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Introduction
This document discusses about simulation assumptions for AI/ML-based HOF and RLF prediction. 
Discussion
Interference and Neighbor Cell Modeling
During RAN2 email discussion [POST125bis][021][AIML mobility] Simulation assumptions and methodology (OPPO), boundary processing model was discussed among three options shown in Figure 1 [1]:
· Option 1: Wrap-around
· Option 2: Bouncing circle
· Option 3: Termination at the boundary



 
Option 1			Option 2		Option 3
Figure 1. Options for boundary processing [1]
For RRM prediction, the main consideration is RSRP prediction for serving cell and detected neighbour cells. It is mainly for a single cell operation. Thus, either option could work in RRM prediction.
However, HOF and RLF predictions are different. In those simulations, the serving cell is determined first, handover is modelled based on A3 event, and interference is modelled for SINR calculation. It means that sufficient interference sources and neighbour cells should be modelled. However, bouncing circle (Option 2) and termination (Option 3) would miss such dominant interference sources and potential handover, as shown in Figure 2 (i.e. blue cells). If the wrap-around structure is not modelled, interference or neighbour cell signals will be decreasing as the UE is approaching to the boundary. It results in either very small interference and very good signal quality at/around the boundary. However, in the wrap-around structure, near neighbouring cells always exist, so the distortion of missing interference source can be minimized. This has a big impact to mobility-related KPIs. Hence, we see at least for HOF/RLF prediction, wrap-around structure should be modelled. 


                     
(a) Initial drop			(b) UE is about to reach the boundary
Figure 2. Dominant interferences and potential handover in wrap-around structure
Observation 1. Dominant interference sources and potential handover are missing in bouncing circle and termination at the boundary.
Proposal 1. In HOF/RLF prediction, wrap-around trajectory is considered.
During the RAN2 email discussion for RRM prediction, companies seem to think UP traffic modelling is not necessary at all. In HOF/RLF prediction, SINR calculation is required so neighbour cell interference modelling is essential. Considering the complexity and simulation time for UP traffic, it would be better to assume 100% DL interference load that all RBs are being used at the neighbour cells, as in TR 36.839 [2].
Observation 2. For interference modelling, traffic load/interference load is essential.
Proposal 2. Assuming UP traffic is not considered, 100% DL interference load is used for handover decision and signalling.
LOSsoft for HOF/RLF Prediction
As the UE is moving, distance-dependent LOS probability is changing. Figure 3 depicts the change of LOS probability for a sample linear trajectory in 7-BS hexagonal grid. It is shown that UE near the BS has very high LOS probability whereas interference nodes’ LOS probability is very low. The more important thing is that LOS-NLOS state may change. It happens when UE experiences building blockage or the UE moves to LOS area. LOS and NLOS use quite different path loss equations where NLOS link has larger path loss. This leads to sudden RSRP drop or sudden increase of interference cell. This is easily observed by research papers. Figure 4 shows our ray-tracing simulation result on Manhattan-like grid topology for 2 GHz and 28 GHz. In particular, 28 GHz FR2 band severely experiences the signal drop up to 30-40 dB. This is aligned with the knowledge that FR2 band is easily broken, and means that mobility performance highly depends on the LOS-NLOS transition.
For HOF/RLF prediction, long UE trajectory should be simulated. In this case, distance-dependent LOS probability is changing as the UE is moving, especially for the serving cell. It means that serving cell RSRP can be changed suddenly.
Fortunately, TR 38.901 [3] defines modelling methodology of LOS-NLOS transition called LOSsoft, as a spatial consistency model. LOSsoft state is an intermediate state between transitions which depend on correlation distance and frequency band. Figure 5 shows an L3 RSRP trajectory calculated by LOSsoft state which represents the state transition very well. We can use this modelling in the simulation for HOF/RLF prediction.
Observation 3. In HOF/RLF prediction, long UE trajectory is simulated. In this case, distance-dependent LOS probability is changing as the UE is moving, especially for the serving cell.
Proposal 3. In HOF/RLF prediction, RAN2 shall consider LOSsoft state as a spatial consistency of LOS-NLOS transition, according to TR 38.901.
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(a) UT Trajectory on 7-BS grid with ISD=200m
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(b) LOS probability depending on 2D distance
Figure 3. Distance-dependent LOS probability in a sample linear trajectory


Figure 4. RSRP drop at LOS  NLOS state change observed by ray-tracing simulation.
[image: ]
Figure 5. LOS  NLOS transition modelling based LOSsoft state in TR 38.901.
Mobility Event Modeling
Table 1. The parameters for 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


For HOF and RLF prediction, serving cell selection and handover modelling are necessary. For mobility modelling part, RAN2 does not need to precisely model signalling of RRC messages.  LTE HetNet TR (TR 36.839) used simplified modelling of handover and RLF based on calculated SINR. Also, TR 36.839 has a reference RLF and PDCCH failure criteria, as shown in Table 1. Those are well-known and considered practical. Hence, we can reuse it.
Observation 4. HOF/RLF/ping-pong modelling in TR 36.839 is well-known and considered practical.
Proposal 4. For handover failure/RLF/Ping-pong modelling in FR1, TR 36.839 is a baseline.
However, TR 36.839 is for 4G LTE frequency whereas this Rel-19 study item covers FR2 frequency. Considering FR2 channel characteristic that the signal fluctuation could be higher, fast decision is desirable. We see shorter T310 value than FR1 is needed, e.g. 500ms or even shorter. For other parameters, TR 36.839 can be reused.
Observation 5. Considering FR2 channel characteristics, shorter value of T310 needs to be considered.
Proposal 5. For handover failure/RLF/Ping-pong modelling in FR2, a shorter value of T310 is used. For other parameters, TR 36.839 is a baseline.
Conclusion
RAN2 is requested to discuss and agree the following proposals:
Proposal 1. In HOF/RLF prediction, wrap-around trajectory is considered.
Proposal 2. Assuming UP traffic is not considered, 100% DL interference load is used for handover decision and signalling.
Proposal 3. In HOF/RLF prediction, RAN2 shall consider LOSsoft state as a spatial consistency of LOS-NLOS transition, according to TR 38.901.
Proposal 4. For handover failure/RLF/Ping-pong modelling in FR1, TR 36.839 is a baseline.
Proposal 5. For handover failure/RLF/Ping-pong modelling in FR2, a shorter value of T310 is used. For other parameters, TR 36.839 is a baseline.
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