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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94e the SID for “Study and improved NR positioning” was approved [RP-213588]. The first objective of the SI is to:
“Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the use cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g., TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g., configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network-based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.”

[bookmark: _Hlk100073409]SL Positioning Scenarios 
According to the improved NR positioning SID [1], RAN1 should study sidelink (SL) positioning solutions for various scenarios and requirements. 
In this contribution, for positioning purposes, we define the target UE as the UE that requires position determination, and the anchor nodes those devices such as UEs, RSU, or gNB that are used as references for position determination. The anchor nodes may be used to determine the relative or absolute position of the target node. In the scenarios analyzed we consider at least the PC5 interface that is present and used for positioning purposes.
Observation 1: A SL positioning scenario as the positioning scenario where at least one sidelink wireless link is used to carry signals for position determination of a target UE.
The solutions to be studied in this SID should be able to address multiple use cases such as V2X (TR38.845, TS 22.186), public safety (TR38.845), commercial (TS22.261), and IIOT (TS22.104).
Moreover, based on the coverage, the V2X positioning solutions should encompass scenarios when the target SL UE is in coverage of gNB and/or Road Side Units (RSUs), scenarios when target UE and/or anchor nodes (such SyncRef UEs) are in partial coverage and respectively scenarios when target UE and anchor nodes are out of coverage.
It was determined, in the previous study [TR 38.845], that most of positioning scenarios exhibit non-line of sight propagation (NLOS) conditions, which contribute substantially to the degradation of the accuracy of position determination. Thus, the positioning solutions should be able to operate in scenarios with NLOS propagation between the target and the anchor nodes.
In this contribution we will take a closer look at the scenarios and the associated requirements for sidelink positioning.
 
V2X scenarios
The 3GPP system (TS22.261, TS 22.186) is expected to support various enhanced V2X scenarios such as:
· Vehicles Platooning, 
· Advanced Driving (semi-automated, fully automated driving), 
· Extended Sensors (exchange of raw or processed data gathered through local sensors or live video data among vehicles, RSUs, devices of pedestrians and V2X application servers)
· Remote Driving 
· Vehicle Quality Service Support (timely notifications of expected or estimated change of quality of service before actual change occurs)
It is expected that some scenarios, such as outdoor dense urban, the NLOS propagation and limited GNSS access will pose more difficulties for location determination. On the other hand, other outdoor scenarios such as the highways will pose different type of challenges determined by the high vehicle speeds (Doppler phase shift). 
Coverage
Figure 1 shows various scenarios to be supported by the V2X positioning solutions.  The target UE may be in coverage of gNB (Uu link) or in the coverage of Roadside Units (RSU with PC5 link). When the target UE is in partial coverage there is no direct link to gNB or RSU, however the network is reachable through a SL relay. It expected that a Location Management Function (LMF) will orchestrate the positioning configurations of the reference signals and their measurements for the in coverage and partial coverage situations.  
As Figure 1 suggests, it is expected that Uu interface (uplink and downlink), PC5 interface (sidelink), and their combinations may be considered as the radio link for positioning. In the Figure 1 S-PRS denotes the SL Positioning RS, necessary for positioning purposes and carried over PC5.
Uu interface is available for UEs under in-coverage scenario, and for UEs under network coverage in partial coverage scenario, while PC5 interface is available for UEs under in-coverage, partial coverage, out-of-coverage scenarios.
For the out of coverage situations, both target UE and anchor UEs do not have a direct link to the network (gNB, or RSU). For these scenarios, RAN1 needs to study and define how the management of SL positioning is implemented. 
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Figure 1, Examples of V2X scenarios in coverage, partial coverage and out of covverage

Position Calculation Entity
5GAA [6,7,8] and 3GPP [TR 38.845] identify two configuration cases based on the calculation entity. The UE based solutions, where the target UE collects the measurements and estimates its location, and the UE assisted solutions, where the target UE collects some or all measurements and send them to the network where LMF estimates the location. We note that the type of the position calculation entity does not limit which interface(s) can be used for the radio link(s). The UE based solutions may not require the connectivity to an LMF entity.
Spectrum
The Intelligent Transportation System (ITS) applications will deploy the V2X communications in dedicated spectrum.
· In November 2020, the FCC adopted a Report & Order (R&O) in docket number 19-138 [7] revising its rules for the 5850-5925 MHz band, which had been dedicated exclusively for DSRC. The R&O concluded that the United States should move forward with C-V2X in the 5895-5925 MHz portion of the band.
· In October 2018, in China, the MIIT decided to make 5905-5925 MHz available for use by LTE-V2X (PC5) in China on a technology specific basis, with the lower 10 MHz block for V2V communications, and the upper 10 MHz block for V2I/I2V communications.
· In Europe 5855-5875 MHz is designated for non-safety road-ITS, whereas 5875-5935 MHz is designated for safety related ITS.
Different V2X scenarios require the transport of V2X messages with different performance requirements for the 3GPP system. Depending on the requirements some of the services V2X may be deployed in the ITS speactrum while others can be deployed in the licensed spectrum. For instance, the services that require basic safety may be in ITS spectrum and advanced services using for example unicast communication may use licensed spectrum. The positioning accuracy is expected to be related to the amount of available spectrum. 
In TR 38.855 the BW considered for positioning takes values of 5, 50 and 100 MHz (FR1), and 100, 400 MHz (FR2). These values may cover both the ITS and the licensed applications of the V2X positioning. A SL UE may be able to use for SL positioning references with different signaling and bandwidth sizes.
Proposal 1: The SL positioning solutions should be able to cover and combine a wide range of signaling BW sizes from 5, 10, and 20 MHz (ITS), 5, 50, and 100 MHz (FR1), to 100, 400 MHz (FR2). 

Absolute and Relative Positioning
Depending on the scenario and the available anchor position the SL positioning method may provide the absolute position or the relative position:
· Absolute position: the longitude and latitude of the SL UE target device are calculated. An anchor with known location (gNB, RSU or another vehicle) is required to calculate absolute position
· Relative position: the relative position such as the distance or the relative angle between the target UE and anchor nodes is calculated. This is also known as “sidelink ranging”, and it can be useful for collision warning for instance.
TS 22.104 defines the necessity of relative position determination for out-of-coverages situations.
· “The 5G system shall provide positioning information for a UE that is out of coverage of the network, with accuracy of < [1 m] relative to other UEs that are in proximity and in coverage of the network
Observation 2: The SL positioning scenarios will require solutions for absolute and relative position determination.

V2X positioning requirements
5GAA [6] identifies three types of services over C-V2X: traffic safety, traffic efficiency and information services. Different positioning requirements are defined in each service scenario. While [6] offers an extensive list of use cases and requirements [Table 5.1-1], in general the services may be classified in three categories.
Examples of C-V2X scenarios that require tens of meters level accuracy:
· Traffic jam warning: 20m (one sigma) 
· Software update: 30m (one sigma)
· HD content delivery: 30 to 50m (one sigma)
Examples of C-V2X scenarios that require meter level accuracy:
· Intersection Movement Assist:1.5m (three sigma)
· Lane changing warning :1.5m (one sigma)
· Vulnerable road user – awareness: 1m (three sigma)
· Vehicle platooning in steady state: 1.5m (three sigma)
· Cooperative lane merge: 1.5m (three sigma)
Examples of C-V2X scenarios that require sub-meter level accuracy:
· Infrastructure-based tele-operated driving: 0.1m (three sigma)
· Automated intersection crossing: 0.15m (three sigma)
· Cooperative manoeuvres for autonomous vehicles for emergency situations: 0.2m (three sigma)
· Vulnerable road user – collision warning: 0.5m (three sigma)
These requirements are defined for 3D/2D scenarios, for absolute and relative position determination including out-of-coverage scenarios.
The above constraints for the accuracy levels must be satisfied for various speeds of the vehicles (Doppler shift) and various densities of the vehicles. The vehicle velocities considered by 5GAA vary from stationary scenarios (0 km/h for Accident report) and very low speeds of 10-20 km/h (obstructed view assist via CCTV) to medium speeds of 50-70 km/h (tele-operated driving and group start, vulnerable road user urban collision warning) and to higher speeds (120km/h set-through for pass maneuver, 250km/h remote automated driving cancellation, real-time situational awareness and high-definition maps, or emergency break warning).
Proposal 2: For SL V2X scenarios consider three category of velocity levels: low velocity (less than 20km/h), medium velocity (20-100km/h) and high velocity (100-250km/h).
The vehicle density is another characteristic of the positioning scenarios. Examples of such densities are (in units/km^2): 1500 for cross-traffic left-turn assist, 12000 for intersection movement assists or emergency breaking, and 4500 for traffic jam warning. The unit density may influence the interference and latency of the SL positioning. 
[bookmark: _Hlk102027413]Observation 3: The SL V2X positioning solutions should be able to operate in multiple service areas and channel propagation conditions such as:
· Rural (9000 units/km^2)
· Urban (12000 units/km^2) both Micro and Micro
· Highway (4500 units/km^2)

IoT
The high accuracy positioning requirements for factories are defined in TS22.104. Such applications for high accuracy positioning are for tracking of mobile devices as well as of mobile assets. The 5G system shall provide positioning information for a UE out of coverage with accuracy < [1m] relative to other UEs that are in its proximity. The scenarios and the requirements for horizontal and vertical accuracy are provided in Table 5.7.1-1 in TS 22.104 (Appendix A). The study will consider SL positioning solutions for the factory scenarios presented in TS 22.104. We note that the requirements for such scenarios vary from high accuracy of 0.5m horizontal and 0.3m vertical with very low latency (delay) of 150ms for drone control to lower accuracy and higher delay for emergency calls of 50 m horizontal, 3m vertical and 30 seconds latency.
Observation 4: IoT applications may be require positioning solutions that provide very high accuracy of 0.5m horizontal and 0.3m vertical with very low latency of 150ms in outdoor service areas.
We note that these requirements do not exclude other forms of positioning than 5G, therefore is expected that for very stringent requirements hybrid solutions will be considered (for instance usage of RAT-independent techniques such as radars, accelerometers, gyroscopes, etc.). Moreover, scenarios like remote UAV control may benefit of LOS propagation between target and anchor nodes.

Public Safety
Public safety positioning requirements are defined in TS 22.261 and TS 22.280. 
TS 22.261 provides positioning requirements for the mission critical organizations. 
“Mission Critical Organizations require mission critical services to have accurate positioning such that first responders may be located at all times during normal and critical operations, indoors as well as outdoors. The level of positioning accuracy (and other KPIs) required is much more stringent than that required by local and regional regulatory requirements for commercial 5G users.”
The high accuracy positioning requirements are captured in TS 22.661 Table 7.3.2.2-1 (Appendix A)
The horizontal accuracy  for absolute precision based on the positioning service level is between 0.3m and 10 m, while the vertical accuracy is between 2m and 3m. For relative positioning the requirement is more stringent than the absolute positioning, and it is 0.2m both for horizontal and vertical.
Observation 5:  5G solutions for public safety scenarios may require very high accuracy of 0.2m horizontal and 0.2m vertical within 1s delay for relative indoor positioning, and 0.3m horizontal and 2m vertical within 1s delay for absolute high speed outdoor positioning scenarios.
[bookmark: _Hlk100073394]
[bookmark: _Hlk100073366]SL Positioning Target Performance Requirements
It is expected that most of SL UE will support the UE positioning as defined in Rel 16 and Rel 17 when conditions allow, i.e., when UE is in gNB coverage. Therefore, a good starting point for the positioning requirements are the requirements defined in TR 38.855. 
At the same time, taking into consideration the requirements for V2X, IoT and public safety as presented above we suggest the following requirements as a starting point of the discussions for SL positioning scenarios:
Proposal 3: For SL positioning consider three category of horizontal position accuracy levels: tens of meters [10-20m], meters[1-3m], and sub-meter [0.2-0.5m]. Consider vertical position accuracy level of sub meter [<1m] and of above meter[1-3m].
Proposal 4: For SL positioning consider the latencies (delays) levels requirements [150ms, 1s].  
Few clarification remarks should be considered together with above proposals:
[bookmark: _Hlk102027555]Observation 6: It is understood that there is no single positioning technology or method that must meet all the target performance requirements for every scenario. 
Observation 7: Some of the SL positioning target performance requirements may be satisfied through a combination of RAT independent and RAT dependent solutions.

Conclusions
Observation 1: A SL positioning scenario as the positioning scenario where at least one sidelink wireless link is used to carry signals for position determination of a target UE.
Proposal 1: The SL positioning solutions should be able to cover and combine a wide range of signaling BW sizes from 5, 10, and 20 MHz (ITS), 5, 50, and 100 MHz (FR1), to 100, 400 MHz (FR2). 
Observation 2: The SL positioning scenarios will require solutions for absolute and relative position determination.
Proposal 2: For SL V2X scenarios consider three category of velocity levels: low velocity (less than 20km/h), medium velocity (20-100km/h) and high velocity (100-250km/h).
Observation 3: The SL V2X positioning solutions should be able to operate in multiple service areas and channel propagation conditions such as:
· Rural (9000 units/km^2)
· Urban (12000 units/km^2) both Micro and Micro
· Highway (4500 units/km^2)
Observation 4: IoT applications may be require positioning solutions that provide very high accuracy of 0.5m horizontal and 0.3m vertical with very low latency of 150ms in outdoor service areas.
Observation 5:  5G solutions for public safety scenarios may require very high accuracy of 0.2m horizontal and 0.2m vertical within 1s delay for relative indoor positioning, and 0.3m horizontal and 2m vertical within 1s delay for absolute high speed outdoor positioning scenarios.
Proposal 3: For SL positioning consider three category of horizontal position accuracy levels: tens of meters [10-20m], meters[1-3m], and sub-meter [0.2-0.5m]. Consider vertical position accuracy level of sub meter [<1m] and of above meter[1-3m].
Proposal 4: For SL positioning consider the latencies (delays) levels requirements [150ms, 1s].  
Observation 6: It is understood that there is no single positioning technology or method that must meet all the target performance requirements for every scenario. 
Observation 7: Some of the SL positioning target performance requirements may be satisfied through a combination of RAT independent and RAT dependent solutions.
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Appendix A
Table 6.1-1, TR 22.872
	Use cases
	Potential requirements per use cases

	
	Environment of Use
	Position Accuracy
	Velocity
	Avail.
	Update rate or interval
	TTFF
	Latency
	Other KPI

	5.2.1
	Bike sharing
	5G positioning service area - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	

	
	
	Enhanced positioning area - Outdoor
	0.2m Horizontal
	
	99 %
	
	10s
	1s
	

	5.2.2
	Augmented Reality
	Outdoor - 5G positioning service area
	1-3m Horizontal
0.1-3m Vertical
	2 m/s
 10deg.
	80 %
	1 - 10 Hz
	10s
	1s
	Low Energy

	5.2.3
	Wearables
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	90 %
	30s - 300s
	10s
	
	Power saving mode

	
	
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	99 %
	1s - 30s
	10s
	1s
	Normal mode

	5.2.4
	Advertisement push
	5G positioning service area - -Outdoor/Indoor
	3m Horizontal
3m Vertical
	
	90 %
	
	
	60s
	

	5.2.5
	Flow management
	Enhanced positioning- Outdoor/Indoor
	10m Horizontal
	
	80 %
	10s
	10s
	
	

	5.3.1
	Person and medical equipment location in Hospital
	Enhanced positioning- Outdoor/Indoor
	3m Horizontal
2m Vertical
	
	99 %
	
	
	60s
	

	5.3.2
	Patient location
(outside Hospital)
	5G positioning service area 
Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	99 %
	
	
	
	

	5.3.3
	Trolley
	Enhanced positioning- Outdoor/Indoor
	0.5m Horizontal
1-3m Vertical
	
	99 %
	
	
	20ms
	

	5.3.4
	Waste management
	5G positioning service area - Outdoor
	3m Horizontal
	
	99 %
	2h - 1 day
	
	60s
	Very low energy (15 years)

	5.4.1
	Emergency call
	5G positioning service area 
Outdoor/Indoor
	50m Horizontal
3m Vertical
	
	95 %
	
	30s
	60s
	Reliability/
Confidence

	5.4.2
	Accurate Positioning for First Responders
	Outdoor
	1m Horizontal, 
0.3 m Vertical
	
	98 %
	
	10s
	5s
	MCX Confidence
Event-triggered report

	
	
	Indoor
	1m Horizontal, 
2 m Vertical
	
	95 %
	
	10s
	1s
	

	5.4.3
	Alerting nearby emergency responders
	5G positioning service area Outdoor/Indoor
	50m Horizontal
3m Vertical (floor)
	
	99%
	
	10s
	
	Privacy, scalability, cross operator

	5.4.4
	Emergency equipment loc. outside hospitals
	5G positioning service area Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	95%
	
	10s
	
	Extended sleep periods

	5.5.1
	Traffic Monitoring & Control
	5G positioning service area - Outdoor
	1-3m Horizontal
2.5m Vertical
	
	95 %
	10 Hz
	10s
	30ms
	Antispoofing
Antitampering

	5.5.2
	Road User Charging
	5G positioning service area - Outdoor
Enhanced positioning-Tunnels
	<1m (across track)
3m (along track)
	2 m/s
	99 %
	1 Hz
	10s
	
	Antispoofing
Antitampering

	5.6.1
	Asset tracking and management
	5G positioning service area - Outdoor
	10-30m Horizontal
	5 m/s
	99 %
	300s-1day
	
	
	20 mJ/fix (average), Antispoofing, Antitampering, support for "out of coverage" positioning

	
	
	Enhanced positioning - Outdoor
	1m Horizontal
	
	99 %
	1s
	1s in enhanced positioning area
	
	

	5.7.1
	UAV
(Data analysis)
	5G positioning service area - Outdoor
	0.1m Horizontal
0.1m Vertical
	0.5 m/s
2 deg.
	99 %
	
	10s
	
	Low Energy, Antispoofing, Antitampering

	5.7.2
	UAV (Remote control)
	5G positioning service area - Outdoor
	0.5m Horizontal
0.3m Vertical
	
	99 %
	
	
	150ms
	Antispoofing
Antitampering

	
	
	Enhanced positioning area - Outdoor
	0.5m Horizontal
0.1m Vertical
	
	99.9 %
	
	
	150ms
	Antispoofing
Antitampering

	5.8.1
	Support multiple different location service
	5G positioning service area - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	Management of different KPI and positioning services

	
	
	Enhanced positioning area - Indoor
	0.1m Horizontal
	
	99 %
	
	10s
	1s
	

	5.8.2
	Support location method negotiation
	5G positioning service area Outdoor/Indoor
	
	
	
	
	
	
	Support + negotiation of positioning methods (incl. hybrid)

	Note: most use cases also feature potential requirements on modes of operation, intended for the UE, the Network or for the 5G system.
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TS 22. 104 Table 5.7.1 - 1: Positioning performance requirements  

Scenario  Horizontal  accuracy  Vertical  accuracy  Availabili ty  Heading  Latency for  position  estimation of  UE  UE  speed  Corresponding  Positioning  Service Level in  TS 22.261  

Mobile control  panels with safety  functions (non - danger zones)  < 5 m   < 3 m  90   %  n/a  < 5 s  n/a  Service Level 2  

Process  automation  –   plant  asset management  < 1 m  < 3 m  90   %  n/a  < 2 s  < 30  km/h  Service Level 3  

Flexible, modular  assembly area in  smart factories (for  tracking of tools at  the work - place  location)  < 1   m (relative  positioning)  n/a  99   %  n/a  1 s  < 30  km/h  Service Level 3  

Augmented reality  in smart factories  < 1 m  < 3 m  99   %  <   0.17   rad   < 15 ms  < 10  km/h  Service Level 4  

Mobile control  panels with safety  functions in smart  factories (within  factory danger  zones)  < 1  m  < 3 m  99.9   %   <   0.54   rad  < 1 s  n/a  Service Level 4  

Flexible, modular  assembly area in  smart factories (for  autonomous  vehicles, only for  monitoring  purposes)  < 50 cm  < 3 m  99   %  n/a  1 s  < 30  km/h  Service Level 5  

Inbound logistics  for  manufacturing  (for driving  trajectories (if  supported by  further sensors like  camera, GNSS,  IMU) of indoor  autonomous driving  systems))  < 30 cm (if  supported by  further sensors  like camera,  GNSS, IMU)   < 3 m  99.9   %  n/a  10 ms  < 30  km/h  Service Level 6  

Inbound logistics  for manufacturing  (for storage of  goods)  < 20 cm  < 20 cm  99   %  n/a  < 1 s  < 30  km/h  Service Level 7  
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Table 7.3.2.2 - 1 Performance  requirements for H o rizontal and Vertical positioning  service  levels  

Po sitioning  s ervice l eve l  A bsolute(A) or  Rel ativ e(R)   positi o ning  Accuracy    (95 %   confidence  level)  Positionin g  service  availabili ty  Position ing  ser vice  l atency    Coverage, environment of us e and UE velocity   

Horizontal  Accurac y     Vertical   Accuracy   (note 1)   5G posi tionin g   s ervice area  5G e nha nce d   po siti oning  s er vice   area   (note 2 )  

Outdoor and  tunnels  I nd oor  

1  A  1 0 m  3 m  95 %  1 s  Indoor  -   u p to 30  km/h     Outdoor     ( rural and urban )   up to 250 km/h    NA  Indoor  -   up to  30  km/h  

2  A  3 m  3 m  99 %  1 s  Outdo or     ( rural   and ur ban )  up to 500 km/h fo r  t r ain s an d up t o   2 50 k m/h for other  ve hicles  Outdoor     ( dense urban )  up  to 60 k m/h     Along roads up to  250  km/h and  along railways up  to 500 km/h  I ndoor  -   up to 30  km / h  

3  A  1 m  2   m  99 %  1 s  Outdoor     ( rural a nd urban )   up to 500   km/h f or  trains and up to  25 0 k m /h  for  other  v eh icle s  Outdoor     ( dens e urban ) up  to 60 km/h     Alon g  roads up t o  250 km/h and  along railwa ys up  to 500 km/h  Indoor  -   up to 30  km/h  

4  A  1 m  2   m  99 , 9   %  1 5   m s  NA  NA  In door  -   up to 30  km/h  

5  A  0 , 3 m  2   m  99 %  1 s  Outdoor     ( rural ) up to 250  km /h  O utd oor     ( dens e   u rban ) up  to 60 km/h     Along roads and  along railw ay s up  to 25 0 km/h  Indoor  -   up to 30  km /h  

6  A  0 , 3 m  2   m  99 , 9   %  1 0 ms  NA  Outdoo r     ( dense urban ) up   to 60 km/h  Indo or  -   up to 30  km/h  

7  R  0 , 2 m  0 , 2 m  99 %  1 s  Indoor  and   outdoor (rural, ur ban ,   de nse  urban)   up   to  3 0 km/h   Relative   positioning is   between two  UE s within 1 0 m of each  other or betwee n one UE and 5G positioning nodes within   10  m of each other   (note  3 )  

NOTE   1:   The  objective   for the v ertical  posit ioning   requi rem ent is to determine   th e  fl o or f or ind o or   use   cases and to  di stinguish between superposed   tracks for   road and rail use cases (e. g. bridges).     NOTE  2 :    Indoor includes  location inside buil d ings such as o ffices, hospital, industria l buildi ngs.      NOTE   3 :   5G   po sitioning nodes are   in fr as t ruct ure eq u ip ment   deployed in the   service area to enhance pos i tioning  ca pabilities (e.g. beacons dep loyed on the perimeter of a rendezvous  area or on the side  o f a  warehouse) .    
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