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1. [bookmark: _Ref521334010]Introduction
In RP-234039[1], the following WIDs on AI/ML Beam management have been agreed.
Beam management - DL Tx beam prediction for both UE-sided model and NW-sided model, encompassing [RAN1/RAN2]:
- Spatial-domain DL Tx beam prediction for Set A of beams based on measurement results of Set B of beams (“BM-Case1”).
- Temporal DL Tx beam prediction for Set A of beams based on the historic measurement results of Set B of beams (“BM-Case2”).
- Specify necessary signaling/mechanism(s) to facilitate LCM operations specific to the Beam Management use cases, if any.
- Enabling method(s) to ensure consistency between training and inference regarding NW-side additional conditions (if identified) for inference at UE.
NOTE: Strive for common framework design to support both BM-Case1 and BM-Case2.
In NR, beam pairing and refinement are managed by the P1/P2/P3 processes in the DL, which are dedicated to beam management (BM). Specifically, P1 handles initial beam pairing, while P2 and P3 respectively handle Tx and Rx beam refinement. With the incorporation of AI/ML into conventional beam management, the specification must consider the implications of this integration and provide adequate enhancements to signaling and procedures to support AI/ML-based beam management.
2. Discussion
2.1   How Beam Management Integrates with AI
In practice, different RSs may be transmitted sequentially for beam pairing and refinement. For instance, during the initial phase (P1), the gNB may transmit a group of synchronization signal blocks (SSBs) using wide beams, and the UE measures the quality of all beams based on their reference signal received powers (RSRPs) through one of the receive beams. Periodically, several other SSB groups are transmitted, and the UE measures the RSRP through other receive beams. After traversing all Tx and Rx beam pairs, the gNB and UE identify the best wide beam pair.
In P2, the gNB sends the CSI-RSs using narrow beams that are within the steering area of the wide beam pair found in P1. The gNB sweeps the Tx narrow beams in a limited area covered by the best Tx wide beam, and the UE measures the RSRP through the best Rx wide beam. After traversing all Tx narrow beams, the gNB identifies the best Tx narrow beam.
In P3, the gNB sends the CSI-RSs using the best Tx narrow beam, and the UE measures the RSRPs through sweeping the Rx narrow beams. After traversing all Rx narrow beams, the UE identifies the best Rx narrow beam.
The beam measurement procedure carried out by P1/P2/P3 can be time-consuming. For instance, if P1 has M Tx beams and N Rx beams, and P2 and P3 have K Tx beams and L Rx beams respectively, the entire beam measurement procedure will need to traverse all MN+KL beam pairs to identify the best narrow beam pair. Moreover, frequent UL/DL signaling of configurations and reports for beam measurement can result in significant overhead.
To reduce the signaling overhead and latency associated with conventional beam management, beam prediction (BP) techniques are being considered. BP can alleviate the burden of exhaustive beam search by predicting the best beam(s) based on a small set of measured beams, aided by AI/ML models. This approach reduces the resource overhead for sending the RS, the latency caused by beam sweeping, and the time and energy consumption associated with frequent measurements.
The introduction of AI/ML beam prediction into the conventional BM procedure can occur at multiple levels, which are listed below.
· Scenario -1: P1/P2/AI 
	Process
	Functionality
	Description

	P1
	Beam Selection
	gNB sweeps TRP beam, and UE sweeps UE beam and select a best one and report it to gNB

	P2
	Beam Refinement for Tx (gNB Tx)
	gNB refines beam and UE detects the best one and report it to gNB

	P3
	Beam Refinement for Rx (UE Rx)
	gNB fixes a beam and UE refines its receiver beam by AI-empowered BP (UE-side model). 


In scenario -1, BP is used to reduce the overhead associated with beam sweeping when refining UE Rx beams. If a UE-side model is used, it is a straightforward UE-side implementation. However, if an NW-side model is used, it introduces additional signaling overhead that is unnecessary.
· [bookmark: _Hlk158121690]Scenario-2: AI/P2/P3
	Process
	Functionality
	Description

	P1
	Beam Selection
	gNB sweeps TRP beam, and UE sweeps UE beam and obtain a set of measurements, UE reports the measurements (NW-side model) or predicted results (UE-side model) and reports it to gNB

	P2
	Beam Refinement for Tx (gNB Tx)
	gNB refines beam and UE detects the best one and report it to gNB

	P3
	Beam Refinement for Rx (UE Rx)
	gNB fixes a beam and UE refines its receiver beam. 


In scenario-2, BP is used to reduce the overhead associated with beam sweeping when selecting gNB Tx beams in P1. Specifically, it uses a subset of SSB beams to predict the optimal wide beam(s), instead of an exhaustive search over all SSB beams. As a result, the necessary configurations and reports related to AI/ML BP functionality must be signaled between the gNB and UE.
· Scenario -3: P1/AI/AI or P1/AI/P3
	Process
	Functionality
	Description

	P1
	Beam Selection
	gNB sweeps TRP beam, and UE sweeps UE beam and selects a best wide beam and report it to gNB

	P2
	Beam Refinement for Tx (gNB Tx)
	gNB refines narrow beam based on the UE report including predicted results (UE-side model) or the measurements (NW-side model).

	P3
	Beam Refinement for Rx (UE Rx)
	gNB fixes a beam (transmit the same beam repeatedly) and UE refines its receiver beam by AI-empowered BP (UE-side model), or UE detects the best one and reports it to gNB. 


In scenario-3, BP is used to reduce the overhead associated with beam sweeping when refining the gNB Tx beams and/or UE Rx beams in P2 and/or P3. Specifically, it uses a subset of CSI-RS beams to predict the optimal narrow beam(s), instead of an exhaustive search over all CSI-RS beams. As a result, the necessary configurations and reports related to AI/ML beam prediction must be signaled between the gNB and UE. However, similar to scenario-0, enabling AI in P3 could be a UE-side implementation, thus having no standard impact.
· Scenario -4: Cross Phase AI BP
	[bookmark: _Hlk157760842]Process
	Functionality
	Description

	P1
	Beam Selection
	gNB sweeps TRP beam, and UE sweeps UE beam and obtains a set of measurements, UE reports the measurement or predicted results and report it to gNB.

	P2
	Beam Refinement
	gNB fixes a beam and UE refines its receiver beam by AI-empowered BP (UE-side model), or UE detects the best one and reports it to gNB.


In scenario-4, BP is used to reduce the overhead associated with beam sweeping when selecting gNB Tx beams in P1 and P2. Specifically, it uses a subset or all of the SSB beams to predict the optimal beam(s) selected from the CSI-RS beams, instead of a two-stage exhaustive search over all beams in P1/P2/P3. As a result, the necessary configurations and reports related to AI/ML beam prediction must be signaled between the gNB and UE.
Based on above analysis, we have the following observations.
Observation 1: Conventional approaches to beam pairing/refinement can be completely or partially replaced by AI/ML beam prediction.
Observation 2: The specification for support of AI/ML beam management should be defined for different scenarios where AI/ML beam prediction is involved in different phases of conventional beam management.
2.2  Impact of AI/ML to Beam Measurement 
The performance of AI/ML beam prediction depends on both the model and the input measurements. To generate the labels and AI/ML inputs, new RSRP and SSBRI/CRI report behaviors may need to be collected. Therefore, the pattern of sparse beam measurements needs to be discussed.
The beam pattern goes beyond deciding the relationship between beam set B and beam set A. Set B comprises sparse samplings in the spatial domain through RS measurements, and the beam measurements alone constitute a pattern. The challenge in deciding the pattern of set B is how to capture the spatial features to the fullest extent with sparse samplings. Generally, samples near the connected beam will have higher correlations for low-speed UEs, while samples far from the connected beams will have lower correlations for low-speed UEs. Thus, the patterns of set B can be designed following the distribution of correlation in the spatial domain. The spatial correlation between the samples depends on the physical channel geometry in the long term, while being affected by UE mobility in the short term. Therefore, both fixed regular patterns, where beams are spatially sampled with equal density while repeating across time, and random patterns, where beams are sampled with different densities generated randomly in different time durations, should be considered.
We have the following proposal based on above analysis.
Proposal 1: Measurement patterns for AI/ML beam management should be designed for spatial domain beam prediction, and should consider both the fixed regular and random patterns.
2.3  Impact of AI/ML to Report Information
Based on current working assumptions, the report quantities for AI/ML beam prediction may include the following:
· Probability of each beam in Set A to be the Top-1 beam and the predicted L1-RSRPs.
· Top-1/N beam(s) among Set A of beams can be predicted and/or potentially with predicted L1-RSRPs. 
· Other choices are not precluded.
However, the BM-related report in the current specification only includes L1-RSRP up to four at one report instance, which obviously cannot fulfill the requirements of the working assumption on AI/ML beam prediction. Therefore, a signaling design for BM-related reports is necessary. This could start with enhancing the L1-RSRP report to include increasing numbers of L1-RSRPs, as well as other additional information such as beam IDs. Meanwhile, in order to fetch additional information for AI/ML beam management, dedicated or enhanced RS design is required to conduct accurate measurements that adapt to the AI/ML model requirements.
Based on the above analysis, we propose the following:
Proposal 2: The specification should consider AI/ML beam prediction related reports, and the starting point could be an enhancement of L1-RSRP report. However, dedicated signaling design is not precluded.

3. Conclusion
In this contribution, we make the following observations and proposals.
Observation 1: Conventional approaches to beam pairing/refinement can be completely or partially replaced by AI/ML beam prediction.
Observation 2: The specification for support of AI/ML beam management should be defined for different scenarios where AI/ML beam prediction is involved in different phases of conventional beam management.
Proposal 1: Measurement patterns for AI/ML beam management should be designed for spatial domain beam prediction, and should consider both the fixed regular and random patterns.
Proposal 2: The specification should consider AI/ML beam prediction related reports, and the starting point could be an enhancement of L1-RSRP report. However, dedicated signaling design is not precluded.
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