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[bookmark: _Toc535258936]Start of changes
[bookmark: _Toc122684415]6.37 	Ranging based services
[bookmark: _Toc28364067][bookmark: _Toc122684416]6.37.1	Description
Ranging-based services are the applications utilizing the distance between two UEs and/or the direction of one UE from the other one. In 3D case, direction includes horizontal direction and elevation direction. Ranging-based services can apply to a variety of verticals, such as consumer, smart home, smart city, smart transportation, smart retail, and industry 4.0. Some ranging-based services can only require the distance measurement, some can only require direction measurement, others can require both distance and direction measurement.  
Ranging can be supported with or without 5G coverage,  and Fig.figure 6.37.1-1 is an illustration of ranging between UEs that are in coverage, out of coverage, or with partial coverage. Both licensed and unlicensed spectrum can be used for ranging. If licensed spectrum is used, it shall be fully under operator control. 


[bookmark: _Hlk71916259]Figure 6.37.1-1: illustration Illustration of ranging between UEs with or without 5G coverage

[bookmark: _Toc122684417]6.37.2	Requirements
The 5G system shall be able to support for a UE to discover other UEs supporting ranging.
The 5G system shall be able to authorize ranging for a UE or a group of UE when using licensed spectrum.
The 5G system shall be able to protect privacy of a UE and its user, ensuring that no identifiable information can be tracked by undesired entities during ranging.
The 5G system shall be able to enable or disable ranging.
The 5G system shall support mutual ranging, i.e. two UEs shall be able to initiate ranging to each other.
The 5G system shall be able to ensure that the use of Ranging, if in licensed spectrum, is only permitted in network coverage under the full control of the operator who provides the coverage.
NOTE 1: The above requirement does not apply for public safety networks with dedicated spectrum, where ranging might be allowed out of coverage or in partial coverage as well.
The 5G system shall support energy efficient UE ranging operation.
The 5G system shall be able to start ranging and stop ranging according to the application layer’s demand.
The 5G system shall be able to provide mechanisms for a MNO, or authorized 3rd party, to provision and manage ranging operation and configurations.
The 5G system shall be able to support mechanisms for a UE to assist another UE to perform ranging of a third UE (if the requesting UE is LOS with the assisting UE and the assisting UE is LOS with the third UE).
NOTE 2: It cannot be assumed that all ranging UEs support the same application for exchange of information.
The 5G system shall be able to support ranging enabled UEs to determine the ranging capabilities (e.g. capabilities to perform distance and/or angle measurement) of other ranging enabled UEs.
The 5G system shall be able to allow a ranging enabled UE to determine if another ranging enabled UE is stationary or mobile, before and/or during ranging.
NOTE 3: This may require assistance from other ranging enabled UEs.
The 5G system shall allow ranging between 2 UEs triggered by and exposed to a third UE.
The 5G system shall allow ranging service between 2 UEs triggered by and exposed to the application server.
The 5G system shall be able to support one UE initiating ranging to the other UE.
The 5G system shall be able to support ranging between UEs which subscribe to different operators.
The 5G system shall be able to allow roaming UEs to perform ranging.
The 5G system shall be able to ensure the integrity and confidentiality of ranging information used by ranging-enabled UEs.
The 5G system shall be able to ensure that user privacy is not violated during ranging, e.g., subject to regional or national regulatory requirements.
The 5G system shall be able to ensure security protection (e.g., interworking security) when the ranging concerns UEs subscribed with different operators.
The level of security provided by the existing 5G system shall not be adversely affected when ranging is enabled.
The 5G system shall support means to securely identify other ranging capable UEs, with which a certain UE can perform ranging.
Next change
[bookmark: _Toc122684477]7.9 	KPIs for ranging based services
In several scenarios, it can be beneficial to determine the distance between two UEs and/or the direction of one UE from the other one via direct communication connection. The functional requirements related to ranging based services can be found in clause 6.3637. Performance requirements for ranging based services in different scenarios can be found in table 7.9-1.
Key performance indicators and key attributes for ranging are defined as follows: 
-	Ranging accuracy: describes the absolute value of the deviation of the measured distance and/or direction between two UEs to the true distance and/or direction value. 
-	Confidence level: describes the percentage of all the possible measured distance and/or direction that can be expected to include the true distance and/or direction considering the ranging accuracy.
-	Effective ranging distance: the largest distance between the UE who initiates the ranging and target UEs in the ranging operation. 
-	Line-of-sight (LOS) Environment: the environment between the UE who initiates the ranging and target UEs, such as LOS and non-LOS (NLOS). 
- 	Coverage: type of radio coverage conditions of the UEs who are involved in ranging, such as in coverage (IC), partial coverage (PC) and out of coverage (OOC). See also fig.figure 6.3637.1-1.
NOTE:	If using licensed spectrum, ranging is only permitted in network coverage under the full control of the operator who provides the coverage​, except for public safety networks with dedicated spectrum where ranging might be allowed out of coverage or in partial coverage as well. 
-	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 value of the amount of time when a ranging system is able to provide the required ranging-related data within the performance targets or requirements divided by the amount of time the system is expected to provide the ranging service in a targeted service area.
-	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. 
-	Ranging interval: time difference between two consecutive ranging operations.
Table 7.9-1: Performance requirements for ranging based services
	Ranging scenario
	Ranging Accuracy 
(95 % confidence level)
	Availability
	Latency
10ms
50ms
50ms
	Effective ranging distance
	Coverage 
	NLOS/LOS
	Relative UE velocity 
	Ranging interval
	Number of concurrent ranging operation for a UE
	Number of concurrent ranging operation in an area

	
	Distance Accuracy

	Direction Accuracy
	
	
	
	
	
	
	
	
	

	Smart TV Remoter
	10cm up to 3 meter separation
	[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK48][bookmark: OLE_LINK47]±2° horizontal direction accuracy at 0.1 to 3 meter separation and AoA coverage of (-60°) to (+60°);
±2° Elevation direction accuracy at 0.1 to 3 meter separation and AoA coverage of (-45°) to (+45°)
	99 %
	50ms
	10m
	IC/PC/OOC
	LOS
	Static/ Moving
(<1m/s)
	50ms
	 -
	-

	Picture and video sharing based on Ranging results
	10cm
	2°
	99 %
	50ms
	10m
	IC/PC/OOC
	LOS
	Static/ Moving
(<1m/s)
	50ms
	 -
	-

	Distance based smart device control
	10cm
	-
	99 %
	100ms
	20m
	IC/PC/OOC
	LOS
	Static/ Moving
(<1m/s)
	50ms
	 20
	-

	Smart Vehicle Key
	10 cm
	-
	99 %
	50ms
	30m
	IC/PC/OOC
	LOS
	Static/ Moving
(<2m/s)
	25ms
	 -
	50UEs/
(104m2)

	Touchless Self-checkout Machine Control
	10cm
	-
	99%
	150ms
	1m
	IC/PC/OOC
	LOS
	Static/ Moving
(<1m/s)
	100ms
	-
	=

	Hands Free Access
	10cm
	-
	99 %
	500ms
	10 m
	IC/PC/OOC
	LOS
	Static/ Moving
(1 m/s)
	50ms
	 -
	20 UEs/3.14*100m2

	Smart Transportation Metro/Bus Validation
	10cm
	-
	99 %
	-
	2m
	IC/PC/OOC
	LOS
	Static/ Moving
(3km/h)
	50ms
	 20
	100 in the area of 8 m2

	Ranging of UE’s in front of vending machine
	20cm
	10°
	-
	1s
	5m
	IC/PC/OOC
	LOS
	Static/ Moving
(<1m/s)
	50ms
	 -
	10

	Finding Items in a supermarket 
	50 cm
	5 degree
	95 %
	-
	100m
	IC/PC/OOC
	LOS
	Static/ Moving
(<1m/s)
	250ms
	 -
	100 UEs/
(3.14*104m2)

	distance based intelligent perception for public safety
	50cm
	-
	99 %
	-
	20m
	IC/PC/OOC
	LOS
	Static/ Moving
(<20km/h)
	-
	100
	-

	Long Distance Search
	20m
	5°
	99 %
	-
	100m-1km
	IC/PC/OOC
	LOS
	Static/ Moving
(up to 10m/s)
	5s
	 -
	-

	Long range approximate location
	[10m]
	±[12.5°]
	99 %
	-
	500m
	IC/PC/OOC
	LOS
	Static/ Moving
(<10m/s)
	-
	1
	[50]UEs/
(104m2)



End of changes
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