[bookmark: _Hlk37418177][bookmark: OLE_LINK99]3GPP TSG RAN WG2 #126																		R2-2405551
Fukuoka, Japan, May 20th -24th, 2024

Agenda item:	         8.3.2	
Source:	CEWiT
Title:	Discussion on Framework for RRM Measurement Prediction
Document for:	     Discussion and Decision
Introduction
A study item of Study on AI (Artificial Intelligence)/ML (Machine Learning) for mobility in NR was approved in RAN#102, RP-234055 [1], and revised in RAN#103 meeting [3].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. 
Following agreements were made in the RAN1#125bis meeting [4].
	Agreements
1	For cell level measurement prediction model, at least consider the following cases:
Case 1: To predict beam level results, then generate cell level results based on the predicted beam results; 
Case 2: To directly predict cell level results based on cell level results.
Case 3: To directly predict cell level results based on beam level results 
1 We will consider intra-frequency intra and inter-cell spatial domain measurement predictions, for beam and cell level measurements.  
2 For temporal domain measurement prediction, we will consider the AI-PHY beam management Case A and Case B from the RAN1 AI/ML PHY TR and it applies to both beam level and cell level.   As baseline we will focus on pure temporal predicition.  
3 The following items can be considered as a baseline for the prediction accuracy of the cell-level measurement prediction：
Spatial-domain prediction： RSRP difference to the actual measurement
Temporal prediction：RSRP difference to the actual measurement
measurement reduction rate as one KPI
4 As a first step we will focus on measurement prediction accuracy.  FFS whether and what system level performance evaluation is needed



In this contribution we present our analysis on the framework for the RRM measurement to consider during the study.
2. Discussion
In the subsequent discussion, we delve into the framework's components. This integrated approach aims to       leverage AI/ML techniques for enhancing mobility management in NR networks
        2.1 Simulator Overview
The simulation setup comprises three components, drawing insights from [6] for guidance.
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                                                                  Fig. 1. AI/ML Mobility Framework 
Part 1 : The initial phase involves UE Mobility and L1 Beam Measurement, crucial for cell deployment and physical layer channel modeling. The trajectory of UE should be incorporated concurrently. Drawing from the SID [1], existing resources like NR channel model TR (TR 38.901) and Rel-18 AI/ML air TR (TR 38.843) can be repurposed for the physical layer simulation aspect.

Part 2 : The second phase involves Handover modeling, encompassing mobility event modeling such as L3 filtering-based measurement events, handover, RLF, and other mobility KPIs. This segment, specific to RAN2, integrates TR 36.839 for detailed discussions.
Filtering at Layer 3, as outlined in TS38.331, is implemented to detect and manage mobility events. TR36.839, developed during HetNet Mobility studies in 3GPP, serves as a foundational resource. Simplified modeling based on SINR calculation is utilized for handover and RLF, with reference criteria provided. Also, TR 36.839 has a reference RLF and PDCCH failure criteria. Upon receiving RSRP/SINR data from the previous phase, the measurement model is applied.
2.1.1.   Measurement model 
The existing measurement model defined in TS 38.300 [5] is shown in Fig. 1. The UE averages the measurement results of one or more beams to derive the cell quality. 
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                                                          Fig. 2. Measurement Model[5]
As specified in TS 38.300 , the UE measures multiple beams of a cell and the measurements results are averaged to derive the cell quality and/or beam quality (if configured by gNB) by L1 filtering and L3 filtering.
In the current measurement model, L1-filtered beam level measurement outcomes are employed to derive cell level measurement data. Meanwhile, L3-filtered beam(TS38.331) level measurements are transmitted to the network to aid the target cell in selecting RACH (Random Access Channel) resources.
2.1.1.1.  Layer 3 filtering(TS38.331)
Filter the measured result, before using for evaluation of reporting criteria, for measurement reporting, by the following formula:
	Fn = (1 – a)*Fn-1 + a*Mn
using L3 filtering we will do the Cell measurement and Beam measurement procedure of which has given in TS 38.331 
the output data after part 2 will be given to the AI/ML model for prediction 
Part 3 : The third part is AI/ML prediction. The AI/ML performance highly depends on AI/ML model and algorithms, but those could have many variation. For Temporal and spatial domain prediction different models will be used based on the cases defined in TR38.843  input will be given.

2.1.2.    AI/ML model 
Spatial domain : The model for spatial-domain can be a sequential model.

Temporal domain : In Temporal-domain case the deep neural network for sequence prediction tasks can be used, specifically employing Long Short-Term Memory (LSTM) layers. The network consists of LSTM layers. The first LSTM layer receives input sequences, followed by another LSTM layers processing sequences and returns single outputs per sequence. The final layer is a dense layer for output. this model architecture is suited for sequence prediction tasks, leveraging the memory capabilities of LSTM layers for capturing temporal dependencies in the data.
	Model inputs
	Cell/Beam RSRPs

	Model output 
	Predicted Beam RSRP or Cell RSRP depends on the cases


Once the prediction has been done after the AI/ML Model, the predicted data will be given back to the Handover model such as measurement event based on L3 filtering, handover, RLF and other mobility KPI for AI based mobility. AI based mobility is already available in TR36.839 from which the state diagram has been explained below 
2.1.3  Mobility Event Modeling
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                                                                    Fig. 3. Mobility state diagram

Figure 3 shows a mobility state diagram in the context of AI-based mobility. The diagram represents the different states and transitions that a mobile device can go through during mobility events, such as handover, measurement events based on Layer 3 filtering, RLF (Radio Link Failure), and other mobility Key Performance Indicators (KPIs). The states in the diagram depict the various stages or conditions that the mobile device can be in during the mobility process, with arrows indicating the transitions between these states based on specific events or criteria , for the current simulation we will work till the RSRP difference, this state diagram can be used for future studies ,for handover decision and event prediction 
The parameters to determine the RLFs and the PDCCH failures from TR 36.839
	Items
	Description 

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1s (the default value in 36.331)

	N310
	1

	N311 
	1



3. Conclusion
In the present contribution, the document outlines a framework for RRM measurement prediction within the context of AI/ML for mobility in NR. It covers various aspects such as simulator overview, cell measurement prediction model, layer 3 filtering, AI/ML prediction. The framework is structured into three main parts with references to relevant 3GPP documents and studies provided :  
Part 1: UE Mobility and L1 Beam Measurement
part 2: Handover Modeling 
Part 3: AI/ML model
AI/ML is utilized in predicting cell measurements within the context of mobility in NR by using an AI/ML model for cell measurement prediction. The model takes cell/beam RSRPs as inputs and predicts either beam RSRP or cell RSRP based on the selected case. The predicted data from the AI/ML model is then fed back into the handover model, including mobility event modeling.
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Figure 9.2.4-1: Measurement Model
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