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1. Introduction
In the RAN1 #112bis-e sub use cases and potential specification impacts for beam management have been further discussed. Some agreements were achieved as summarized below [1]Agreement
Regarding the data collection at UE side for UE-side AI/ML model, study the potential specification impact of UE reporting to network from the following aspect
· Supported/preferred configurations of DL RS transmission 
· Other aspect(s) is not precluded

Agreement
Regarding the data collection at UE side for UE-side AI/ML model, study the potential specification impact (if any) to initiate/trigger data collection from RAN1 point of view by considering the following options as a starting point 
· Option 1: data collection initiated/triggered by configuration from NW 
· Option 2: request from UE for data collection 
· FFS: details

Agreement
Regarding data collection for NW-side AI/ML model, study the following options (including the combination of options) for the contents of collected data, 
· Opt.1: M1 L1-RSRPs (corresponding to M1 beams) with the indication of beams (beam pairs) based on the measurement corresponding to a beam set, where M1 can be larger than 4, if applicable
· FFS: the range of M1
· Opt.2: M2 L1-RSRPs (corresponding to M2 beams) based on the measurement corresponding to a beam set, where M2 can be larger than 4, if applicable
· FFS: the range of M2
· Opt.3: M3 beam (beam pair) indices based on the measurement corresponding to a beam set, where M3 can be larger than 4, if applicable
· FFS: the range of M3
· FFS: How to select the M1/M2/M3 beam(s) or beam pair(s)
· Note: Overhead, UE complexity and power consumption should be considered for the above options








Agreement
Regarding data collection for NW-side AI/ML model, study necessity, benefits and beam-management-specific potential specification impact from RAN1 point of view on the following additional aspects 
· Mechanism related to the reporting
· Additional information for content of the reporting
· FFS:  Information associated with or configured for the reported data samples, e.g., timestamps, SNR, data quality, etc.
· Reporting overhead reduction
· Note1: non-3GPP based solution is a separate issue. 
· Note2: The framework corresponding to higher layer(s) are up to the associated WG(s)
· Note 3: Overhead, UE complexity and power consumption should be considered 

Agreement
For AI/ML performance monitoring for BM-Case1 and BM-Case2, study potential specification impact of at least the following alternatives as the benchmark/reference (if applicable) for performance comparison:
· Alt.1: The best beam(s) obtained by measuring beams of a set indicated by gNB (e.g., Beams from Set A)
· FFS: gNB configures one or multiple sets for one or multiple benchmarks/references
· Alt.4: Measurements of the predicted best beam(s) corresponding to model output (e.g., Comparison between actual L1-RSRP and predicted RSRP of predicted Top-1/K Beams)
· FFS:
· Alt.3: The beam corresponding to some or all the indicated/activated TCI state(s)   
· Other alternative is not precluded. 



In this paper, we follow up on the recently made agreements and the status of the discussion in general as it is captured in the FL summary [2].

1. Specification impact
Data collection for NW-side AI/ML
Regarding the data collection for NW-side AI/ML, when UE report L1-RSRP and/or beam indication of a measured beam set to network, we need to define a rule to align the understanding of the specific beams (beam pairs).

For DL Tx beam prediction, UE needs to report the DL TX beam indication to network explicitly or implicitly, the explicit method can reuse CRI/SSBRI, the implicit method can report the beam info with the same order as the configuration order of a beam set.

Proposal 1: Regarding the data collection for NW-side AI/ML, for DL TX beam prediction, 
· Use CRI/SSBRI to indicate the TX beam in the measurement reports explicitly
· Use the same beam order as the configuration order of a beam set to indicate the TX beam in the measurement reports implicitly

For beam pair prediction, the RX beam id is allocated by UE, different UEs may have different mechanism to set the RX beam id, so the RX beam id should be reported to network explicitly or implicitly, for different data collection options, we give some suggestion listed in the following table.

Table-1 Data collection method for NW-side beam pair prediction
	Data collection options
	Beam pair info to report

	Opt1: M1 L1-RSRPs with the indication of beam pairs
	Indicate the beam pair explicitly, the report format may like below
(CRI_1/SSBRI_1,  Rx_beam_1,  L1-RSRP_11)
(CRI_1/SSBRI_1,  Rx_beam_2,  L1-RSRP_12)
(CRI_1/SSBRI_1,  Rx_beam_3,  L1-RSRP_13)
……..
(CRI_1/SSBRI_1,  Rx_beam_N,  L1-RSRP_1N)
(CRI_2/SSBRI_2,  Rx_beam_1,  L1-RSRP_21)
(CRI_2/SSBRI_2,  Rx_beam_2,  L1-RSRP_22)
(CRI_2/SSBRI_2,  Rx_beam_3,  L1-RSRP_23)
……..
(CRI_2/SSBRI_2,  Rx_beam_N,  L1-RSRP_2N)
……..


	Opt2: M2 L1-RSRPs
	Indicate the beam pair implicitly, arrange the report result in a predefined order, such as below
(L1-RSRP_11)---corresponding to beam pair(CRI_1/SSBRI_1,Rx_beam_1)
(L1-RSRP_12)---corresponding to beam pair(CRI_1/SSBRI_1,Rx_beam_2)
…
(L1-RSRP_1N)---corresponding to beampair(CRI_1/SSBRI_1,Rx_beam_N)
(L1-RSRP_21) ---corresponding to beampair(CRI_2/SSBRI_1,Rx_beam_1)
(L1-RSRP_22) ---corresponding to beampair(CRI_2/SSBRI_1,Rx_beam_2)
…..



	Opt3: M3 beam pair indices
	Indicate the beam pair explicitly, arrange the beam pair in a predefined order, such as from the beam pair with the strongest L1-RSRP to the beam pair with lower L1-RSRP
(CRI_X1/SSBRI_X1, Rx_beam_Y1)—the beam pair (X1,Y1) with 1st strongest L1-RSRP
(CRI_X2/SSBRI_X2, Rx_beam_Y2)—the beam pair (X2,Y2) with 2rd strongest L1-RSRP
….





Proposal 2: Regarding the data collection for NW-side AI/ML, for beam pair prediction,
· The Rx beam id should be allocated by UE, the range of the Rx beam id should be defined (e.g. 1 to total Rx beam number of UE)
· For option1, UE report the beam pair explicitly, the format can be (CRI/SSBRI, RX beam id, L1-RSRP)
· For option2, arrange the report result with a predefined order, which is corresponding to the beam pair implicitly
· For option3, arrange the beam pair with a predefined order (e.g. from beam pair with strongest L1-RSRP to beam pair with lower L1-RSRP)



Inference for NW-side AI/ML
For the NW-side AI/ML mode, the procedure for inference may like bellow:
[image: ]
Figure-1 Procedure for NW-side AI/ML inference


gNB can send a measurement configuration to UE with required RX beam number X, UE will select X RX beams and measure the transmitted TX beams with the selected RX beams. gNB can change X to balance the beam prediction accuracy and overhead. For beam pair prediction, gNB should indicate the RX beam id to UE.
Proposal 3: For BM-Case1 and BM-Case2 with a network-side AI/ML model, define a specific measurement configuration for AI/ML inference and define a RX beam number to balance the performance and overhead.

Proposal 4: For a network-side AI/ML model inference, define a specific signaling to indicate the RX beam id to UE for the beam pair prediction scenario.


Monitoring
For UE-side models under BM-Case1 and BM-Case2, further considerations are required and in RAN1#110bis-e, the following agreements have been made:Agreement
For BM-Case1 and BM-Case2 with a UE-side AI/ML model, study the following alternatives for model monitoring with potential down-selection: 
· Atl1. UE-side Model monitoring
· UE monitors the performance metric(s) 
· UE makes decision(s) of model selection/activation/ deactivation/switching/fallback operation
· Atl2. NW-side Model monitoring
· NW monitors the performance metric(s) 
· NW makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation
· Alt3. Hybrid model monitoring
· UE monitors the performance metric(s) 
· NW makes decision(s) of model selection/activation/ deactivation/switching/ fallback operation


In RAN1 112bis-e, different alternatives of performance monitoring have been discussed, in our view, we can discuss the spec impact of different alternatives as a start point, including the signaling to configure the monitoring resource and report the performance metrics(s), for the LCM operation, we can discuss it separately.


Proposal 5: For BM-Case1 and BM-Case2 with a UE-side AI/ML model, regarding performance monitoring，study the following aspects as a starting point including the study of necessity:
· Request/signaling from UE to gNB for measurement
· Configuration/Signaling from gNB to UE for measurement and/or reporting
· UE calculates the performance metric(s) and report it to gNB

1. Conclusion
In this paper, we have discussed some details on BM-Case1 and BM-Case2. We have the following observations and proposals:

Proposal 1: Regarding the data collection for NW-side AI/ML, for DL TX beam prediction, 
· Use CRI/SSBRI to indicate the TX beam in the measurement reports explicitly
· Use the same beam order as the configuration order of a beam set to indicate the TX beam in the measurement reports implicitly

Proposal 2: Regarding the data collection for NW-side AI/ML, for beam pair prediction,
· The Rx beam id should be allocated by UE, the range of the Rx beam id should be defined (e.g. 1 to total Rx beam number of UE)
· For option1, UE report the beam pair explicitly, the format can be (CRI/SSBRI, RX beam id, L1-RSRP)
· For option2, arrange the report result with a predefined order, which is corresponding to the beam pair implicitly
· For option3, arrange the beam pair with a predefined order (e.g. from beam pair with strongest L1-RSRP to beam pair with lower L1-RSRP)


Proposal 3: For BM-Case1 and BM-Case2 with a network-side AI/ML model, define a specific measurement configuration for AI/ML inference and define a RX beam number to balance the performance and overhead.

Proposal 4: For a network-side AI/ML model inference, define a specific signaling to indicate the RX beam id to UE for the beam pair prediction scenario.


Proposal 5: For BM-Case1 and BM-Case2 with a UE-side AI/ML model, regarding performance monitoring，study the following aspects as a starting point including the study of necessity:
· Request/signaling from UE to gNB for measurement
· Configuration/Signaling from gNB to UE for measurement and/or reporting
· UE calculates the performance metric(s) and report it to gNB
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