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[bookmark: _Ref165266342]1 Introduction
The objectives of SID is shown as following:
The study will focus on mobility enhancement in RRC_CONNECTED mode over air interface by following existing mobility framework, i.e., handover decision is always made in network side. Mobility use cases focus on standalone NR PCell change. UE-side and network-side AI/ML model can be both considered, respectively.
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]
In this contribution, we analyzed what kind of aspects should be considered in term of RRM measurement prediction.
2 Discussion
2.1 Scope of RRM measurement prediction
Before analyse specific use case, one thing should be clarified that whether we consider L1 or L3 based measurement result as model inference input/output. Since for this study item, the main goal is to improve L3 based handover performance, from RAN2 perspective, handover execution or measurement procedure is based on L3 based measurement which is derived from Layer 3 filtering based on L1 based measurement result. Regarding this, it is clear that the model inference output should be L3 based measurement result. As for model inference input, it could be either L1 based or L3 based measurement result and other necessary assistance information, to our understanding, if the model inference input is L1 based measurement result, there could be internally 2 steps for the AI prediction procedure, which is firstly use L1 based measurement result to predict its corresponding L3 based measurement result based on a specific AI/ML model instead of Layer 3 filtering procedure, and secondly use predicted L3 based measurement result to further perform AI prediction, i.e., predict for time/spatial/frequency domain L3 based measurement result (which is discussed below). As this is the first release to study AI/ML for mobility, we suggest to prioritize L3 based measurement prediction for simplicity.
Proposal 1: suggest to prioritize L3 based measurement prediction for AI/ML mobility over L1 based measurement prediction.
As SID described, the legacy RRM management is reactive approach based on UE reported current measurement result, now since AI/ML aided solution is introduced, a proactive approach for RRM management is promising, which means both UE and NW could foresee signal quality in the future and facilitate RRM management from NW side in advance. And time (temporal) domain prediction is the best example use case.


Fig.1 Time domain prediction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Even though in legacy handover procedure, whether to initiate handover command is up to NW implementation, in real deployment, the NW may configure UE with event-triggered or periodical measurement report and based on the real-time measurement result reported from UE, the NW could make handover decision. However, the real signal channel environment is changed quite often, sometime the current signal quality cannot reflect UE’s signal situation very well, for example, the signal quality just drop for a while and then revert into a stable acceptable level, but based on the current measurement report mechanism, the UE may have already initiated measurement report and handover command is sent by NW, thus an unnecessary handover is assumed. In this case, if the NW is aware of UE future signal quality, it may not initiate handover command for this UE. And this is only one example to show the benefit of time domain RRM measurement prediction, in fact as long as future measurement is available in either UE or NW side, some handover event can be foreseen in time, which can avoid unnecessary handover or prevent handover failure.
It is also noted that for other agenda, e.g., 8.3.3 Measurement event predictions, 8.3.4 RLF/HO failure prediction, we somehow still need this time domain RRM measurement prediction to further proceed the procedure on other part. Therefore, time domain prediction should be supported.
Proposal 2: time (temporal) domain L3 based measurement result prediction for both cell and (inter) beam level is considered as the first priority.
Another use case is spatial domain prediction, noted that in RAN1 AI/ML study, spatial domain is used to describe that the UE measure several beams (i.e., Set B) to predict more beams (i.e., Set A), here considering L3 based RRM measurement spatial domain, the UE may measure several cells to predict more cells, or even include the case where measuring several frequencies cells (including intra-frequency cells) to predict more inter-frequencies cells, thus somehow it seems to be considered as a frequency domain prediction, and definition details can be further studied.


Fig.2 spatial (frequency) domain prediction
For the benefit of L3 based spatial (frequency) domain prediction, by measuring several cells or frequencies measurement result as AI/ML model inference input, to predict more cells or frequencies measurement result, the overhead caused by performing measurements on more cells/frequencies can be reduced, also measurement gap can be saved. However it is not clear at least for now, for example, in legacy, the UE perform measurement only based on frequency level instead of cell level, which means if this is a only intra-frequency deployment around UE belonged area, the UE anyway need to perform measurement on this intra-frequency, and identify the cells within this frequency by orthogonality of SSB, in this regard, maybe overhead will not be saved. Also, considering the NW topology is intricate, a suitable model configuration is not easy, e.g., which cell or beam or frequency should be model inference input and which one should be model inference output. Therefore, whether to support spatial (frequency) domain RRM measurement prediction can be further studied. 
Proposal 3: further study whether to support spatial (frequency) domain L3 based measurement result prediction for both cell and (inter) beam level.
It is noted that no matter it is for time domain or spatial (frequency) domain, RAN1 AI/ML BM management has already analysed these two use cases. In our understanding, the big difference is that one is L1 based measurement prediction for beam level (within serving cell) and another one is L3 based measurement prediction for cell level, thus we can take AI based BM case 1/2 as a baseline to further design L3 based RRM measurement prediction.
Proposal 4: take AI based BM-Case 1/2 as baseline to further design L3 based RRM measurement prediction.
2.2 Considerations on RRM measurement prediction
Here we will analyse some general considerations on time domain RRM measurement prediction.
To achieve time domain prediction, the model inference input requires historical measurement results corresponding to the same measurement objective (more specific, corresponding to the same cell or beam), which means the UE need to store the past multiple measurement results. In legacy RRM mechanism, historical measurement result is not a common usage except from layer 3 filtering. The question is that if model inference is at UE side, do we need to specify how the UE store/log these historical measurement results as model inference input, e.g., store/log them in a UE variable, or just let it be UE implementation.
Proposal 5: for UE-side model, time-domain prediction requires the UE to store its historical measurement results as model inference input, FFS if there is spec impact.
[bookmark: OLE_LINK147]For UE sided model, the measurement results required for model inference input should be derived based on the measurement resources including measurement frequencies/cells/beams configured by the NW. If the NW is not aware of model configuration information related to the measurement resources required for the model inference input of UE sided model, it will not be able to reasonably configure the measurement resources for model inference at UE side. For instance, if the NW lacks clarity on how many or which frequencies/cells/beams are required for model inference input, it may be unable to configure measurement configuration for model inference at UE side. Therefore, in our view, the UE should provide the NW with at least preferred model configuration information related to the measurement frequencies/cells/beams required for model inference input.
Proposal 6: for UE-side model, the UE should provide the NW with at least preferred model configuration information related to the measurement frequencies/cells/beams required for model inference input.
For model inference at NW side, the NW also need historical measurement results measured by UE as model inference input, the question is that how NW acquire these historical measurement results, in our understanding, there are two methods, one is the UE could store/log these multiple measurement results and report then in one message/signalling, which will introduce a new message structure, but could reduce the signalling overhead instead. Another one is that reusing legacy measurement report mechanism, the NW may configure UE with periodical report within reportConfig IE, and NW based on implementation, to collect historical measurement results, which is no/minor spec impact.
Proposal 7: for NW-side model, time-domain prediction requires the UE to provide historical measurement results as model inference input by the following solutions:
opt-1: the UE store historical measurement results and report them in one message/signalling
opt-2: the UE periodically report measurement results as legacy way (no/minor spec impact)
[bookmark: _GoBack]One more issue is that, if AI/ML aided method is used, most measurement result is based on AI/ML model prediction instead of real measurement result. If the model performance is degraded in a specific situation, the predicted measurement result may not be always reliable and inaccurate predicted measurement result could lead a wrong handover event. Therefore, the UE could perform the real measurement result for those predicted ones sometimes, it seems like a model monitoring for AI/ML mobility use case. By comparing the real measurement result and predicted measurement result, the AI/ML model robust can be improved also better for handover performance.
Proposal 8: performing comparison between real measurement results and corresponding predicted measurement results is needed as model monitoring, FFS whether the real measurement is triggered by periodicity or event.
Furthermore, AI/ML model is commonly used for UE mobility, which means the purpose of this model is to consider whether the UE need to change a cell or not. But in case that the UE is staying in cell center (i.e., a good signal quality) or stationary, probably there is no handover requirement for this kind of UE, then AI/ML model for mobility is more or less useless. Regarding this, the model can be deactivated if the UE is in a good quality and/or stationary.


Proposal 9: AI based RRM measurement prediction can be deactivated if the UE is in good signal quality and/or stationary.
3 Conclusions
Proposal 1: suggest to prioritize L3 based measurement prediction for AI/ML mobility over L1 based measurement prediction.
Proposal 2: time (temporal) domain L3 based measurement result prediction for both cell and (inter) beam level is considered as the first priority.
Proposal 3: further study whether to support spatial (frequency) domain L3 based measurement result prediction for both cell and (inter) beam level.
Proposal 4: take AI based BM-Case 1/2 as baseline to further design L3 based RRM measurement prediction.
Proposal 5: for UE-side model, time-domain prediction requires the UE to store its historical measurement results as model inference input, FFS if there is spec impact.
Proposal 6: for UE-side model, the UE should provide the NW with at least preferred model configuration information related to the measurement frequencies/cells/beams required for model inference input.
Proposal 7: for NW-side model, time-domain prediction requires the UE to provide historical measurement results as model inference input by the following solutions:
opt-1: the UE store historical measurement results and report them in one message/signalling
opt-2: the UE periodically report measurement results as legacy way (no/minor spec impact)
Proposal 8: performing comparison between real measurement results and corresponding predicted measurement results is needed as model monitoring, FFS whether the real measurement is triggered by periodicity or event.
Proposal 9: AI based RRM measurement prediction can be deactivated if the UE is in good signal quality and/or stationary.
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