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1 Introduction 
[bookmark: _Hlk110670114]In simulations for Rel-18 AI/ML beam prediction studies, UEs remained associated with a single gNB for the duration of the simulation, and mobile UE trajectories were constrained to a limited geometric region. In these simulations, modelling small-scall parameter updates (TR 38.901 [1] Spatial Consistency Procedure A, Section 7.6.3.2) and pathloss updates alone provided sufficient realism in the channel model. In contrast, simulations for Rel-19 AI/ML studies will enable handover for mobile UEs and consider more extended (inter-cell) UE trajectories; maintaining realism in these cases may require updates to the channel modelling procedure. In particular, line-of-sight (LoS) state and shadow fading updates should be considered. This document explores options for extended UE mobility models as well as LoS state and shadow fading update procedures and offers proposed channel modeling enhancements for Rel-19 AI/ML study simulations based on these explorations.
2 Mobile UE trajectory generation and channel modelling
This section explores mobility and channel modelling in Rel-19 AI/ML simulations. Section 2.1 discusses a trajectory generation model for the extended UE mobility case, and Section 2.2 explores update procedures for LoS states and shadow fading values for mobile UEs. Correlation modelling for these parameters is also explored.
[bookmark: _Hlk163064276]UE mobility model
This section describes a model for generating random trajectories for UEs in AI/ML simulations. This model is based on Option 2 in TR 38.843 [2], Section 6.3.1, with modifications based on Option 4 and a minor modification for extended mobility.
A UE has initial position , constant forward velocity , and initial azimuthal velocity angle . Temporal granularity  is defined as the smallest unit of time considered in random trajectory generation and mean temporal step size  is defined as the mean travel time for walk steps along the random trajectory.  is chosen such that it will be a whole-number multiple of the temporal granularity:
, where
·  is the mean number of substeps per walk step.
· Maximum walk time  is likewise chose to be a whole-number multiple of .
· Distance granularity  is computed as .
For the purposes of random trajectory generation for urban macro and urban micro simulations, a geometric sector  is defined as a geometric region consisting of the intersection of two regions: the first region consists of one third of the hexagonal cell surrounding a gNB and symmetric with respect to the gNB’s azimuthal orientation , and the second region consists of the area outside a circle with radius  centered on the gNB. Figure 1 provides an example of a geometric sector.
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Figure 1 geometric sector defined for UE mobility constraints

The overall valid UE trajectory region  is the geometric region in which a UE trajectory may be generated and consists of the union of all geometric sectors corresponding to each gNB in the simulation:

Where  is the number of gNBs in the simulation. Figure 2 visualizes  for a 2-tier UMa simulation with ISD 200.
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Figure 2 Geometric sectors for every gNB in a 2-tier Urban Macro simulation. Each geometric sector is labelled with the MAC ID of its corresponding gNB. The valid UE trajectory region  consists of the union of all sectors.

Given the above setup, the following algorithm can be used to generate a random trajectory for a particular UE:
1. Initialize total sub-step counter 
2. For walk step :
2.1. Draw number of sub-steps for the th walk step  from a geometric distribution with probability of success .
2.2. Draw azimuthal velocity angle delta for the th walk step  from a uniform distribution in the range [-45, 45].
2.3. Compute sub-step velocity angle delta: 
2.4. For each sub-step :
2.4.1.  Increment total sub-step counter . If the UE’s total travel time thus far  is greater than , terminate the walk. Otherwise, continue.
2.4.2.  Update the UE’s sub-step velocity angle: .
2.4.3.  Compute potential updated UE position: .
If   is outside the valid UE trajectory region , terminate the walk. Otherwise, update the UE’s position.
Figure 3 shows an example set of UE trajectories generating using the above algorithm.
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Figure 3 Example random trajectories for 20 UEs within a 2-Tier UMa model.

Proposal 1: For UE mobility modelling, the UE random trajectory model may be extended from Option 2 in TR 38.843 [2], Section 6.3.1, with an update to consider the union of geometric sectors from every gNB in the simulation as the valid trajectory generation region.

Channel Modelling
Line-of-sight (LoS) state updates for mobile UEs
For each UE-gNB pair in the simulation, initial LoS state is determined stochastically based on the scenario-dependent LoS probability function  provided in TR 38.901 [1] Table 7.4.2-1, where  is the 2D distance between the given UE and gNB. In extended (inter-cell) mobility cases, , and therefore , may change dramatically as the simulation progresses; thus, a method for updating LoS state may be needed to ensure that the channels for mobile UEs are sufficiently realistic. We consider the following options for modelling LoS state for mobile UEs:
· Option A – static LoS state: maintain a constant LoS state throughout the simulation.
· Option B – soft LoS updates: for mobile UEs, update the LoS state per the soft LoS Model provided in TR 38.901 [1], section 7.6.3.3.
Option A is consistent with Rel-18 simulation assumptions, but for extended mobility cases, may result in improbable channel realizations, or in the worst case may violate the 38.901 channel model. For instance, in an Urban Micro scenario, if  18 m, but the minimum allowable value for  is only 10 m (TR 38.901 [1] Table 7.2-1). In this case, it is possible for the channel between a particular mobile UE and gNB to be initialized to NLoS and for the UE to eventually travel within 18 meters of this gNB; if the channel’s LoS state is static (remains NLoS), the UMi LoS assumption will be violated.
For Option B, each gNB-UE link is provided a soft LoS state calculated per Equation 7.6-18 provided in TR 38.901 [1], Section 7.6.3.3 as:
 where
·  is a spatially consistent Gaussian R.V. with correlation distance  according to 38.901 Table 7.6.3.1-2,
·  is the wavelength of the center frequency  (in meters), and
· .
To apply this soft LoS state, for each link, both LoS and NLoS channel coefficients  and  are generated per the 38.901 Fast Fading Model (Section 7.5, Steps 2-12), and the overall channel is calculated per 38.901 Equation 7.6-18 as
.
Although TR 38.901 [1] provides correlation distances for LoS random variables, a specific correlation function is not provided. To correlate the Gaussian random variables  used in soft LoS state generation in Option B, we consider exponential correlation:
where
·  is the distance between any two points in the xy-plane, and
·  is the correlation distance provided in Table 7.6.3.1-2.
This exponential correlation function is chosen to be consistent with the exponential autocorrelation function provided for shadow fading in 38.901, Section 7.4.4, as well as with the spatial correlation procedure provided in WINNER II [3], Section 3.3.1 (notably, 38.901 sources its large-scale parameter correlation procedure from this section of WINNER II.)
We assume that exponential correlation is applied on a per-gNB basis; that is, the Gaussians used to generate the soft LoS states for all UE-gNB links associated with a particular gNB are correlated per , and there is no inter-gNB LoS correlation. We also assume that the generated LoS states for given xy-locations are fixed in time, meaning UEs will only experience LoS state transitions as a result of mobility. With these assumptions, the following procedure provides one possible way of calculating Soft LoS transitions:
1. For each gNB in the simulation :
1.1. Establish a grid of location points  that covers the area in which mobile UE trajectories will be constrained.
1.2. Over  generate a grid  of standard normal Gaussian realizations at each grid point correlated in distance by 
1.3. Using the soft LoS state procedure outlined in TR 38.901 [1], Section 7.6.3.3, generate a grid of soft LoS realizations  from  and  for the given scenario.
2. During the channel update for each mobile UE :
2.1. For each gNB in the simulation , interpolate the soft LoS state for the UE-gNB link from  given the mobile UE’s xy-location.
Figure 4 and Figure 5 provide example grids of generated LoS states for the FR1 and FR2 cases, respectively, alongside the grids of correlated Gaussians and the LoS probability maps used in generating the LoS state grids.
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Figure 4 Example soft LOS grid alongside correlated Gaussians and LoS probability map, Uma scenario,  = 3 GHz
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Figure 5 Example soft LOS grid alongside correlated Gaussians and LoS probability map, UMi scenario,  = 30 GHz

Observation 1: For extended (inter-cell) UE trajectories, maintaining static LoS states may result in improbable or invalid channel realizations as UEs move very far away from (or very near to) gNBs.

Proposal 2: Consider the following options for LoS state updates for mobile UEs:
· Option A – static LoS state: maintain a constant LoS state throughout the simulation (consistent with Rel-18 simulation assumptions.)
· Option B – soft LoS updates: adopt the soft LoS update model outlined in TR 38.901 [1], Section 7.6.3.3. Use distance-based exponential correlation for soft LoS state generation.
We propose adopting Option B due to Observation 1.

Shadow fading updates for mobile UEs
We consider two options for updating shadow fading for mobile UEs:
· Option A – static shadow fading: the shadow fading value for a given gNB-UE is drawn once at the beginning of the simulation and remains unchanged as UEs move.
· Option B – location-specific shadow fading: shadow fading values from UE-gNB links are updated as UEs move such that the shadow fading values are exponentially correlated as per TR 38.901 [1], Section 7.4.4.
Option A is consistent with Rel-18 simulation assumptions but may result in unrealistic situations, particularly in the case of handover. Consider the scenario where the static shadow fading value for a particular UE-gNB link happens to be very high compared to shadow fading values between this UE and other gNBs; in this case, mean pathloss being equal, the UE will always have a higher chance of associating with this particular gNB.
For Option B, as with LoS state update Option B, we assume that shadow fading values are fixed in time for given xy-locations and independently calculated on a per-gNB basis. We also assume that a gNB’s shadow fading values are autocorrelated exponentially as per TR 38.901 [1], Section 7.4.4, with autocorrelation function
 where
·  is the 2D-distance between any two locations in the simulation, and
·  is the environment-specific correlation distance provided in TR 38.901 [1], Table 7.5-6.
With these assumptions, the following procedure provides one possible way to calculate shadow fading updates for mobile UEs:
1. For each gNB in the simulation :
1.1. Establish a grid of location points  that covers the area in which mobile UE trajectories will be constrained.
1.2. On top of  generate a grid of correlated shadow fading values , where  is the scenario/LoS-state-specific shadow fading standard deviation provided in TR 38.901 [1], Table 7.5-6, and the R.V.s at each grid point are correlated in distance by .
2. During the channel update for each mobile UE :
2.1. For each gNB in the simulation , interpolate the shadow fading value for the UE-gNB link from  given the mobile UE’s xy-location and UE-gNB link LoS. (Note that if shadow fading update Option B is used in conjunction with LoS state update Option B, both LoS and NLoS shadow fading values will be updated for a mobile UE to calculate  and  before the final combined channel is calculated.)
Figure 6 provides example LoS and NloS shadow fading grids for a particular gNB within a UMa simulation.
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Figure 6 Example LoS (left) and NloS (right) grids of correlated shadow fading values.

Observation 2: For extended (inter-cell) UE trajectories, static shadow fading values may result in improbable situations during handover.

Proposal 3: Consider the following options for shadow fading updates for mobile UEs:
· Option A – static shadow fading: the shadow fading value for a given gNB-UE is drawn once at the beginning of the simulation and remains unchanged as UEs move. (Consistent with Rel-18 simulation assumptions.)
· Option B – location-specific shadow fading: Update shadow fading values for mobile UEs such that shadow fading values are exponentially autocorrelated in distance per TR 38.901 [1], Section 7.4.4. 
We propose adopting Option B due to Observation 2.

3 Conclusions
In this document, we discussed considerations for extended UE mobility modeling in Release 19 AI/ML simulations in terms of both random trajectory generation as well as updated channel modeling requirements. Based on the above discussions, we recommend that RAN2 discuss the following observations and proposals.

Observation 1: For extended (inter-cell) UE trajectories, maintaining static LoS states may result in improbable or invalid channel realizations as UEs move very far away from (or very near to) gNBs.

Observation 2: For extended (inter-cell) UE trajectories, static shadow fading values may result in improbable situations during handover.

Proposal 1: For UE mobility modelling, the UE random trajectory model may be extended from Option 2 in TR 38.843 [2], Section 6.3.1, with an update to consider the union of geometric sectors from every gNB in the simulation as the valid trajectory generation region.

Proposal 2: Consider the following options for LoS state updates for mobile UEs:
· Option A – static LoS state: maintain a constant LoS state throughout the simulation (consistent with Rel-18 simulation assumptions.)
· Option B – soft LoS updates: adopt the soft LoS update model outlined in TR 38.901 [1], Section 7.6.3.3. Use distance-based exponential correlation for soft LoS state generation.
We propose adopting Option B due to Observation 1.
Proposal 3: Consider the following options for shadow fading updates for mobile UEs:
· Option A – static shadow fading: the shadow fading value for a given gNB-UE is drawn once at the beginning of the simulation and remains unchanged as UEs move. (Consistent with Rel-18 simulation assumptions.)
· Option B – location-specific shadow fading: Update shadow fading values for mobile UEs such that shadow fading values are exponentially autocorrelated in distance per TR 38.901 [1], Section 7.4.4. 
We propose adopting Option B due to Observation 2.
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Geometric sectors for 2-tier UMa model
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Example random UE trajectories for 20 UEs
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Soft LOS state (UMa, A = 0.1 m)
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Soft LOS state (UMi, A = 0.01 m)
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UMa shadow fading RVs, LOS
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