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Introduction
This document discusses essential considerations of simulation environment for AI/ML-assisted mobility evaluation for Rel-19 study. 
Discussion
Simulator Overview
Figure 1 shows a simulator structure for performance evaluation of AI/ML-assisted mobility enhancement specified in the study item description. Although the exact simulator implementation could be different per each company, there will not be many variations. The simulator will consist of three parts:
· The first part (Part 1) is system level simulation part for cell deployment and physical layer channel modeling. UE trajectory should be implemented together. For this part, RAN2 needs common assumptions to be used in the simulation.
· The second part (Part 2) is mobility simulation including mobility event modeling such as measurement event based on L3 filtering, handover, RLF and other mobility KPI. This part is RAN2-specific part which was not considered in typical PHY simulator. For this part, RAN2 needs common assumptions to be used in the simulation.
· The third part (Part 3) is AI/ML prediction. The AI/ML performance highly depends on AI/ML model and algorithms, but those could have many variation. This part can be left up to each company.


Figure 1. Simulator Structure for AI/ML-assisted Mobility in Rel-19
The remainder of this document provides some important considerations for efficient and effective performance evaluation of AI/ML-assisted mobility enhancement. The existing L3-based mobility works very well even without AI/ML assistance. Thus, evaluation for existing mobility mechanism and typical scenarios will not be helpful to see how AI/ML is useful. In our view, the evaluation should focus on challenging scenarios that AI/ML clearly improves the KPIs. Also, considering the complexity of the simulator with three modules, efficient modelling should be considered. 
Observation 1. The evaluation should focus on challenging scenarios that AI/ML clearly improves the KPIs.
Observation 2. The unnecessary complexity which gives marginal impact to the performance needs to be avoided. 

Baseline Scenarios and Assumptions
Firstly, RAN2 needs to have common baseline scenarios and assumptions. As shown in the SID [1], for the physical layer simulation part, we can reuse NR channel model TR (TR 38.901) and Rel-18 AI/ML air TR (TR 38.843). But, RAN2 has to focus on key scenarios that existing mobility mechanism needs further performance improvement. More specifically, FR2 mobility is more challenging in RLF and HOF than FR1. However, FR1 simulation is also needed for comparison as a reference scenario.
Proposal 1. Both FR1 and FR2-1 are evaluated. FFS exact frequency band.
In TR 38.901, there are several evaluation scenarios such as urban macro (UMa), urban micro (UMi), rural macro (RMa) and so on. From mobility point of view, more challenging scenarios are dense deployment with frequent mobility event occurrence and large signal fluctuation. UMi is mainly targeted to such scenarios like downtown area with dense building deployments, e.g. Manhattan, Shanghai, and Tokyo. 
Table 1 provides key non-line-of-sight (NLOS) channel parameters of UMa and UMi of TR 38.901, respectively, which could give significant impact to mobility performance.  Shadow fading of UMi NLOS (7.82 dB) is greater than that of UMa NLOS (6 dB). The shadow fading is used to model long-term RSRP fluctuation. For larger value, the probability of deep shadowing (e.g. the UE moves to behind the building) increases, so handover/RLF will occur frequently. Also, UMi’s correlation distance is much smaller for major parameters. That means L3 RSRP will relatively quickly change in UMi, when UE is moving. This is also related to mobility performance.
Table 1. Key NLOS channel parameters between UMa vs UMi
	NLOS parameters
	Uma (ISD=500m)
	UMi  (ISD=200m)

	Standard deviation of
Shadow fading (SF)
	6 dB (or optionally 7.8)
	7.82 dB (or optionally 8.2)

	Correlation distance
	SF
	50m
	13m

	
	DS
	40m
	10m

	
	ASD
	50m
	10m

	
	ASA
	50m
	9m


In short, UMi is more sensitive for mobility so we see it is the most important scenario, so RAN2 needs to focus on this scenario at the beginning. Both UMa and UMi assume hexagonal cells which can be reused.
Observation 3. UMi has larger shadow fading and smaller correlation distance than UMa. 
Proposal 2. RAN2 to prioritize UMi channel model with hexagonal cells as a starting point.
As a major use case of AI/ML-assisted mobility, inter-frequency measurement gap reduction can be considered. However, it is not clear how to simulate this scenario based on the existing methodology. The inter-frequency measurement reduction is based on an assumption that two frequencies have cross-frequency correlation for a certain degree. This correlation should be modeled in the simulation. On the contrary, for the same UT-BS path, different frequencies may have different dominant propagation paths, e.g. penetration path is dominant in FR1 whereas reflection path is dominant in FR2. The evaluation methodology does not a provide sufficient model for this scenario. If we assume those are independent or fully aligned, the simulation result will not represent the real world at all.
Also, complexity of simulator is an issue, as both frequency band should be evaluated. At least the complexity will be doubled. In our view, at least for simulation-based quantitative evaluation, it would be better to focus on intra-frequency measurement.
Observation 4. It is not clear how to simulate inter-frequency measurement and it increases the simulator complexity.
Proposal 3. RAN2 to prioritize intra-frequency simulation. 
In our view, calibration based on common simplified assumption and results is not only time consuming but also not so useful. If RAN2 establishes a common set of assumptions, model and scenario, then it will be ok to go into the main simulation directly. 
Proposal 4. No formal calibration among companies is necessary.

LOS Probability and Spatial Consistency
In mobility evaluation, a very basic assumption is that UE is moving. As the UE is moving, the channel correlation between the current location and previous location will be getting smaller, but those are not completely independent. This spatial correlation shall be modelled in the simulation, whereas typical PHY system-level simulation usually assumes static UE with only Doppler effect. TR 36.839 assumes spatial consistency of shadow fading with exponential autocorrelation function. TR 38.901 captures the same spatial correlation modelling. This study also need to consider those parts at least for specified channel parameters.
Proposal 5. RAN2 shall consider spatial consistency with correlation distance on shadow fading and large-scale parameters, according to TR 38.901.
When a UE is dropped on the hexagonal grid, each UT-BS is determined as either LOS or NLOS. For very short UT-BS distance, e.g. 10m, the link is most likely LOS whereas the LOS probability decreases with the link distance. TR 38.901 defines distance-dependent LOS probability function as follows:

 for UMi
UMa has almost similar LOS function with different coefficients. In any case, the probability converges to 0 as the distance goes to infinity. This LOS function is obtained by geometry-dependent experiment but it is independent of frequency band. Whether UT-BS is LOS or not has a big impact to RSRP value and general signal quality related to mobility performance. Hence, this distance-dependent LOS probability shall be considered in the simulation.
Proposal 6. RAN2 shall consider distance-dependent LOS probability, according to TR 38.901.

[image: ]
(a) UT Trajectory on 7-BS grid with ISD=200m
[image: ]
(b) LOS probability depending on 2D distance
Figure 2. Distance-dependent LOS probability in a sample linear trajectory
As UE is moving, distance-dependent LOS probability is changing. Figure 2 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 3 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.


Figure 3. RSRP drop at LOS  NLOS state change observed by ray-tracing simulation.
Fortunately, TR 38.901 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 4 shows an L3 RSRP trajectory calculated by LOSsoft state which represents the state transition very well. We can use this modelling in the simulation.
Proposal 7. RAN2 shall consider spatial consistency of LOS-NLOS transition, according to TR 38.901.
[image: ]
Figure 4. LOS  NLOS transition modelling based LOSsoft state in TR 38.901.
Fast Fading
[image: ]
Figure 5. 3D SCM based on clusters and rays
Another question is whether we need to model fast fading. Since the length of UE trajectory in the mobility simulation is long (e.g. 200m to 1km) and a number of independent runs is necessary to acquire sufficient number of samples of mobility event, simulation could be an issue. 3GPP evaluation methodology shown in TR 38.901 and TR 38.843 relies on 3D spatial channel model (SCM) based on multiple clusters and multiple rays, as shown in Figure 5. This make each simulator very time-consuming. Then, we may need a simplified PHY channel modeling for a certain degree.
Mobility event (e.g. HO) uses L1/L3 filtered results. L1/L3 filtering already eliminates fast fading effects as shown in Figure 6. One could argue that raw RSRP is necessary as an input of AI/ML. But in mobility scenario, fast fading is considered as a random noise which should be eliminated for precise decision. Thus, it may not give meaningful information to the AI/ML prediction. In our view, it is reasonable to allow each company to decide whether to use the fast fading model.
Proposal 8. For simplified simulation, fast-fading model is optional, whether to adopt it is up to each company.
[image: ]
Figure 6. L1/L3 filtered RSRP eliminating fast fading effect
Mobility Event Modeling
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 2. We can reuse it.
Proposal 9. For handover failure/RLF/Ping-pong modeling, TR 36.839 is a baseline.
Table 2. 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



Additional Modeling Component
Since the study item needs to focus on main scenarios which give potential improvement of mobility performance, excessive add-on modelling components do not need to be considered for complexity reduction of the simulator. The list of Proposal 10 includes modelling components which are considered less important.
Proposal 10. The following models of TR38.901 are not considered:
· Oxygen absorption (7.6.1 of TR 38.901)
· Large bandwidth and large antenna array (7.6.2)
· Time-varying Doppler shift (7.6.6)
· UT rotation (7.6.7)
· Explicit ground reflection model (7.6.8)
We see sudden blockage for example by bus or other moving object may have some impact to mobility performance. To see this effect, blockage model may be further considered. Also, if RAN2 decides to evaluate inter-frequency modelling, correlation modelling for multi-frequency simulation to adjust some parameters may be considered. However, those modelling components are considered not essential.
Proposal 11. The following models of TR 38.901 can be further considered after the baseline evaluation.
· Blockage (7.6.4)
· Correlation modeling for multi-frequency simulation (7.6.5)

Conclusion
RAN2 is requested to discuss and agree the following proposals:
Proposal 1. Both FR1 and FR2-1 are evaluated. FFS exact frequency band.
Proposal 2. RAN2 to prioritize UMi channel model with hexagonal cells as a starting point.
Proposal 3. RAN2 to prioritize intra-frequency simulation. 
Proposal 4. No formal calibration among companies is necessary.
Proposal 5. RAN2 shall consider spatial consistency with correlation distance on shadow fading and large-scale parameters, according to TR 38.901.
Proposal 6. RAN2 shall consider distance-dependent LOS probability, according to TR 38.901.
Proposal 7. RAN2 shall consider spatial consistency of LOS-NLOS transition, according to TR 38.901.
Proposal 8. For simplified simulation, fast-fading model is optional, whether to adopt it is up to each company.
Proposal 9. For handover failure/RLF/Ping-pong modeling, TR 36.839 is a baseline.
Proposal 10. The following models of TR38.901 are not considered:
· Oxygen absorption (7.6.1 of TR 38.901)
· Large bandwidth and large antenna array (7.6.2)
· Time-varying Doppler shift (7.6.6)
· UT rotation (7.6.7)
· Explicit ground reflection model (7.6.8)
Proposal 11. The following models of TR 38.901 can be further considered after the baseline evaluation.
· Blockage (7.6.4)
· Correlation modeling for multi-frequency simulation (7.6.5)
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