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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In TR38.901, two options, i.e., Procedure A and Procedure B, are proposed for modelling the spatial consistency when the UT mobility is considered. In this contribution, some theoretic issues w.r.t Procedure A is elaborated and the corresponding modifications are proposed with simulations.
Issues in Spatial-consistency UE mobility modelling Procedure A




As listed in TR38.901 section 7.6.3.2, in spatially-consistency UT mobility modelling-Procedure A, the following formulas are used for updating cluster departure angles (and) and arrival angles ( and):

                     (7.6-11)

                         (7.6-12)
and

                         (7.6-13)

                          (7.6-14)
According to the RAN1 progresses, the Procedure A was introduced for single interaction clusters in R1-161617 [1] and originally in Wang2015 [2]. In the way forward document [3], this method is extended to be a more general case after including an adoption. Based on the original deduction, the following assumption is adopted: 





The trajectory of the UE could be treated as an arc with radius d,  and ,where d represents 2D or 3D distance between Tx and Rx ,  and refers to the deviation of azimuth and elevation angle, respectively.

However, the following issues are observed in the current deviation of angles for both LoS and NLoS.

1) For LoS path

[image: ]


Figure 1  The arcs’ length used for calculating  and 

As shown in Figure 1, when UT moves from Rx0 to Rx1 in horizontal plane with linear velocity v(m/s), the deviation of the azimuth angle AOA can be concluded after time  t (sec):



Where the term  is the arc length between Rx0 and Rx0’ as show in Figure 1.

In elevation domain, the deviation of elevation angle ZOA can be concluded as: 



Where the term  is the arc length between Rx1 and Rx1’ as shown Figure1.

However, in (7.6-14), the deviation of elevation angle ZOA is as the following:






Where the term is the arc length between Rxo’ and Rx1 as shown in Figure1, which may lead to incorrect result, for example, when Tx and Rx0 is with the same height,  i.e.  is satisfied at time t0, no matter how UT moves in horizontal plane,  should always be satisfied. But it is not the case in (7.6-14) since the second item   is not always be zero.

The same issue exists in (7.6-12).

2) For NLoS path


in (7.6-11) and (7.6-13) is the 2D distance from Tx to Rx,, which is  ture for LoS path only. For NLoS path,  should be the 2D distance from Tx’ to Rx, where Tx’ is the image of Tx after reflections and/or diffractions, e.g. as shown in the Figure 2.
[image: ]
Figure 2   An Example of d2D(t0) and d’2D(t0) after reflections

Observation 1: In TR 38.901, the current formula in Procedure A is only valid for obtaining the azimuth deviation of LoS path. 
Theoretical Analysis for updating cluster departure angles and arrival angles
When Tx is fixed and Rx is moving, the target of this section is to derive the relationship under WSS assumption between the velocity vector of Rx in Cartesian coordinates and the angular speed in spherical coordinates.

LoS path: 






A coordinate system is defined by the x, y, z axes, the spherical angles and the spherical unit vectors as shown in Figure 3, where the zenith angle  and the azimuth angle are defined in a Cartesian coordinate system. Note that points to the zenith and points to the horizon. The field component in the direction of  and the direction of  is shown in Figure 3.
[image: ]
Figure 3



Definition of spherical angles and spherical unit vectors in a Cartesian coordinate system, whereis the given direction,  and are the spherical basis vectors






Let Tx be the origin as shown in Figure 3. Define the coordinates of Receiver: Rx= and , and consider the same definition of AoA(), AoD(), ZoA(), ZoD() as in TR38.901, so:

                                                                      (eq.2-1)
Where r = d3D, is the distance between Tx and Rx.

In LoS state, the following equations should be satisfied:


 and                                                                  (eq.2-2)  






In (eq.2-1), , r, , ,and  are function of time, so:

                                                   (eq.2-3)





(eq.2-4)


The velocity vector of Rx is defined as                                               (eq.2-5)

The following result can be derived by (eq.2-4) and (eq.2-5):

                     (eq.2-6)

   (eq.2-7)

                                               (eq.2-8)

According to equation (eq.2-2),


(eq.2-9)

                     (eq.2-10)

Summary for LoS path:

    (eq.2-11)

                                                   (eq.2-12)

      (eq.2-13)

                                                    (eq.2-14)

NLoS path: 







For NLoS path, the derivation procedure of and is the same as in LoS path except in (eq.2-11) and (eq.2-12), r being replaced by , and the velocity vector:  being replaced by , where is the 3D distance between Tx and Rx’, which is the image of Rx in Tx. is the velocity vector of  Rx’ for the specific NLoS path as shown in Figure 4.
[image: ]


Figure 4  An example of relationship between and 







The relationship between  and can be derived under WSS(Wide Sense Stationary) assumption when AoA(), AoD(), ZoA() and ZoD() are predefined.








As shown in Figure 4,  is the spherical unit vector of Rx with azimuth departure angle  and elevation departure angle .  is the spherical unit vector of Rx’ with azimuth departure angle and elevation departure angle , where  and .



The Rotation matrix R is defined to transfer  to : 
where

                                                            (eq.2-15)
and

                                                                 (eq.2-16)

                                       (eq.2-17a)

                           (eq.2-17b)

                                                                         (eq.2-18)

                                                       (eq.2-19)

In (eq.2-17b),  is the random number of Bernoulli distribution with possibility density function?


That illustrates two possible results due to the relationship between the normal vector of the reflection surfaces and the rotation axis, as show in Figure 5.

[image: ]
Figure 5 Example - Two possible rotation results of velocity vector V


So  can be derived as the following:

.                                                                              (eq.2-20)








The derivation procedure of  and  is the same as in LoS path except Tx being replaced by Tx’, the image of Tx after reflections/diffractions in Rx, as shown in Figure 6, and r being replacing by , which is the 3D distance between Rx and Tx’. What should be emphasized is that  and can be determined by (eq.2-13) and (eq.2-14) if the velocity  ,  and are given when an assistant coordinates in Tx’ is assigned with x-axis/y-axis/z-axis parallel to the ones in Rx coordinates.
[image: ]


Figure 6  An example of Tx being replaced by Tx’ in deriving  and  in Rx coordinates

Summary for NLoS path:

              (eq.2-21)

                                                            (eq.2-22)

                (eq.2-23)

                                                              (eq.2-24)



(eq.2-21)~(eq.2-24) for  NLoS path have the similar expression as (eq.2-11)~(eq.2-14) for LoS path except being replaced by and r being placed by r’.
Simulation
This section presents an example of simulation according to the modified Procedure A.




Assume the initial cluster departure angles (and) and arrival angles ( and) in P1 as the following, where P1 is the start point of Rx.




,and ,.
Suppose Rx moving along a trajectory as shown in Figure 7a and Table1. 
Linear interpolation is used to calculate the cluster delay of the middle points between anchor points as shown in Figure 7b.
[image: ]
Figure 7a The trajectory of Rx

[image: ]
Figure 7b Evolution of cluster delay

Table 1: The coordinates and delay of each anchor point in trajectory
	
	P1
	P2
	P3
	P4

	X(m)
	25
	40
	50
	42

	Y(m)
	25
	30
	12
	-12

	Z(m)
	0
	0
	0
	0

	Delay(ns)
	20
	35
	22
	100






When Rx moving along the trajectory with linear speed v = 3km/h, the updated cluster departure angles (and) and arrival angles ( and) are shown in Figure 8 and Figure 9
[image: ]
Figure 8 




The updated cluster departure angles (and) and arrival angles ( and) with B=1

[image: ]
Figure 9 




The updated cluster departure angles (and) and arrival angles ( and) with B=0
It can be concluded that the modified Procedure A can be used in long distance traveling.
Conclusion
In this contribution, the theoretic issues w.r.t to the formulas in Procedure A for the spatial consistency of UT mobility are analyzed with following observation and proposal: 
Observation 1: In TR 38.901, the current formulas in Procedure A are only valid for obtaining the azimuth deviation of LoS path.
Proposal 1: To update the formulas in section 7.6.3.2 Procedure a of TR38.901 with the corresponding CR[4]. 
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