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1   Introduction
According to the RAN plenary #103 meeting, the study on AI/ML for mobility in NR is approved [1] with objectives listed as follows:

	[bookmark: _Hlk162445187]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]

· The evaluation of the AI/ML aided mobility benefits should consider HO performance KPIs (e.g., Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, and measurement reduction) etc.) and complexity tradeoffs [RAN2]
· NOTE: Simulation assumption and methodology can leverage TR 38.901, 38.843 and 36.839. And leave the detail discussion to RAN2
· Potential AI mobility specific enhancement should be based on the Rel19 AI/ML-air interface WID general framework (e.g. LCM, performance monitoring etc) [RAN2]  
· NOTE: This would only be treated after sufficient progress is made in the Rel-19 AI/ML air interface WID 
· Potential specification impacts of AI/ML aided mobility [RAN2]
· [bookmark: _Hlk153472406]Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]

· NOTE 1: RAN1/3 work can be triggered via LS
· NOTE 2: RAN4 scope/work can be defined and confirmed by RAN#105 after some RAN2 discussions (within the RAN4 pre-allocated TUs)
NOTE 3: To avoid duplicate study with “AI/ML for NG-RAN” led by RAN3
NOTE 4: Two-sided model is not included



In this paper, we will discuss RRM measurement prediction.
2   Discussion
2.1 Domains of RRM measurement prediction
Firstly, RAN2 shall reach the consensus on the concept of “domains of RRM measurement prediction”. In our thinking, the RRM measurement prediction can be achieved via three domains, i.e. temporal domain, spatial domain and frequency domain.
· Temporal domain prediction: predicts future beam/cell level measurement based on current/historical beam/cell level measurement
· Spatial domain prediction: predicts neighbouring beam/cell level measurement
· Frequency domain prediction: predicts beam/cell level measurement in frequency#A based on the beam/cell level measurement in frequency#B
It is expected that with such temporal/spatial/frequency domain beam/cell level measurement prediction, some benefits can be obtained, e.g., measurement reduction and power saving.
Observation 1: Using temporal/spatial/frequency domain beam/cell level measurement prediction, some benefits can be obtained, e.g., measurement reduction and power saving.
In Rel-18, for the beam management in AI interface, RAN1 focused on the temporal and spatial beam prediction so far which were recommended for normative work in Rel-19.
	For AI-based beam management, from RAN1 perspective, at least the following are recommended for normative work:
-	Both BM-Case1 and BM-Case2:
-	BM-Case1: Spatial-domain DL Tx beam prediction for Set A of beams based on measurement results of Set B of beams
-	BM-Case2: Temporal DL Tx beam prediction for Set A of beams based on the historic measurement results of Set B of beams
-	DL Tx beam prediction for both UE-sided model and NW-sided model
-	Necessary signalling/mechanism(s) to facilitate data collection, model inference, and performance monitoring for both UE-sided model and NW-sided model
-	Signalling/mechanism(s) to facilitate necessary LCM operations via 3GPP signalling for UE-sided model



[bookmark: _Hlk162702152]However, based on the latest SID for AI aided mobility, inter-cell beam level prediction and cell level prediction are further included. Measurement prediction can further be performed for the cells in the same frequency as the UE’s serving cell or for the cell in a different frequency, which may further correspond to intra-frequency and inter-frequency handover. It is important that both cases are studied with diligence. In particular, inter-frequency measurement prediction may potentially bring many additional benefits compared to intra-frequency case, e.g., thanks to reducing the need for measurement gaps, the power consumption of the UE can be reduced and its throughput can be increased. On the network side it also translates into more scheduling flexibility which allows to improve overall system performance.
Observation 2: Thanks to inter-frequency RRM measurement prediction, UE power consumption can be reduced and UE’s throughput can be improved via measurement gap reduction. This also translates into more scheduling flexibility for the gNB which allows to improve overall system performance.
Therefore, we believe intra-frequency RRM measurement prediction and inter-frequency RRM measurement prediction should be studied with equal priority at the moment.
Proposal 1: RAN2 to study RRM measurement prediction, considering temporal/spatial/frequency domains.
Proposal 2: Intra-frequency RRM measurement prediction and inter-frequency RRM measurement prediction should be studied with equal priority at the moment.
2.2 Scenarios of RRM measurement prediction
There are two main scenarios that RAN2 can study for RRM measurement prediction:
· Intra-cell measurement prediction, i.e., the input of prediction and the output of prediction belong to the same cell
· Inter-cell measurement prediction, i.e., the input of prediction and the output of prediction belong to different cells
For intra-cell prediction case, the same considerations as mentioned in clause 2.1 apply and this corresponds to a large extent to what RAN1 has already studied in Rel-18 for beam management. What RAN2 can do on top of that is to check how such predicted measurements impact the L3 mobility performance. Besides, such intra-cell prediction should be considered both for the serving cell (e.g. beam prediction for Set A of beams of the serving cell is based on measurement results of Set B of beams of the same serving cell) and neighbour cells (e.g. beam prediction for Set A of beams in the neighbouring cell is based on measurement results of Set B of beams of the same neighbouring cell).
Proposal 3: The intra-cell beam/cell level measurement predictions should be considered both for the serving cell and neighbour cells.
However, inter-cell prediction is a new scenario which has not been considered by RAN1 previously, but which is certainly interesting from L3 mobility point of view. On the other hand, it seems much more challenging to predict measurements between the cells, so the feasibility of achieving that needs to be verified by RAN2 through simulations. For this, the following scenarios may be considered:
Table 1: use cases for inter-cell prediction
	Beam level prediction
	Cell level prediction

	UC#1-1: Temporal domain historical measurement of beams of a cell to predict beams of another cell
	UC#2-1: Temporal domain historical L3 measurement of a cell to predict L3 measurement of another cell

	UC#1-2: Spatial domain measurement of beams of a cell to predict beams of target cell
	UC#2-2: Spatial domain L3 measurement of a cell to predict L3 measurement of another cell

	UC#1-3: Measurement of beams of a cell to predict beams of another cell in another frequency
	UC#2-3: L3 Measurement of a cell to predict L3 measurement of another cell in another frequency



As can be seen, the number of potential scenarios to be studied is large and RAN2 will not be able to check them all. Therefore, we should focus on the most promising and reasonable ones. For example, it seems more feasible to predict the inter-cell measurements in the scenarios where the cells are co-located for both intra-frequency scenario and for inter-frequency scenario. On the other hand, if the cells belong to two different gNBs, such prediction seems very challenging. 
Proposal 4: RAN2 to study whether it is feasible to predict beam/cell measurement of one cell based on beam/cell measurement of another cell.
2.3 Relationship between beam level prediction and cell level prediction
As shown in Fig.1, the beam level measurement is used to derive cell quality measurement, i.e., the L1 beam measurement is the input of L3 filtering for cell quality.

[image: ]
[bookmark: _Hlk163052465]Figure 1: Legacy RRM measurement procedure at UE side (Figure 9.2.4-1 in TS 38.300)

According to the current SID, study is limited to network triggered L3-based handover. Therefore, L3 measurement results will be finally used for the handover. Now we have both beam level measurement prediction and cell level measurement prediction, the relationship between them should be studied. For example, two options for the measurement prediction are shown in Fig.2.
[image: ]
Figure 2: L1 measurement prediction vs L3 measurement prediction

· Option#1 (based on beam level measurement prediction): L1 measurements are predicted first and then sent to L3 for further filtering handling
· Option#2 (based on cell level measurement prediction): L3 measurements are predicted based on L3 measurements directly
In our thinking, both options should be studied from RAN2 perspective, as both options can work for the L3 based handover.
Observation 3: According to SID, RAN2 should study both beam level measurement prediction and cell level measurement prediction.
Furthermore, to get comparable simulation results, it is important to clarify how cell level is deduced based on beam level measurements, e.g., how many beams shall be considered, what is the L3 filtering setting etc. 
Proposal 5: RAN2 should agree on the common setting of L3 filtering for cell level measurement derivation, e.g., how many beams are considered, what is the L3 filter setting etc.
2.4 Comparison between UE sided model and NW sided model
According to the current SID, the RRM measurement prediction can be performed both at the UE side and NW side. The pros and cons for UE sided model and NW sided model should be therefore analysed by RAN2. We give a preliminary analysis on this issue as shown in Table2.
Table 2: Pros and Cons for UE sided model and NW sided model
	
	NW sided model
	UE sided model

	Pros
	· Saves signaling overhead (the NW can predict some measurement based on other measurement reporting)
· Improves throughput (no need for measurement gap at UE side)
· UE power saving
	· Improve throughput (measurement gap at UE side may be reduced)
· UE power saving (To be confirmed as UE performs less measurements but on the other hand needs to use more computational power)


	Cons
	FFS
	FFS



Proposal 6: RAN2 to study the pros and cons for NW sided model and UE sided model respectively.
2.5 KPIs for performance evaluation
Regarding the KPIs for the RRM measurement prediction, in our thinking, the following can be considered in the future work:
· Signaling overhead reduction (due to decrease in measurement reporting volume)
· Measurement reduction and/or throughput gains for inter-frequency measurement case
· UE power consumption reduction (FFS how to evaluate this for UE sided model where even though measurement effort is reduced, UE consumes more power due to AIML computations)
· Handover success rate
· Handover ping-pong rate
When it comes to handover success rate and handover ping-pong rate, in our understanding the goal is not to worsen the KPI while reducing the measurement effort. The main gain expected from the measurement prediction is to decrease the measurement efforts which translates into other benefits as mentioned above, e.g. signalling overhead or UE power consumption reduction. However, it should not be expected that handover success rate will be improved at the same time. Furthermore, in many of the current network deployments handover success rate is already very satisfactory. 
Proposal 7: During the study, RAN2 should consider the following KPIs for RRM measurement prediction: signaling overhead reduction, measurement reduction, UE throughput gains, UE power consumption reduction, handover success rate and handover ping-pong rate.
Proposal 8: For KPI of handover success rate and handover ping-pong rate, the target should be not to worsen the performance while using measurement prediction.
Regarding the benchmark for handover success rate and handover ping-pong rate, as the SID is limited to the case that handover decision is always made at the network side, we believe CHO should not be considered in the comparison. Therefore, it is suggested to use traditional handover as the benchmark to evaluate the KPI of handover success rate and handover ping-pong rate.
Proposal 9: Traditional handover (i.e. non-CHO, non-DAPS) should be used as the benchmark to evaluate the KPI of handover success rate and handover ping-pong rate.
3   Conclusion
In this paper, we discuss RRM measurement prediction with following observations and proposals:
Observation 1: Using temporal/spatial/frequency domain beam/cell level measurement prediction, some benefits can be obtained, e.g., measurement reduction and power saving.
Observation 2: Thanks to inter-frequency RRM measurement prediction, UE power consumption can be reduced and UE’s throughput can be improved via measurement gap reduction. This also translates into more scheduling flexibility for the gNB which allows to improve overall system performance.
Observation 3: According to SID, RAN2 should study both beam level measurement prediction and cell level measurement prediction.
Proposal 1: RAN2 to study RRM measurement prediction, considering temporal/spatial/frequency domains.
Proposal 2: Intra-frequency RRM measurement prediction and inter-frequency RRM measurement prediction should be studied with equal priority at the moment.
Proposal 3: The intra-cell beam/cell level measurement predictions should be considered both for the serving cell and neighbour cells.
Proposal 4: RAN2 to study whether it is feasible to predict beam/cell measurement of one cell based on beam/cell measurement of another cell.
Proposal 5: RAN2 should agree on the common setting of L3 filtering for cell level measurement derivation, e.g., how many beams are considered, what is the L3 filter setting etc.
Proposal 6: RAN2 to study the pros and cons for NW sided model and UE sided model respectively.
Proposal 7: During the study, RAN2 should consider the following KPIs for RRM measurement prediction: signaling overhead reduction, measurement reduction, UE throughput gains, UE power consumption reduction, handover success rate and handover ping-pong rate.
Proposal 8: For KPI of handover success rate and handover ping-pong rate, the target should be not to worsen the performance while using measurement prediction.
Proposal 9: Traditional handover (i.e. non-CHO, non-DAPS) should be used as the benchmark to evaluate the KPI of handover success rate and handover ping-pong rate.
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