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Introduction
So far, the following two sub use cases have been agreed for characterization and baseline performance evaluation:
· BM-Case1: Spatial-domain DL beam prediction for Set A of beams based on measurement results of Set B of beams
· BM-Case2: Temporal DL beam prediction for Set A of beams based on the historic measurement results of Set B of beams
In this contribution, we discuss some more details on the above sub use cases and the potential spec impacts. 
Discussion on sub use cases
Assistance information
For DL Tx beam prediction or DL Tx-Rx beam pair prediction, one important information is the spatial relationship among different Tx beams (or called Tx beam pattern information). It can be defined with different level of details. For example, it can be described as beam shape using e.g. beam boresight direction (azimuth and elevation), 3dB beamwidth, etc. Alternatively, it could be sufficient to define relative spatial relation instead of detailed beam shape for each beam, because the detailed beam shape may, on one hand, have risk of disclose proprietary and, on the other hand, not so meaningful due to NLOS. One example of such relative spatial relation could be that, beam#2 is between beam#1 and beam#3. The spatial relationship among Tx beams is inherently available at gNB but not available at UE side.
There are two ways to handle the above mentioned spatial relationship. It can be included as one of inputs to the AI/ML model as assistance information. Or, AL/ML model can be trained with one specific assumption on the spatial beam relationship. In the former case, the AI/ML model is more general and can be applied to different settings of spatial beam relationship. But the performance might not be as good as a specific model dedicated to the specific setting of spatial relationship. In the latter case, the AI/ML model does not need the spatial relationship information as input. But in order to apply to different settings of spatial relationship (e.g. site-specific beam pattern), multiple models need to be trained.      
In case of UE-side inference, the spatial relationship information needs to be made available at UE side for the prediction of DL Tx beam or DL Tx-Rx beam pair. For example, if the AI/ML model requires the spatial relationship as one of inputs, then spatial relationship among Tx beams needs to be signaled to the UE explicitly. On the other hand, if multiple models have been trained with each corresponding to one specific assumption of Tx beam relationship, NW can activate one of the models corresponding to the site-specific beam pattern at the UE side. In this case, the spatial relationship information is rather implicitly signaled to the UE by the model itself.
In case of NW-side inference, no signaling is needed since gNB has all the spatial relationship information. This is true for the case of one general model and the case of multiple specific models mentioned above.  
Observation 1: Beam pattern information can be defined as model input to make the model more general. Otherwise, multiple models need to be trained with each corresponding to one specific assumption of Tx beam pattern.
Observation 2: For UE-side inference, Tx beam pattern information needs to be made available at UE side. 
In previous meeting, it has been discussed whether to support “NW-side beam shape information” as assistance information for the input to UE-side model. Six companies supported it, but another six companies opposed it. Although their concerns were not elaborated, it may be related to disclosure of proprietary/NW-side deployment information. In our view, it needs to clarify what “beam shape information” refers to. We support the view that exact physical beam shape/angle should not be used as assistance information in order to hide proprietary/NW implementation. However, in case that Set B is not the same as Set A, UE-side model needs some level of information of beam relationship between Set A and Set B. Such information could be relative angle/direction among beams.
For example, in cell A, SSB beam may be sent the order of "SSB#0, SSB#1, SSB#2, SSB#3" from right to left of the cell coverage area. In another cell B, SSB beam may be sent the order of "SSB#0, SSB#2, SSB#3, SSB#1" from right to left of the cell coverage area. As what order of beam usage is up to the network implementation, any of the spatial order of SSB beams are possible. If relative angle/direction among beams are not informed, at first, UE needs to blindly detect the order of SSB, which is quite complex. Although the detailed beam shape would be proprietary/NW implementation, we expect that relative angle/direction among beams can be more acceptable to disclose as relative angle/direction among beams can be obtained by UE side anyway if large number of measurements are carried out. Relative angle/direction among beams can be expressed like "SSB#1 is right side of SSB#2" with respect to a reference plane and so on. Therefore, we propose following.
Proposal 1: Relative angle/direction among beams are signaled to UE. 
Spec impact for inference at UE side
In previous meeting, the following agreements has been achieved.
	Agreement
For BM-Case1 with a UE-side AI/ML model, study the potential specification impact of L1 signaling to report the following information of AI/ML model inference to NW 
· The beam(s) that is based on the output of AI/ML model inference
· FFS: Predicted L1-RSRP corresponding to the beam(s)
· FFS: other information

Agreement
For BM-Case2 with a UE-side AI/ML model, study the potential specification impact of L1 signaling to report the following information of AI/ML model inference to NW
· The beam(s) of N future time instance(s) that is based on the output of AI/ML model inference
· FFS: value of N
· FFS: Predicted L1-RSRP corresponding to the beam(s)
· Information about the timestamp corresponding the reported beam(s)
· FFS: explicit or implicit
· FFS: other information




As seen, the need for study L1 signaling to report the beam prediction result for both BM-Case 1 and BM-Case 2 in case of UE-side inference model has been identified. Instead of specifying new L1 signaling, a natural choice is to reuse/enhance the existing CSI reporting framework for beam management. However, as pointed out by companies, current spec only supports to report the measured beam(s). In more details, for beam management, a report configuration (i.e. CSI-ReportConfig as described in TS38.331) would indicate L1-RSRP related metrics (e.g. ssb-index-RSRP, or cri-RSRP) as the report quantity. In addition, the report configuration would be associated with one or several resource sets (such as a set of SSB, a set of CSI-RS or both) on which the measurements should be performed. In other words, the current CSI report for beam management always assumes that the beams reported by UE have been actually measured by the UE. 
In order to enable UE to report predicted beam, one way is to configure Set A (i.e. the set of beams for prediction) instead of Set B (i.e. set of beams for measurement) as the resource set in the report configuration. However, it is important for gNB to be able to distinguish whether the reported beam (and potentially RSRP value) is based on actual measurement or AI/ML based prediction. This is important because gNB needs the actual measurement result for model monitoring.
Proposal 2: CSI reporting framework can be considered as starting point for UE to report beam prediction to NW in case of UE-side inference.
Proposal 3: Mechanism to distinguish between measured result and predicted result when UE reports CSI for beam management is necessary. 

Spec impact for inference at NW side
The following proposal was discussed in previous meeting without conclusion [1].
	Proposal 4.4.1.1d: In order to facilitate AI/ML operations for BM-Case1 and BM-Case2, study the following additional aspect:
· Beam indication of the predicted DL Tx beam(s) from network to UE
· FFS: other aspects
Note: This may or may not have specification impact.



After clarification from Feature Lead, we understand the intention is the case that the predicted beam is the one that UE has not measured yet, then the UE may not know the predicted beam (e.g. RS for such beam has not been sent for a long time). Even in the case, that NW sends another RS for UE to measure the indicated beam. The DL Tx beam indication can be the same as the Rel-15/16/17 TCI framework, as long as the predicted beam is one of the RRC configured TCI states.
Observation 3: Existing TCI framework can be reused for the beam indication of the predicted DL Tx beam(s) from NW to UE.
Conclusion
In this paper, we have discussed some details on beam management sub use cases. We have the following observations and proposals:
Observation 1: Beam pattern information can be defined as model input to make the model more general. Otherwise, multiple models need to be trained with each corresponding to one specific assumption of Tx beam pattern.
Observation 2: For UE-side inference, Tx beam pattern information needs to be made available at UE side. 
Observation 3: Existing TCI framework can be reused for the beam indication of the predicted DL Tx beam(s) from NW to UE.

Proposal 1: Relative angle/direction among beams are signaled to UE. 
Proposal 2: CSI reporting framework can be considered as starting point for UE to report beam prediction to NW in case of UE-side inference.
Proposal 3: Mechanism to distinguish between measured result and predicted result when UE reports CSI for beam management is necessary. 
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