS delay spread of the obtained channels. We test the models based on the UMa scenario with NLoS propagation conditions. 
For Model 1, the channels for one frequency band are generated independently, and the channels for the other band are generated based on the first band. For Model 2, an anchor frequency band is assumed (which may be one of the bands), and the channels of all bands are generated based on the anchor.
For Model 1, Figure 1 shows the CDF of RMS delay spread (DS) of the generated channel on the 4GHz band from the 2GHz band (2 GHz frequency gap) and the case on 4GHz from the 3.5GHz band (500 MHz frequency gap). For comparison, we also generate the channels independently for all bands and plot the CDF of RMS DS on the figures. 
Figure 2 shows the corresponding results obtained with Model 2, where the anchor frequency is 2 GHz.
From the CDF on the figures, we have the following observations,
Observation 2
· From simulation results, both Model 1 and Model 2 in TR38.901 generate the frequency-correlated channels for multiple frequency bands, which RMS DS of generated channels on each band is similar to the independently generated ones, considering the 500 MHz or 2 GHz frequency gap in FR1.
Based on the Observations 1 and 2, we have the following proposals,
Proposal 2
· RAN2 assumes that the models in Section 7.6.5 of TR38.901 can be used for inter-frequency simulations of FR1 with co-located deployments, where two co-located gNBs have the same cluster configuration and boresight.
· Examples of frequencies to be simulated are (4 GHz, 2 GHz) or (4 GHz, 3.5GHz).
· RAN2 may ask RAN1 to confirm this assumption and check whether these two models can be applied to other cases, such as FR2-to-FR2 and FR1-to-FR2 cases and application conditions.
2.3 KPIs on measurement overhead reduction for inter-frequency measurement prediction
For spatial and temporal prediction, the ongoing Post RAN2 #125bis email discussions suggest the following overhead reduction KPIs,
· Measurement reduction rate in the temporal domain (MRRT):
· MRRT= skipped measurement time instances / total measurement time instances
· Measurement reduction rate in the spatial domain (MRRS):
· MRRS = skipped beams to be measured/ total beams to be measured
Following a similar principle, the measurement reduction rate should also be defined for inter-frequency prediction and jointly multiple-domain prediction. The main benefit of inter-frequency prediction is the reduction of necessary measurement gaps, which reduces the interruption of normal traffic transmissions and improves UE throughput. Therefore, we suggest the measurement overhead reduction in the frequency domain be defined with respect to the measurement gap, as in the following proposals.
Proposal 3
· For inter-frequency prediction, following the same logic of  MRRT and MRRS definitions, define the measurement reduction rate in the frequency domain (MRRF) as,
· MRRF = skipped measurement gaps / total measurement gaps
· The total measurement gaps are the ones legacy non-AI/ML RRM measurements need.
· Multiple measurement reduction rates (combinations of MRRT, MRRS, and MRRF) are reported for the joint RRM measurement prediction over multiple domains.
3. Conclusion
In this contribution, we have the following observations and proposals,
Observation 1
· Both models consider the same cluster delays and angles, which implies the same propagation environments for the radio signals of two bands. They can be used to model the co-located deployments of multiple bands with the same cluster and boresight configurations.
Observation 2
· From simulation results, both Model 1 and Model 2 in TR38.901 generate the frequency-correlated channels for multiple frequency bands, which RMS DS of generated channels on each band is similar to the independently generated ones, considering the 500 MHz or 2 GHz frequency gap in FR1.
Proposal 1
· For inter-frequency RRM measurement prediction, consider the following 2 subcases,
· Subcase 1: Small frequency gap prediction with  , e.g., 4 GHz and 3.5 GHz with 500 MHz gap.
· Subcase 2: Large frequency gap prediction with  , e.g., 4 GHz and 2 GHz with 2 GHz gap.
· Note: Companies choose and report the selected frequencies for the 2nd band given .
Proposal 2
· RAN2 assumes that the models in Section 7.6.5 of TR38.901 can be used for inter-frequency simulations of FR1 with co-located deployments, where two co-located gNBs have the same cluster configuration and boresight.
· Examples of frequencies to be simulated are (4 GHz, 2 GHz) or (4 GHz, 3.5GHz).
· RAN2 may ask RAN1 to confirm this assumption and check whether these two models can be applied to other cases, such as FR2-to-FR2 and FR1-to-FR2 cases and application conditions.
Proposal 3
· For inter-frequency prediction, following the same logic of  MRRT and MRRS definitions, define the measurement reduction rate in the frequency domain (MRRF) as,
· MRRF = skipped measurement gaps / total measurement gaps
· The total measurement gaps are the ones legacy non-AI/ML RRM measurements need.
· Multiple measurement reduction rates (combinations of MRRT, MRRS, and MRRF) are reported for the joint RRM measurement prediction over multiple domains.
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