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Abstract: Discussion on the definition of absolute and relative positioning 
Summary
Until today, various requirements for absolute and relative positioning are available in 3GPP documents, but no clear definition of absolute or relative positioning has been established yet. 
In the following, the implications of relative and absolute positions is discussed, and a definition for absolute and relative positioning is proposed. 
Introduction

The distinction between relative and absolute is often use-case specific, or at least conclusive with respect to a specific use-case, e.g. “relative lateral position accuracy of 0.1 m between UEs supporting V2X application” (TS 22.186). Absolute positions often only assumed in contrast to relative positions, e.g. “either absolute height/depth or relative height/depth to local ground level” (TS 22.071). 

Discussion

First, all positioning is relative, because positioning always involves measurements relative to other entities . Absolute positions in general is defined as an interpretation of relative positions in relation to a fixed/defined coordinate system.
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Figure 1: Relative position and absolute position in relation to a defined coordinate system 

In practice, the differentiation between absolute and relative positioning can be important for various reasons:

· When the definition of a fixed coordinate system is difficult or not feasible, only relative positioning might be possible. E.g., UE relative to another moving UE outside of coverage.

· When absolute positions are not required, and the effort of defining a fixed coordinate system can be avoided; e.g. distance between two UEs or speed of a specific UE can be derived from relative positions

Differentiation between distance and position:
Beside the differentiation between absolute and relative positioning, some of the technical specifications seem to treat positions and distances synonymously. Thereby it is noted, that distances are not positions, but can be derived from absolute as well as relative positions. Likewise, velocity can be derived from a time series of absolute or relative positions, but also from a time series of distances.

Methods like sidelink ranging (possibly introduced with Release 17) could be used to measure distances and velocity directly, while bypassing positioning. Accordingly, an exact differentiation between relative and absolute positioning as well as a distinction from distance and velocity can be significant for meeting use-case requirements and considering appropriate methods.
Possibilities of multi-hop relative positioning:
If we consider multi-hop distance measurements or positioning, additional error sources occur, which are decreasing accuracy. Additional error sources come for example from:

- relative movement between units and depends on the velocity of the movement,

- deployment of the UEs (geometrical dilution of precision),

- surveying error of UEs taking part in the measurement process. 

In general, due to those additional errors multi-hop relative positioning (especially for dynamic scenarios) may not be able to provide required accuracy within required confidence level.

Summary of relative positioning mentioned in technical specifications (TS):

When providing a Location Estimate, the LCS Server may provide the vertical location of an UE in terms of either absolute height/depth or relative height/depth to local ground level (TS 22.071).

The vertical location of the UE shall be expressed in terms defined by local regulatory requirements which may include absolute height/depth or relative height/depth to ground level (TS 22.071).

The 3GPP system shall support relative lateral position accuracy of 0.1 m between UEs supporting V2X application (TS 22.186).

The 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application for platooning in proximity (TS 22.186).

The 5G system shall provide different 5G positioning services, supported by different single and hybrid positioning methods to supply absolute and relative positioning (TS 22.261).

Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each others (TS 22.261).

The 5G system shall provide positioning information with  accuracy of < [Xm] relative to other map objects for the UE which is out of coverage of the network, via other UEs which are in proximity and in the coverage of network. (TS 22.832)  

Summary of relative positioning mentioned in technical reports (TR):

Position accuracy: describes the closeness of the measured position of the UE to its true position value. The accuracy can describe the accuracy either of an absolute position or of a relative position. It can be further derived into a horizontal position accuracy – referring to the position error in a 2D reference or horizontal plane, and into a vertical position accuracy – referring to the position error on the vertical axis or altitude. (TR 22.872, 5.1.1)
Between 0.1 m and 0.3 m. This derives from the need to control objects moving in 3D, in particular in vicinity of obstacles (e.g. UAV in landing phase) whereby the positioning accuracy may be relative to other objects (not absolute). In those cases, primarily outdoor environment of use is considered, and these are either environment with mild signal obstruction or enhanced positioning areas (e.g. a few tens of meters around the docking station). Additionally, indoor use cases with a small service area may be considered. (TR 22.872, 5.1.1)

TR 22.804 (Table 4.3.4.5.3-1: Metric for positioning parameter)

	Parameter name
	Typical metric (unit)

	Position
	Absolute position (Y/N); position relative to base station (Y/N); update rate (s-1); time to first fix (s); combined type-A and -B uncertainty [53]; encryption protocol for position
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Figure 2: Comparison between absolute and relative positioning as defined in available TS 
Recommendation
In the context of 5G relative positioning should be defined as follow:



Relative positioning is position estimated relatively to other network elements or relatively to other UEs.
�gNB4 instead of eNB4, coordinate system instead of coordination system
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