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Abstract: This paper discusses the understanding of relative velocity.
1. Introduction
Relative velocity refers to the velocity of a target UE relative to another UE, which is often used in ranging based services and sidelink positioning [1]. This paper we would like to present our views regarding to the definition of its radial and transverse component.
2. Discussion
According to the description in TS 23.586, the relative velocity can be described as shown in Figure 1.
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[bookmark: _Ref134638778]Figure 1 Understanding of the relative velocity decomposition
We believe that such an understanding may cause computational complexity in practical calculations. Figure 2 and Figure 3 show an example which describes the calculation process for radial and transverse component.
As shown in Figure 2, at T1, the target UE (yellow dot) is located at (0, 0)m with velocity (0, 4) m/s, and the direction is indicated by yellow arrow. At the same time, the reference UE (blue dot) is located at (1, 0)m with speed 3m/s in the x direction (blue arrow). Vector of relative velocity  is (-3, 4) m/s. Since the relative direction vector  of these two UEs is (-1, 0), the radial component is 3m/s.
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[bookmark: _Ref141713442]Figure 2 Example of the relative velocity component at T1

As shown in Figure 3, at T2=T1+1sec, the target UE moves to (0, 4)m and the reference UE moves to (4, 0)m. Both of them keep the same speed and direction unchanged. However, relative direction vector  changes to (, ), and the radial component changes to  m/s.
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[bookmark: _Ref141715002]Figure 3 Example of the relative velocity component at T2
Form the example, we can find that the radial and transverse component of relative velocity cannot be fixed values even if the two UEs keep their speed and direction unchanged, which is counter-intuitive. The underlying reason is that basis for the current relative velocity is not chosen to be nature basis (x,y)/(northbounding/westbounding), which is independent from the relative location between the two UEs.
Observation 1: The decomposition of relative velocity into radial axis and transverse axis will change as the relative position between UEs change.
The radial component could be meaningful only when the UE distance change is of interest; however, there could be some cases when only the verbal meaning of relative velocity expressed as regular horizontal velocity as adopted in the current TS 23.032 is of interest, which in this case is (-3, 4) m/s with proper transformation into speed and bearing. We think it is important to also capture in the specification as another alternative description for relative speed.
Proposal 1: For relative velocity, there should be another representation which is defined in a certain coordinate system, e.g. global coordinate system.

3. Conclusion and proposal(s)
In this paper, we discuss the understanding of relative velocity. Based on the discussion, we have the following observation and proposals.
Observation 1: The decomposition of relative velocity into radial axis and transverse axis will change as the relative position between UEs change.
Proposal 1: For relative velocity, there should be another representation which is defined in a certain coordinate system, e.g. global coordinate system.
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