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Abstract: Overview section of FS_Ranging TR22.855
**************** First Change ******************
2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	https://en.wikipedia.org/wiki/Azimuth
************* End of First Change ***************
**************** Second Change ******************
3	Definitions, symbols and abbreviations
3.1	Definitions
For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Secure Ranging: refer to transfer Ranging related data securely during Ranging operation.
Key performance indicators and key attributes for Ranging use cases are defined as follows: 
-	Ranging accuracy: describes the closeness of the measured position of the target UE to its true position value. It can be further divided into distance accuracy and direction accuracy (See the Annex). 

-	Confidence level: describes the percentage that true position is in the confidence interval considering the Ranging accuracy.
-	Effective Ranging distance: the largest distance between the UE who initiates the Ranging and target UEs in the Ranging operation. 
-	Environment of use: the physical environment between the UE who initiate the Ranging and target UEs, such as LOS environment and NLOS environment. Also the physical environments of the UE who initiate ranging, such as in coverage and out of coverage. 
-	Relative UE velocity: the target UE can be either static or mobile relative to the UE who initiates the Ranging. In the latter, the attribute shall also provide some elements about its motion, e.g. maximum speed, trajectory.
-	Availability: percentage of time when a ranging system is able to provide the required Ranging-related data within the performance targets or requirements.
-	Latency: time elapsed between the event that triggers the determination of the Ranging-related data and the availability of the Ranging-related data at the Ranging system interface. 
-	Power consumption: electrical power (usually in mJ) used by Ranging during Ranging operation.
-	Ranging interval: number of Ranging operations during a given time unit.   
************* End of Second Change ***************

**************** Third Change ******************

4	 Overview
[bookmark: _Hlk48835424]Ranging service (or Ranging in short) in this document refers to the determination of the distance between two UEs and/or the direction of one UE from the other one via direct communication connection. As shown in the following celestial coordinate, the horizontal direction (i.e. the Azimuth) of the target UE is the angle formed between a reference direction and a line from the observer UE to target UE projected on the same plane as the reference direction orthogonal to the zenith. is the angle between the reference vector and the projected vector. The elevation direction of the target UE is the angle above the horizontal plane [2]. 


Fig 4-1 illustration of horizontal/ elevation direction in celestial coordinate

For better understanding, Ranging in 2D coordinate system is taken as an example in Fig.4-2, where UE1 initiates the ranging operation and the coordinate system is centered at UE1. Furthermore, y-axis is the UE1’s pointing direction (reference direction). The ranging initiated by UE1 targets at knowing the distance of UE2 and UE3 to UE1 and also the direction (reference direction) of UE2 and UE3 relatively to UE1. 
As illustrated in Fig.4-2, at T=t1 UE2 is located at the 2-o’clock direction to UE1 with the direction information as θ1 =30 ° and distance as d1. UE3 is located at the 9-o’clock direction to UE1 with the direction information as θ2 =-90° and distance as d2. When the UE1 switches its pointing direction to UE2 at T=t2, the ranging results of UE2 change to θ1’ =0° and distance remains as d1, while the ranging results of UE3 change to θ2’ =-120° and distance remains as d2.
 [image: ]        [image: ]
(a) T= t1                                                                        (b) T=t2
Fig.4-2 Example of ranging (from T= t1 to T= t2)

Ranging service can be supported with or without 5G coverage. The figure Fig. 4-3 below is an illustration of 5G providing ranging service to UEs with or without 5G coverage. If licensed band is used for ranging, it shall be fully under operator control.:



Fig 4-32 illustration of 5G providing ranging service to UEs with or without 5G coverage 

************* End of Third Change ***************
**************** Fourth Change ******************
[bookmark: _Toc523816516][bookmark: _Toc47688377]Annex A:
Ranging accuracy is divided into distance accuracy and direction accuracy.
For better understanding, we give an example for the ranging accuracy in 2D coordinate system in Fig.A-1. From the distance perspective, the ranging accuracy on distance is described as Δd. Then the distance of UE3 from UE1 is d±Δd with confidence level 95%. The direction of UE2 to UE1 is θ±Δθ with confidence level 95%. Similar situation applied to the 3D coordinate system centred at the UE who initiates the ranging service.
[image: ]
               Fig A-1. Example of ranging accuracy


************* End of Fourth Change ***************
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