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[bookmark: _Ref5850594]Introduction
At RAN1 110, the following agreements were made regarding other aspects on AI/ML for beam management:

Agreement 
For the sub use case BM-Case1, support the following alternatives for further study:
· Alt.1: Set A and Set B are different (Set B is NOT a subset of Set A)
· Alt.2: Set B is a subset of Set A
· Note1: Set A is for DL beam prediction and Set B is for DL beam measurement.
· Note2: The beam patterns of Set A and Set B can be clarified by the companies.

Agreement
For the data collection for AI/ML model training (if supported), study the following aspects as a starting point for potential necessary specification impact:
· Signaling/configuration/measurement/report for data collection, e.g., signaling aspects related to assistance information (if supported), Reference signals
· Content/type of the collected data
· Other aspect(s) is not precluded

Agreement 
At least for the sub use case BM-Case1 and BM-Case2, support both Alt.1 and Alt.2 for the study of AI/ML model training:
· [bookmark: _Hlk112985385]Alt.1: AI/ML model training at NW side;
· Alt.2: AI/ML model training at UE side.
Note: Whether it is online or offline training is a separate discussion.

Agreement 
For the sub use case BM-Case1 and BM-Case2, further study the following alternatives for the predicted beams:
· Alt.1: DL Tx beam prediction
· Alt.2: DL Rx beam prediction
· Alt.3: Beam pair prediction (a beam pair consists of a DL Tx beam and a corresponding DL Rx beam)
· Note1: DL Rx beam prediction may or may not have spec impact


Agreement
[bookmark: _Hlk112987306]For the sub use case BM-Case2, further study the following alternatives:
· Alt.1: Set A and Set B are different (Set B is NOT a subset of Set A)
· Alt.2: Set B is a subset of Set A (Set A and Set B are not the same)
· Alt.3: Set A and Set B are the same
· Note1: The beam pattern of Set A and Set B can be clarified by the companies.

Agreement
Regarding the model monitoring for BM-Case1 and BM-Case2, to investigate specification impacts from the following aspects
· Performance metric(s)
· Benchmark/reference for the performance comparison
· Signaling/configuration/measurement/report for model monitoring, e.g., signaling aspects related to assistance information (if supported), Reference signals
· Other aspect(s) is not precluded


Agreement 
In order to facilitate the AI/ML model inference, study the following aspects as a starting point:
· Enhanced or new configurations/UE reporting/UE measurement, e.g., Enhanced or new beam measurement and/or beam reporting
· Enhanced or new signaling for measurement configuration/triggering
· Signaling of assistance information (if applicable)
· Other aspect(s) is not precluded

Agreement
Regarding the sub use case BM-Case1 and BM-Case2, study the following alternatives for AI/ML output:
· Alt.1: Tx and/or Rx Beam ID(s) and/or the predicted L1-RSRP of the N predicted DL Tx and/or Rx beams 
· E.g., N predicted beams can be the top-N predicted beams
· Alt.2: Tx and/or Rx Beam ID(s) of the N predicted DL Tx and/or Rx beams and  other information
· FFS: other information (e.g., probability for the beam to be the best beam, the associated confidence, beam application time/dwelling time, Predicted Beam failure) 
· E.g., N predicted beams can be the top-N predicted beams
· Alt.3: Tx and/or Rx Beam angle(s) and/or the predicted L1-RSRP of the N predicted DL Tx and/or Rx beams
· E.g., N predicted beams can be the top-N predicted beams
· FFS: details of Beam angle(s)
· FFS: how to select the N DL Tx and/or Rx beams (e.g., L1-RSRP higher than a threshold, a sum probability of being the best beams higher than a threshold, RSRP corresponding to the expected Tx and/or Rx beam direction(s))
· Note1: It is up to companies to provide other alternative(s) 
· Note2: Beam ID is only used for discussion purpose
· Note3: All the outputs are “nominal” and only for discussion purpose
· Note4: Values of N is up to each company. 
· Note5: All of the outputs in the above alternatives may vary based on whether the AI/ML model inference is at UE side or gNB side.
· Note 6: The Top-N beam IDs might have been derived via post-processing of the ML-model output

In this document, we refer to the above-mentioned agreements for the beam management use case. We primarily discuss the signalling aspects to facilitate AI/ML-based solutions as well as singling aspects that can be defined as a result of AI/ML-based methodologies. The rest of the document is organized as follows. In Section 2 we include the aspects and proposals that are common to both spatial and temporal beam prediction and later in Section 3 and 4 we discuss aspects that are specific to spatial and temporal beam prediction, respectively. In Section 5, we discuss AI/ML model performance monitoring.

Common aspects related to spatial and temporal beam prediction
Because some of the specification aspects related to the two agreed use case cases (BM-Case1 and BM-Case2) are identical, we first consider the spec impacts that are common to both use cases in this section, and then consider aspects specific to each use case in later sections. We consider different phases of ML workflow in the following sections and discuss the corresponding specification impact related to each phase.

Spec impact for model development and training phase
[bookmark: _Hlk100867512]Model development and training strategies is a multi-faceted problem that require extensive testing and tuning. As elaborated in [1], on-device models today and in the near future need offline engineering for model development. This includes model development, training, quantization, compiling the model to hardware primitives with power, area, and latency consideration, target-chip-specific run-time binary image generation, and going through full UE testing. This is like today’s non-ML implementations that go through similar offline development and extensive UE testing, and ML algorithms will not be exceptions. Various options can be discussed in RAN1 in terms of different levels of network control, but offline development and training should be the focus to guarantee a concrete outcome that can lead to specification work in the potential Rel-19 WI. In RAN1 #110 meeting, it is agreed that both alternatives of AI/ML model training at NW side and AI/ML model training at UE side should be supported, but the issue of online versus offline training is considered as a separate discussion. The following proposal addresses the training procedure for beam prediction (one-sided AI/ML) use cases.

Proposal 1: For training of UE-side AI/ML model for beam prediction (BM-Case1 and BM-Case2), focus should be on offline training scenario, in which the development and training of the AI/ML model happens offline without the need to involve 3gpp signaling.

In RAN1 109e and RAN1 110 two agreements were made stating that AI/ML training and AI/ML inference can be done at UE side and/or gNB side. Given that we are proposing offline training for the beam prediction use cases, we believe the training should happen without the need to involve 3gpp signalling. For one-sided AI/ML models (which is the case for beam prediction use cases) we believe the training and inference should both be done at UE side for UE-side AI/ML models and at gNB side for gNB-side AI/ML models. The prospect of training at one side and inference at the other side which would inevitably involve one side performing data collection for the other side and AI/ML model transfer, is out of the scope of this agenda item and should be discussed in the “general frameworks” agenda item.

Assistance information to help with data collection for training
Example: UE may benefit from assistance information from gNB which may in turn be used as auxiliary inputs to on-device models for beam prediction. Some examples of such assistance information could be beam pointing angles, 3dB beamwidth, and/or beam shape of gNB beams. Other example of such assistance information could be information about gNB antenna array structure. Note that indication of gNB beam shape to UE has been included as a feature in the positioning context [2]. Having such assistance information in addition to beam IDs has several benefits including better sample efficiency and better model generalization, as outlined in [1].

If UE has access to such assistance information, there are two methodologies that could be utilized for UE-side models. The first methodology is for the UE to train a large AI/ML model and use assistance information from gNB as auxiliary inputs to AI/ML models. With this methodology, the purpose is to boost the generalization capability of AI/ML model using the assistance information. The second methodology is to train multiple (smaller) neural networks that are each intended for a given set of scenarios/configurations characterized by the assistance information from gNB. 

Proposal 2: Study the signalling aspects related to gNB sending assistance information to help UE with data collection for training.
· Examples of such assistance information: information about gNB beam shape, beam boresight directions, 3dB beamwidth, information about gNB antenna array structure, etc.

Spec impact for inference phase
Prediction of information about beams in temporal and spatial domains may lead to different signalling implications based on the node in which the prediction task is carried out. In the following, the signalling aspects related to UE-side and gNB-side beam prediction is discussed.

UE-side beam prediction
In the following, we consider the two agreed use cases (BM-Case1 and BM-Case2) and describe what signalling aspects can be enabled by beam prediction at UE for each use case, and how this signalling may be beneficial.

UE-side temporal beam prediction: Consider a downlink reference signal (e.g., CSI-RS) that is being sent with a certain periodicity. Predicting information about beams in future time instances may enable enhanced UE L1 report through which the predicted strongest beam ID(s) as well as their associated predicted L1-RSRPs can be reported. Based on this enhanced L1 report, gNB may increase the period of downlink reference signals by relying on temporal UE predictions. This would in turn lead to UE power saving, due to reduced number of downlink RS measurements in a given period of time. Another signalling aspect related to UE-side temporal beam prediction is receiving assistance information from gNB which may enable, enhance, or facilitate the prediction. Some examples of such assistance information are beam pointing angles, 3dB beamwidth or beam shape of gNB beams. Such assistance information may be used as an auxiliary input to on-device models for beam prediction. For instance, if the UE knows the relative direction of gNB beams, given the history of previous beam measurements, it may perform a more informed prediction compared to the scenario in which UE does not have this information.

UE-side spatial domain beam prediction: Let us consider Alt. 2 (Set B is a subset of Set A) agreed for BM-Case1 in RAN1 110. UE may measure only Set B of beams and predict the strongest beam ID(s) optionally along with the corresponding predicted RSRPs for Set A and can report the predicted strongest beam ID(s) optionally along with the corresponding predicted RSRPs to gNB. In addition to reduced reference signal overhead (Set Aà Set B), this would in turn lead to UE power saving, due to reduced number of beam measurements. The number of beams in Set B versus Set A can be determined based on the quality of prediction. For this sub-use case, having information about gNB beam shapes such as knowing the gNB beam boresight directions (along with 3dB beamwidth) for beams from Set A and Set B could enhance the prediction quality and additionally enable richer UE report containing information about gNB beams from Set A (with higher angular resolution). Similar arguments hold true for indication of information about gNB antenna array structure to UE. Such assistance information may be used as an auxiliary input to on-device models for beam prediction.
Observation 1: Based on simulation results in [3], for spatial domain beam prediction (BM-Case1), assistance information from gNB about gNB beam boresight directions and information about gNB antenna array structure is beneficial in boosting spectral efficiency across UEs. 
Now, let us consider Alt. 1 (Set B is not a subset of Set A: Set A consists of narrow beams and Set B consists of wide beams). UE may be able to predict strongest refined beam ID(s) from Set A, e.g., CSI-RS IDs optionally along with their corresponding predicted L1-RSRP values, based on wider beam measurements from Set B, e.g., SSB beam measurements. This may enable enhanced L1 report containing information about predicted refined beams. gNB may use this information to reduce the overhead of refined beams. This would in turn lead to reduced refined downlink RS overhead and UE power saving due to reduced refined beam measurements. For this sub-use case, knowing the gNB beam boresight directions (along with 3dB beamwidth) for wide beams and narrow beams could enhance the prediction quality at UE side. Such assistance information may be used as an auxiliary input to on-device models for beam prediction.

gNB-side beam prediction
Let us consider downlink beam prediction at gNB side. Because only a subset of DL beam measurements at UE are reported to gNB, one of the important signalling aspects related to this scenario is enhancing the L1 report to facilitate and improve beam prediction quality at gNB side. At a high level, increasing the number of beam measurements in UE L1 reports (e.g., through compressing L1 report measurements) and/or increasing the resolution of UE measurements in L1 reports can be considered in this context.

The provision of sending assistance information from UE to gNB should be considered given the inherent practical characteristics and constraints at the UE side. As an example, if we consider signalling of information about UE beam shapes or UE RX beam indices for downlink transmission, it is worth mentioning that UE RX beams (also UE panels) change at a much faster time scale compared to the gNB side, which is comparatively more static. Similar arguments are applicable to beam shapes which may be impacted based on the way the device is being held in hand, etc.

Beam prediction at UE and gNB have different requirements in terms of signalling overhead and the associated beam prediction accuracy. For instance, gNB only has access to a subset of UE measurements and having access to more beam measurements may improve gNB-side beam prediction accuracy. On the other hand, in order for gNB to have access to more UE beam measurements the UE report overhead would inevitably need to increase (at least if we do not consider compression of the report). The trade-off between beam prediction accuracy and required signalling overhead should be considered in the study for UE-side and gNB-side prediction, and the benefits and drawbacks of temporal beam prediction at each side should be identified.

Proposal 3: For BM-Case1 and BM-Case2, study and evaluate the benefits of beam prediction at UE and gNB and the associated signalling needed to assist or enable beam prediction at each side.
· The trade-off between beam prediction accuracy and required signalling overhead for UE-side and gNB-side inference should be considered in the study.
· UE-side inference:
· Study enhanced UE L1 report including information from beam prediction
· Study signalling aspects related to assistance information from gNB to help beam prediction at UE
· gNB-side inference:
· Study enhanced UE L1 report to improve beam prediction quality at gNB


Spec impact related to ML model output

In RAN1 #110, an agreement was made regarding potential outputs of AL/ML models which did not explicitly talk about the resulting signalling implications. Based on this agreement, we have the following proposal which discusses the signalling aspects resulting from the agreement.

[bookmark: _Hlk115363194]Proposal 4: Regarding the sub use case BM-Case1 and BM-Case2, study the following potential signalling enhancements for UE-side inference:
· L1-report enhancement to report Tx beam ID(s) and/or the predicted L1-RSRP(s) of the N predicted DL Tx beams and/or other information (e.g., probability for the beam to be the best beam, the associated confidence, beam application time/dwelling time, predicted beam failure, etc.)
· Note: the enhanced L1-report may distinguish between measured and predicted L1-RSRP(s)
· The predicted L1-RSRP(s) may be for a single or multiple future prediction instances
· L1-report enhancement to report Tx beam angle(s) and/or the predicted L1-RSRP(s) of the N predicted DL Tx beams
· E.g., N predicted beams can be the top-N predicted beams
· FFS: details of Tx beam angle(s), e.g., channel AoA/AoD and/or other parameters 

Specific aspects related to spatial beam prediction
When we consider history of measurements of set B, changes in set B over time (e.g., rotating among different subsets of set A) may improve the performance of the AI/ML spatial prediction scheme. Therefore, mechanisms to support efficient and flexible time variation of set B should be supported by NR.

[bookmark: _Hlk115363225]Proposal 5: For BM-Case1, potential benefits and spec impacts of time-varying set B should be studied

Specific aspects related to temporal prediction
Leveraging historical information about beams (e.g., strongest beam IDs along with their associated RSRPs) may be useful in predicting information about beams in future time instances. A sub use case of temporal beam prediction is beam blockage prediction. Let us assume that a UE can predict blockage based on the history of beam measurements (potentially along with other auxiliary inputs to the AI/ML model such as position information, information from sensors, e.g., camera, etc.). One of the ways that this UE capability could be useful is that UE can proactively indicate to gNB that a blockage is imminent, and the gNB can take this information into account and proactively switch the downlink beam to a secondary beam. The existing methods for beam failure detection and recovery are reactive in nature, in which the blockage event is detected first, and then the beam failure recovery procedure is initiated.

[bookmark: _Hlk115363239]Proposal 6: Study the signalling aspects related to beam blockage/failure prediction, as a sub-use case of temporal beam prediction.

Model performance monitoring
The on-device models trained for the purpose of spatial and temporal beam prediction may be subject to performance degradation in certain scenarios, deployments, or use cases, when they get deployed in the field. One main reason for performance degradation could be the fact that they have not been trained well enough for a particular scenario, deployment, or use case. There needs to be a mechanism defined in Spec through which the performance of on-device temporal beam prediction can be monitored. This mechanism could be in the form of exchanging information about beam prediction quality, which is in turn a function of inference errors at beam prediction instances. Also, there could be a metric defined for beam prediction quality and if a certain criterion is not satisfied, the on-device model could be deactivated. The on-device model may later be activated if it has been sufficiently trained for the deployment scenario and a certain prediction quality requirement has been met. In order for the UE to be able to evaluate on-device beam prediction quality, gNB may provide assistance signalling to help UE in comparing predicted measurements with actual measurements.

Proposal 7: For BM-Case1 and BM-Case2, study the signalling aspects related to exchanging information about beam prediction quality and a metric for beam prediction quality
· Study the impact of beam prediction quality on activating/deactivating AI/ML module at UE.

Proposal 8: For BM-Case1 and BM-Case2, study the signalling aspects related to gNB sending assistance signalling to help UE in comparing predicted measurements with actual measurements.
· This assistance signalling can be in the form of auxiliary reference signals.

Conclusions
In this paper, we discussed signalling aspects related to beam prediction use case for Rel-18 SI and made the following proposals:

Proposal 1: For training of UE-side AI/ML model for beam prediction (BM-Case1 and BM-Case2), focus should be on offline training scenario, in which the development and training of the AI/ML model happens offline without the need to involve 3gpp signaling.

Proposal 2: Study the signalling aspects related to gNB sending assistance information to help UE with data collection for training.
· Examples of such assistance information: information about gNB beam shape, beam boresight directions, 3dB beamwidth, information about gNB antenna array structure, etc.

Observation 1: Based on simulation results in [3], for spatial domain beam prediction (BM-Case1), assistance information from gNB about gNB beam boresight directions and information about gNB antenna array structure is beneficial in boosting spectral efficiency across UEs. 

Proposal 3: For BM-Case1 and BM-Case2, study and evaluate the benefits of beam prediction at UE and gNB and the associated signalling needed to assist or enable beam prediction at each side.
· The trade-off between beam prediction accuracy and required signalling overhead for UE-side and gNB-side inference should be considered in the study.
· UE-side inference:
· Study enhanced UE L1 report including information from beam prediction
· Study signalling aspects related to assistance information from gNB to help beam prediction at UE
· gNB-side inference:
· Study enhanced UE L1 report to improve beam prediction quality at gNB
Proposal 4: Regarding the sub use case BM-Case1 and BM-Case2, study the following potential signalling enhancements for UE-side inference:
· L1-report enhancement to report Tx beam ID(s) and/or the predicted L1-RSRP(s) of the N predicted DL Tx beams and/or other information (e.g., probability for the beam to be the best beam, the associated confidence, beam application time/dwelling time, predicted beam failure, etc.)
· Note: the enhanced L1-report may distinguish between measured and predicted L1-RSRP
· The predicted L1-RSRP(s) may be for a single or multiple future prediction instances
· L1-report enhancement to report Tx beam angle(s) and/or the predicted L1-RSRP of the N predicted DL Tx beams
· E.g., N predicted beams can be the top-N predicted beams
· FFS: details of Tx beam angle(s), e.g., channel AoA/AoD and/or other parameters 

Proposal 5: For BM-Case1, potential benefits and spec impacts of time-varying set B should be studied

Proposal 6: Study the signalling aspects related to beam blockage/failure prediction, as a sub-use case of temporal beam prediction.

Proposal 7: For BM-Case1 and BM-Case2, study the signalling aspects related to exchanging information about beam prediction quality and a metric for beam prediction quality
· Study the impact of beam prediction quality on activating/deactivating AI/ML module at UE.

Proposal 8: For BM-Case1 and BM-Case2, study the signalling aspects related to gNB sending assistance signalling to help UE in comparing predicted measurements with actual measurements.
· This assistance signalling can be in the form of auxiliary reference signals.
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