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In RAN Plenary #86, agreements were made to discuss enhancements to improve latency and accuracy of Rel. 16 positioning techniques [1]. In Rel.17, less than 1m of accuracy is required for general commercial use case. For IIoT applications, less than 20cm of accuracy is required. The target latency requirement is less than 100ms while for IIoT applications order of 10ms is desired. During RAN1#101e, the following agreement was made considering mobility for UE [2].

	Agreement:
Optional: UE mobility can be considered in evaluation with the consideration of the spatial consistency procedure defined in TR 38.901.
· FFS: the details of the mobility models



In this contribution, mobility models which are commonly used in target tracking are discussed. In addition, treatment of UE at the cell edge is discussed. 
Mobility modelling
Constant velocity and turn model
 In target tracking, state-space based model is used to model maneuvering objects. Considering future evaluations involving automobile, trains or drones, the mobility model assumed in the evaluation should be forward-compatible. The state space model captures velocity and cartesian coordinates of UE [3]. In this contribution, nearly constant velocity and coordinated turn model is introduced. 

Constant velocity model

The nearly constant velocity model, in which a UE moves in one direction at constant speed, can be expressed as follows [3] : 
 				(1)
where , with Cartesian coordinates given by  and , respectively. Sample time in the mobility model is given by  in the equation above. Velocity in each direction are given by  and . Unpredictable disturbances in the mobility model are given  where  is AWGN with  and . 

Coordinated turn model

 The coordinated model with a constant turn rate  (radians per sec) can be expressed as follows :
 
 		(2)

Where , and , where  models unpredictable disturbance in the model, and is AWGN with  and .

Based on the above models, the following proposal is made.

Proposal 1 : Adopt constant velocity and coordinated turn model in Equation (1) and (2)

Considering that the agreed speed for UE is 3km/h [2], we propose to adopt 3km/h for velocity. For the coordinated turn model, considering that in the IIoT scenario, UE may make sharp turn to go around equipment or shelves, 30 degrees per second may be a suitable value for turn rate.

Proposal 2 : Adopt UE speed of 3km/h for velocity and turn rate of 30 degrees per second and report standard deviation assumed in the disturbance

In addition, UE in practical environment may switch between models, i.e., move in one direction uniformly for a certain duration and turn 90 degrees. Movement of automated guided vehicles (AGV) may be pre-programmed and move in constant manner, e.g., move straight for X seconds and turn 90 degrees, and continue moving straight for Y seconds. Companies should disclose switching patterns between 2 models above. For this reason, the following proposal is made.

Proposal 3: Companies to report switching mechanism and or exemplary trajectories assumed in the simulation

Treatment of UE near cell boundary
 In the IIoT scenario, where indoor factory environment is assumed, the location of UE when it comes near the cell boundary must be treated carefully. When UE comes near the boundary, there is a few treatments : 
[bookmark: _GoBack]
Reverse direction

In this model, once UE reaches the cell edge, i.e., factory wall, it reverses direction. It is a practical movement since UE such as automated guided vehicle (AGV) may change its course to avoid collision with the wall. An example of such movement is shown in Figure 1. 

[image: ]
[bookmark: _Ref47691415]Figure 1 UE changes its direction at the cell edge (cell edge movement model 1)
Alternatively, at the cell edge, UE may change direction so that it moves in a reflective manner. An example of UE movement is shown in Figure 2.

[image: ]
[bookmark: _Ref47692604]Figure 2 UE bounces off the wall at the cell edge (cell edge movement model 2)
Finally, once the UE reaches the cell edge, it can be modeled such that UE appears on the other side, wrapping around in the cell. An example of UE movement is shown in Figure 3.

[image: ]
[bookmark: _Ref47692704]Figure 3 UE wraps around the cell (cell edge movement model 3)
While the first 2 models imitate practical movement of UE in the factory environment, the third model allows UE to maintain its movement in the simulation. Companies can select which movement it has adopted in the simulation.

Proposal 4: Companies to report which cell edge movement model, illustrated in Figure 1, 2 and 3 in the contribution, was adopted in the simulation when UE at the cell edge in the IIoT scenario


Conclusion.
In this contribution, modeling of UE movement in IIoT scenarios is discussed. The following proposals are made.

Proposal 1 : Adopt constant velocity and coordinated turn model in Equation (1) and (2)

Proposal 2 : Adopt UE speed of 3km/h for velocity and turn rate of 30 degrees per second

Proposal 3: Companies to report switching mechanism and or exemplary trajectories assumed in the simulation

Proposal 4: Companies to report which cell edge movement model, illustrated in Figure 1, 2 and 3 in the contribution, was adopted in the simulation when UE at the cell edge in the IIoT scenario
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