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Abstract: This document discusses the definition of ranging and identifies the key performance indicators and key attributes for ranging. It then provides a Text Proposal on the use case and the associated potential requirements for FS_Ranging.
Discussion

What is ranging?

Ranging is defined as a process or method to determine the distance from one location or position to another location or position [1]. In 3GPP system, ranging is similar to the defined relative positioning in TS 22.261[2], where relative positioning is to estimate position relatively to other network elements or relatively to other UEs. The difference is that ranging is more about the distance and direction information of other UEs relatively to the UE who initiates the ranging. 

For better understanding, the ranging in 2D coordinate system is taken as an example in Fig.5.x.1-1, where UE1 initiates the ranging operation and the coordinate system is centered at UE1. Futher more, y-axis is the UE1’s pointing direction. The ranging initiated by UE1 targets at knowing the distance of UE2 and UE3 to UE1 and also the direction of UE2 and UE3 relatively to UE1. 

As illustrated in Fig.1, 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.
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(a) T= t1                                                                              (b) T= t2









     Fig.1 Example of ranging (from T= t1 to T= t2)
Similar to the ranging operation in 2D coordinate system, parameters also apply to the 3D coordinate system.
What key performance indicators and key attributes should be considered in ranging?

In TS 22.261[2] table 7.3.2.2-1, the performance for relative positioning includes the following parts:

	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 

(95 % confidence level)
	Positioning service availability
	Positioning service latency 
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 


	Vertical Accuracy

(note 1)
	
	
	5G positioning  service area
	5G enhanced positioning service area

(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	7
	R
	0,2 m
	0,2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h

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 (note 3)

	NOTE 1:
The objective for the vertical positioning requirement is to determine the floor for indoor use cases and to distinguish between superposed tracks for road and rail use cases (e.g. bridges).

NOTE 2: 
Indoor includes location inside buildings such as offices, hospital, industrial buildings. 

NOTE 3:
5G positioning nodes are infrastructure equipment deployed in the service area to enhance positioning capabilities (e.g. beacons deployed on the perimeter of a rendezvous area or on the side of a warehouse).




For ranging, accuracy, service availability, service latency, coverage, environment of use and UE velocity can also be considered as KPIs. However, the accuracy defined from horizontal and vertical perspective is not quite appropriate considering that the different coordinate system are used for ranging. 
The definition of position accuracy from horizontal and vertical perspective is as follows,
-
Position accuracy: describes the closeness of the measured position of the UE to its true position value. The accuracy can describe the accuracy of either an absolute position or a relative position. It can be further divided 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.

For more precise description for ranging accuracy, the ranging accuracy is proposed 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.
For better understanding, we give an example for the ranging accuracy in 2D coordinate system in Fig.2. 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 centered at the UE who initiates the ranging service.
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               Fig2. Example of ranging accuracy
The ranging accuracy is also affected by the ranging distance between two UEs. So we propose the definition of the effective ranging distance as follows:

-
Effective ranging distance: the maximum effective distance between the UE who initiates the ranging and other UEs as targets of the ranging operation. 
For KPIs on coverage, the environment of use and UE velocity, ranging is different from the absolute positioning, since the ranging signal is transmitted directly between two UEs. For coverage, considering if licensed band is used for ranging, operator control of the UE who initiates the ranging should be considered. 
-
Environment of use: the physical environment between the UE who initiates the ranging and the 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 moving 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.

For other KPIs, e.g., service availability, service latency, we propose to use following definitions:
-
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. At initialisation of the ranging system, the latency is also defined as the Time to First Fix.

-
Time to First Fix (TTFF): time elapsed between the event triggering for the first time the determination of the ranging-related data and the availability of the ranging-related data at the ranging system interface. TTTF is greater or equal to Latency.

-
Ranging frequency: number of ranging operation during a given time unit. 

Considering ranging may be used in consumer products, power consumption is also proposed to be one of KPIs.
-
Power consumption: electrical power (usually in mW) consumed per successful ranging operation.

Based on the proposed KPIs, we have following Text Proposal.
Begin 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://www.definitions.net/definition/ranging;
[3] 
3GPP TS 22.261: "Service requirements for the 5G system "; 

End first Change

Begin Second Change

3.1
Definitions

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.

-
Confidence level: describes the percentage that true position is in the confidence interval considering the ranging accuracy.

-
Bounded ranging distances: the largest distance between the UE who initiate 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. At initialisation of the ranging system, the latency is also defined as the Time to First Fix.

-
Time to First Fix (TTFF): time elapsed between the event triggering for the first time the determination of the ranging-related data and the availability of the ranging-related data at the ranging system interface. TTTF is greater or equal to Latency.

-
Power consumption: electrical power (usually in mW) used by ranging during ranging operation.

-
Ranging frequency: number of ranging operation during a given time unit.     
End Second Change

Begin Third Change

4. Overview
4.x  Foreword
4.x.1  Ranging

Ranging is defined as a process or method to determine the distance from one location or position to another location or position [2]. In 3GPP system, ranging is similar to the defined relative positioning in TS 22.261[3], where relative positioning is to estimate position relatively to other network elements or relatively to other UEs. The difference is that ranging is more about the distance and direction information of other UEs relatively to the UE who initiates the ranging. 

For better understanding, the ranging in 2D coordinate system is taken as an example in Fig.5.x.1-1, where UE1 initiates the ranging operation and the coordinate system is centered at UE1. Futher more, y-axis is the UE1’s pointing direction. The ranging initiated by UE1 targets at knowing the distance of UE2 and UE3 to UE1 and also the direction of UE2 and UE3 relatively to UE1. 
As illustrated in Fig.5.x.1-1, 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.
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(a) T= t1                                                                              (b) T=t2












Fig.5.x.1-1 Example of ranging (from T= t1 to T= t2)











   
End Third Change

Begin Fourth Change

5.x
Picture and video sharing based on ranging results
5.x.1
Description

Picture and video sharing is popularly used in recent smart phone market and brings life fun. More interesting functions can be introduced when the target for sharing is visiable to the user by using ranging. 
5.x.2
Pre-Conditions

This use case is about Mary and her friends who have a birthday party and take some pictures and videos by smart phone. These pictures and videos can be shared with each other and also displayed on some other devices with big screen, e.g., smart TV, laptop, pad, based on the ranging results between different devices. For example, Mary can share the picture to all of her friends or some friend by smart phone based on the distance and/or pointing direction of Mary’s phone. 
We use a simple 2D example involving two smart phones and one pad to show how ranging works. In Fig 5.y.2-1, the smart phone 1 initiates the ranging operation towards smart phone 2 and the Pad, where the coordinate system changes with the movement of the smart phone 1. The accuracy for the ranging may affect the identification of multiple UEs. Considering various realistic scenrios, a direction accuracy of 2° is considered acceptable estimation. For example, when the distance between two smart phones is 3m, 2° direction accuracy results in about 10 cm deviation perpendicular to distance. For the media sharing between a smart phone and a smart screen, where the distance is around 10m, the same 2° direction accuracy results in about half a meter deviation. For the latter case, it’s worth mentioning that the 2° direction accuracy still applies because larger surface screen area of the smart sceen will naturally compensate for a larger deviation on the tangent line in this case. 
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(a) Smart phone-1 points nowhere at t1

                      (b) Smart phone-1 points to Pad at t2
Figure 5.y.2-1: Ranging of smart phone-1 with coordinate system centered at smart phone-1
5.x.3
Service Flows
Mary selects the pictures and/or videos and decides to share or display, where Jays’s smart phone is not far from Mary’s smart phone.
Mary’s smart phone performs ranging based on the coordinate system defined by Mary’s smart phone, 
Based on the ranging results, Jay’s smart phone is detected and accordingy mapped in the coordinate system, which is visualized in Mary’s UE screen with distance and direction information, 
Mary selects Jay’s smart phone by touching Jay’s phone icon in the screen or pointing at Jay’s phone,
Mary’s smart phone starts to transmit picture and/or videos to jay’s smart phone.
5.x.4
Post-Conditions

None
5.x.5
Existing features partly or fully covering the use case functionality
None

5.x.6
Potential New Requirements needed to support the use case

[PR. 001] The 5G system shall be able to provide ranging service with following KPIs.
	Ranging scenario
	Accuracy 

(95 % confidence level)
	ranging service availability
	ranging service latency 
	Coverage, environment of use, Relative UE velocity, Power consumption, ranging frequency

	
	Distance Accuracy 


	Direction Accuracy


	
	
	Effective ranging distance
	Coverage state 
	State between UEs
	Relative UE velocity 
	Power consumption per ranging
	Ranging freqquency

	Picture and video sharing
	10cm
	2°
	99 %
	[50ms]
	10m
	IC/OOC

(NOTE1)
	LOS
	Static/ Moving

(<1m/s)
	<[X] mW
	1 per 50ms

	NOTE1: if licensed band is used for ranging, the UE who initiates the ranging operation should be in coverage.


End First Change
Reference

[1] https://www.definitions.net/definition/ranging
[2] TS 22.261 V17.3.0
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