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In RAN# 88e meeting, a new SID on NR Positioning use cases was approved [1].
	This study item includes the following objectives for positioning use cases, requirements, and scenarios for the UE in in-coverage, partial coverage, and out-of-coverage as per the network coverage definition in the current specifications: 
1. Identify the positioning use cases and requirements prioritizing V2X and public safety use cases, based on the existing 3GPP work and input from industry fora.
1. Identify potential deployment and operation scenarios 
 
Note: Studying the feasibility of the identified requirements is not in the scope of this SI.
 
Note: The work in this SI shall take into account the outcomes and progresses of NR positioning study in both Rel-16 and Rel-17.

Note: Work plan
RAN#91: TR skeleton, initial input on Objective 1
RAN#92: Finalize Objective 1, initial input on Objective 2
RAN#93: Finalize Objective 2, approve the TR (SI target completion)



Based on current scope, mainly V2X and public safety use cases are considered. The reason why commercial use cases are not included is due to the SA1 item on PIoT[6] is still ongoing and may have additional impact on the potential requirements.
Based on latest progress, PIoT[6] have identified quite a few additional use cases for positioning. It is preferred to also have those commercial use cases included. 
V2X use cases and requirements
[bookmark: OLE_LINK1]In TR 22.886 [2] Annex A, it listed a number of V2X use cases and mapping of the use cases to use case group. In general, the use case group includes Platooning, Advanced Driving, Remote driving, Extended sensor, General, etc. We analyze use cases and requirements for each use case group.
TR 22.886 Annex A: 
Table A-1: Mapping of use cases to use case group
	Use case group
	Section number
	Use case name

	Platooning
	5.1
	eV2X support for Vehicle Platooning

	
	5.2
	Information exchange within platoon

	
	5.5
	Automated Cooperative Driving for Short distance Grouping

	
	5.12
	Information sharing for limited automated platooning

	
	5.13
	Information sharing for full automated platooning

	
	5.17
	Changing Driving-Mode

	Advanced Driving
	5.9
	Cooperative Collision Avoidance (CoCA)

	
	5.10
	Information sharing for limited automated driving

	
	5.11
	Information sharing for full automated driving

	
	5.20
	Emergency Trajectory Alignment

	
	5.22
	Intersection Safety Information Provisioning for Urban Driving

	
	5.23
	Cooperative lane change (CLC) of automated vehicles

	
	5.25
	3D video composition for V2X scenario

	Remote driving
	5.4
	eV2X support for Remote Driving

	
	5.21
	Teleoperated Support (TeSo)

	Extended Sensor
	5.3
	Automotive: Sensor and State Map Sharing

	
	5.6
	Collective Perception of Environment

	
	5.16
	Video data sharing for automated Driving

	General
	5.7
	Communication between vehicles of different 3GPP RATs

	
	5.8
	Multi-PLMN environment

	
	5.15
	Use case on Multi-RAT

	
	5.19
	Use case out of 5G coverage

	
	5.14
	Dynamic Ride Sharing

	
	5.18
	Tethering via Vehicle

	
	5.24
	Proposal for secure software update for electronic control unit

	Vehicle quality of service support
	5.26
	QoS aspect of vehicles platooning

	
	5.27
	QoS aspects of advanced driving

	
	5.28
	QoS aspects of remote driving

	
	5.29
	QoS Aspect for extended sensor

	
	5.30
	Different QoS estimation for different V2X applications



For V2X use cases, the typical positioning requirements (i.e., accuracy, heading, latency, availability ) should be considered. It is also noted that the relative position accuracy is a more important requirements in V2X use cases. In addition, the relationship of the above requirements and UE mobility/speed needs to be considered. For example, the requirements may be different for different UE mobility.

Platooning 
Platooning is operating a group of vehicles in a closely linked manner so that the vehicles move like a train with virtual strings attached between vehicles. To maintain distance between vehicles, the vehicles needs to share status information such as speed, heading and intentions such as braking, acceleration, etc. 
In TS 22.186 [3], the requirements to support platooning is provided, whose relative longitudinal position accuracy is less than 0.5 m.
	TS 22.186 5.2 Requirements to support Vehicles Platooning

[R.5.2-003] The 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application for platooning in proximity.


In TR 22.886, platooning includes six use cases which are listed in Annex A. And only Automated Cooperative Driving for Short distance Grouping is provided with the specific positioning requirements in the following. Automated Cooperative Driving allows a group of vehicles to automatically communicate to enable lane changing, merging, and passing between vehicles of the group and inclusion/removal of vehicle in the group. And Short Distance refers to the scenario where the distance between vehicles such as trucks are extremely small, that is, the gap distance translated to time can equivalently be as low as 0.3s or even shorter, which at 80km/h leads to almost 6.7m distance between the vehicles. 
	TR 22.886 5.5  Automated Cooperative Driving for Short distance Grouping
[PR.5.5-007]	The 3GPP system shall support relative lateral position accuracy of 0.1 m.
[PR.5.5-008]	The 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application in proximity.


Based on the requirements and use case in above TR 22.886 and TS 22.186, Platooning is for driving, lane changing, merging, and passing between vehicles of the group. The most important requirements is the relative position to ensure the safety of group driving. Besides, if the speed and heading information of heading member can be transferred to the group members, it can help group members follow the group heading. So, we propose the use case and requirements of platooning as the following.
	Use case group 
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed accuracy 
	Use case reference

	Platooning
	0.5m
	90%
	[0.017rad
(1 degree)]
	0.3s
	<0.3 m/s
	Automated Cooperative Driving for Short distance Grouping



[bookmark: Pro2]Advanced Driving 
Advanced Driving enables semi-automated or fully-automated driving. Longer inter-vehicle distance is assumed. Each vehicle and/or RSU shares data obtained from its local sensors with vehicles in proximity, thus allowing vehicles to coordinate their trajectories or manoeuvres. In addition, each vehicle shares its driving intention with vehicles in proximity. The benefits of this use case group are safer traveling, collision avoidance, and improved traffic efficiency.
In TR 22.886, there are seven use cases for Advanced driving group which are listed in Annex A, including Cooperative Collision Avoidance(CoCA), Information sharing for limited(or full) automated driving, Emergency Trajectory Alignment, Intersection Safety Information Provisioning for Urban Driving, Cooperative lane change (CLC) of automated vehicles, etc. The above use cases can split into two groups, one is for CoCA or fully automated driving, which should meet high precision positioning requirements; another is for CLC or limited automated driving, which only needs to meet the limited requirements.
In addition, the requirements to support Advanced driving is provided in TS 22.261 [4] Annex B as the following
TS 22.261 Annex B (informative):
Table B.1-1 Positioning accuracy needs to support example use cases from vertical industries.
	Services/Use cases
	Automotive use cases
	Transport, logistics, IoT use cases
	Health and wellness, smart cities use cases
	Media and entertainment

	Description
	Uploading of sensed data to servers for dynamic digital map update; expand detectable range beyond on board sensor capability by sharing views or detected objects, coordinate trajectories among vehicles, sharing coarse driving intention, real-time remote operation of vehicles.
	Sensing, reporting, feedback, control, related to predictive maintenance, asset tracking, monitoring; context-aware services, recommendations at shopping mall, airport, etc.
	Remote healthcare and assisted surgery; real-time commands to control medical devices; connectivity for sensors, wearable devices and other medical devices; remote monitoring, surveillance and guidance for citizens and law enforcement officers.
	Media production services based on aggregation of various media feeds at servers; real-time peer-to-peer or server-client sharing of data (object information) for collaborative gaming

	Positioning accuracy
	For mid/long-term environment modelling (dynamic high-definition digital map update):
-	<30 cm relative to other map objects

For short term environment modelling (sensor sharing), for cooperation (coordinated control), remote vehicle operation:
-	<30 cm (can be <10 cm in certain cases, e.g., parking, pedestrian);
-	<1 m for sharing coarse driving intention (coordinated control), e.g., changing lanes, merging at highway.

Indoor positioning also needed, e.g., tunnels, parking.
	For massive connectivity for non-time-critical sensing and time-critical sensing and feedback:
-	30 cm – 1 m sufficient for many applications
-	<30 cm for applications that require exact localization (e.g., tracking specific objects in a warehouse).







Indoor positioning also needed, e.g., warehouse, airport, train station.
	For remote healthcare and assisted surgery; for real-time monitoring for smart cities: 
 1-10 m, e.g., remote assisted surgery, wellness monitoring; remote monitoring (surveillance) and guidance for citizens. 









Indoor positioning also needed, e.g., house, medical centre
	For media production and collaborative gaming: 
30 cm – 1 m, e.g., location data that could help media production process,
create new gaming applications utilising location information











Indoor positioning may also be useful



So, we propose:

	Use case group 
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  mobility
	Use case reference

	Advanced driving
	0.3m
	99%
	[0.017rad
(1 degree)]
	10ms
	<120km/s
	CoCA or full automated driving

	
	1m
	90%
	[0.017rad
(1 degree)]
	10ms
	<120km/s
	CLC or limited automated driving



Remote driving 
Remote Driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive themselves or a remote vehicle located in dangerous environments. For a case where variation is limited and routes are predictable, such as public transportation, driving based on cloud computing can be used. In addition, access to cloud-based back-end service platform can be considered for this use case group.
[image: ]
Figure 1 Remote driving
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Considering Remote driving is a concept in which a vehicle is controlled remotely by either a human operator or cloud computing, the remote control center should know the vehicle information and environment information timely, including UE positioning, speed, heading, etc. Then the remote control center can control the vehicle safely. So, we propose

	Use case group 
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Use case reference

	Remote driving
	0.5m
	0.3m
	99%
	[0.017rad
(1 degree)]
	20ms
	<0.03m/s
	Remote driving



Extended Sensor
Extended Sensors enable the exchange of raw or processed data gathered through local sensors or live video data among vehicles, Road Site Units, UEs of pedestrians and V2X application servers. The vehicles can enhance the perception of their environment beyond what their own sensors can detect and have a more holistic view of the local situation.
In TR 22.886, there are three use cases for Extended Sensors which are listed in Annex A, including Automotive: Sensor and State Map Sharing, Collective Perception of Environment, Emergency Trajectory Alignment, and Video data sharing for automated Driving. For positioning, we think the use case group is more like a prerequisite condition for platooning, advanced driving and remote driving. That is, platooning, advanced driving and remote driving can be enabled when the accuracy of the extended sensor is guaranteed.
Besides, TS 22.261 has the following requirements for mid/long-term environment modeling (dynamic high-definition digital map update):
-	<30 cm relative to other map objects
We think it can be the baseline requirements of extended use case. So we propose:
	Use case group 
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Use case reference

	Remote driving
	/
	0.3m
	99%
	[0.017rad
(1 degree)]
	20ms
	<0.03m/s
	Sensor and State Map Sharing



General
For the general use case, in TS 22.186, the relative lateral position accuracy of 0.1 m is provided.
	TS 22.186 5.1 General requirements
[R.5.1-007]	The 3GPP system shall support relative lateral position accuracy of 0.1 m between UEs supporting V2X application.



Summary
According to the above analysis, for all use case group, the use cases and requirements are summarized as the following.
	Use case group 
	Absolute accuracy 
	Relative 
accuracy
	[bookmark: OLE_LINK9][bookmark: OLE_LINK8]Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	UE speed accuracy
	Use case reference

	Platooning
	/
	0.5m
	90%
	[0.017rad
(1 degree)]
	0.3s
	/
	<0.3 m/s
	Automated Cooperative Driving for Short distance Grouping

	Advanced driving
	/
	0.3m
	99%
	[0.017rad
(1 degree)]
	10ms
	<120km/s
	/
	CoCA or full automated driving

	
	/
	1m
	90%
	[0.017rad
(1 degree)]
	10ms
	<120km/s
	/
	CLC or limited automated driving

	Remote driving
	0.5m
	0.3m
	99%
	[0.017rad
(1 degree)]
	20ms
	/
	<0.03m/s
	/

	Extended Sensor
	/
	0.3m
	99%
	[0.017rad
(1 degree)]
	20ms
	/
	<0.03m/s
	Sensor and State Map Sharing

	General
	/
	0.1m
	/
	/
	/
	/
	/
	/


Public safety use cases and requirements
With the promotion of 5G, it brings faster data transmission rate, faster response time and more accurate location services for public safety, especially in optimized network deployment. For example, in general emergency situations, based on 5G techniques, the remote control center can obtain real-time high-definition video, real-time on-site data and accurate location of the victims to make quick decisions. However, in certain disaster and emergency situations such as forest fire scene, the coverage provided by the network at this particular geographical location may not be sufficient, so that additional means are required to support reliable, mission-critical communication and location service. In such situations, sidelink-based communication can be a key feature for public safety users to facilitate direct device-to-device communication. In this section, we focus on sidelink positioning in some typical public safety use cases.
Accurate Positioning for 1st Responders
A first responder is a person with specialized training who is among the first to arrive and provide assistance at the scene of an emergency, such as an accident, natural disaster, or terrorism. First responders typically include law enforcement officers, paramedics, emergency rescue technicians, firefighters and rescuers and other trained members of organizations related to emergency work. Accurately locating a first responder who is injured or incapacitated during mission critical operations has long been a goal of public safety.  A mission critical service such as MCPTT (Mission Critical Push to Talk) enables a first responder to stay in contact with other first responders as well as dispatch and command/control. Mission Critical Organizations require mission critical services to have accurate positioning in all service areas, including scenarios for the UE in in-coverage, partial coverage, and out-of-coverage.
In general, first responders typically work in groups and communication within their groups, which is very suitable for scenarios with insufficient coverage. In groups, as shown in Figure 2, we think it is more important to get the relative position of each first responder than the absolute position. The relative position can be the position of each responder UE relative to the control center UE (e.g. one UE attached to Incident Command System) in the group. The control center UE not only tracks and displays the location of each first responder UE within a scenario, but also guides each first responder UE to the target location. In addition, to ensure the safety of the first responders, the control center UE should be aware of an Emergency Alert once the injury event happens to the first responders, e.g. accurate awareness of height variation to detect falls of the first responders. The Emergency Alert contains the first responder’s accurate location within the scenario. After awareness of the Emergency Alert, the control center UE forwards it to the other members of the group. 


Figure 2 First responders work in group
In TS22.872[5],  the main requirements for 1st responder use case is summarized as below, we think it can be the baseline requirements of this use case for this SI.
	For outdoor location the 5G System shall provide a positioning service with three-dimensional position accuracy and associated KPI targets required by mission critical organizations as follows:
- Accuracy < [1m] horizontal [95%], < [0.3] meters vertical [95%]
- Latency < [5] seconds
- TTFF < [10] seconds 
- Availability > [98%]

For indoor location the 5G System shall provide a positioning service with three-dimensional position accuracy and associated KPI targets required by mission critical organizations as follows:
- Accuracy < [1m] horizontal [95%], < [2] meters vertical [95%]
- Latency < [1] seconds 
- TTFF < [10] seconds 
- Availability > [95%]
· NOTE:	Both absolute position and relative position can be used to meet the accuracy requirements based on operational needs.
The 5G System shall enable an MCX UE to use the positioning service to calculate its position with the associated uncertainty/confidence of the position.
The 5G System shall provide a mechanism to request an MCX UE to provide location information (e.g. measurements, position) with remotely adjustable periodicity.
The 5G System shall provide a mechanism to request that an MCX UE provides an immediate location report.
The 5G System shall provide a mechanism to request an MCX UE to provide an event-triggered location report. The 5G system shall be able to determine the reliability of the positioning information


In addition to regular requirements above, we think power saving requirements are also essential, since once the power of the first responder's equipment is insufficient, he cannot get in touch with the other group members, which leads to danger. In section 6.15 in [4], energy efficiency requirements are summarized as below, especially for public satety users.
	The 5G access network shall support an energy saving mode with the following characteristics:
-	the energy saving mode can be activated/deactivated either manually or automatically;
-	service can be restricted to a group of users (e.g. public safety user, emergency callers).
NOTE:	When in energy saving mode the UE's and Access transmit power may be reduced or turned off (deep sleep mode), end-to-end latency and jitter may be increased with no impact on set of users or applications still allowed.
The 5G system shall support mechanisms to improve battery life for a UE over what is possible in EPS.
The 5G system shall optimize the battery consumption of a relay UE via which a UE is in indirect network connection mode.
The 5G system shall support UEs using small rechargeable and single coin cell batteries (e.g. considering impact on maximum pulse and continuous current).


Besides above captured power efficiency requirements, it is a reasonable assumption that the power consumption of positioning for first responders should be at the same level as the power consumption for typical idle mode operation which could lasts days in extreme cases. 
Therefore, we further summarize the requirements of this use case into the following table.
	Use case 
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Energy  
efficiency

	Accurate Positioning for 1st responder
	Outdoor
H:[1]m
V:[0.3]m

	Outdoor
H:[1]m
V:[0.3]m


	Outdoor
[98%]




	/
	Outdoor
[5]s
TTFF
[10]s


	/
	[Energy saving mode enabling];


The power consumption of positioning in power saving mode is at the same level as typical idle mode operation.


	
	Indoor
H:[1]m
V:[2]m
	Indoor
H:[1]m
V:[2]m
	Indoor
[95%]
	/
	Indoor
[1]s
TTFF
[10]s

	/
	



Alerting nearby emergency responders
Alerting nearby emergency responders is another positioning use case for public safety. In case of a medical emergency, all qualified individuals within close vicinity of the victim get alerted via their phones with a request to provide urgent care. The qualified individuals will often be layman volunteers (i.e. not medical professionals) with a training in first aid, such as applying CPR (Cardiopulmonary Resuscitation) and using an AED (Automatic External Defibrillator) on a patient with SCA (Sudden Cardiac Arrest). The purpose of this use case is to improve the localization of the emergency responders closest to the victim, in order to safeguard the quickest availability of care. The main requirements are to have a robust solution that works both indoors and outdoors, that is scalable to large numbers of responders and that maximizes privacy of the (layman) responders (i.e. no continuous tracking) [5].
A general solution for this use case is to connect to the Network to obtain the absolute location of the victim UE and the nearby emergency responder UE, then the Network directs the responders to reach the designated location. An example flow is shown below:
· One victim UE calls an emergency call and explains its urgent situation.
· The Public safety network obtains the location of the victim and initiates the layman responder network.
· One nearby emergency responder UE obtain the notification including the location of the victim UE from the layman responder App.
· The nearby emergency responder arrives at the destination quickly and provides emergency relief.
However, it is worth noting that the scenario intended to cover in this use case does not exclude UEs supporting V2X applications. For example, in suburb or rural areas where network coverage is insufficient, a UE carrying a passenger or driver under emergency situation can get connected to nearby UE(s) supporting V2X applications so that the nearby qualified individual in that vehicle can immediately take necessary actions as an emergency responder based on sidelink communication and the relative location information. Furthermore, we believe that the above solution may not be limited to V2X applications. One UE can directly get connected to nearby UE(s) via sidelink to request emergency rescue regardless of whether it is under network coverage or not. Then the nearby responder UE(s) obtains the relative location of the UE based on sidelink positioning method and further provide emergency assistance to the UE.  
Therefore, this use case includes positioning of both absolute location and relative location.
The requirements for this use case is shown below [5].
	The 5G system (in conjunction with the layman responder network) shall be enabled to alert the group of [~ 10] potential responders with shortest travel time to the victim, scanned from a radius of [5 km] from the victim. This requires localization of each responder with a horizontal resolution of less than [50 m] and, indoors, a vertical resolution sufficiently accurate to determine the floor, so typically less than [3 m]. This localization accuracy needs to be achieved throughout the 5G positioning service area.
The 5G system shall not perform continuous tracking of each layman responder to respect his/her privacy.
The 5G system shall be scalable to address the positioning of at least [5%] of all subscribers being registered to the layman responder service.
The 5G system shall work across boundaries of individual operator networks in the region.


As discussed in the previous chapters, we believe that energy efficiency is also important for this use case. Therefore, we further summarize the requirements into the following table.
	Use case 
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Energy  
efficiency

	Alerting nearby emergency responders
	H:[50]m
V:[3]m

	H:[50]m
V:[3]m


	/




	/
	/



	/
	[Energy saving mode enabling];

The power consumption of positioning in power saving mode is at the same level as typical idle mode operation.





Summary
According to the above discussions, we identify public safety use cases and requirements as the following
	Use case 
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Energy  
efficiency

	Accurate Positioning for 1st responder
	Outdoor
H:[1]m
V:[0.3]m

	Outdoor
H:[1]m
V:[0.3]m


	Outdoor
[98%]




	/
	Outdoor
[5]s
TTFF
[10]s


	/
	[Energy saving mode enabling];

[Improve battery life];

[Optimize the battery consumption]


	
	Indoor
H:[1]m
V:[2]m
	Indoor
H:[1]m
V:[2]m
	Indoor
[95%]
	/
	Indoor
[1]s
TTFF
[10]s

	/
	

	Alerting nearby emergency responder
	H:[50]m
V:[3]m

	H:[50]m
V:[3]m


	/




	/
	/



	/
	[Energy saving mode enabling];

The power consumption of positioning in power saving mode is at the same level as typical idle mode operation.



It is also noted that, for public safety use cases, energy efficiency requirements should be considered in this SI. 
Commercial use cases and requirements
Positioning for Shared bikes 
The shared bike service allows a rider to rent a bike via a mobile app and drop it off anywhere for the next user. The accurate locations of shared bikes are available in the mobile app for the riders to find the nearest bike. This service offers the citizens a cheap and convenient way for city trip. For deriving accurate location of shared bikes, both absolute and relative positioning are needed. The absolute positioning can be used for the Network to track absolute position of shared bikes, or set electronic fence for regulating the parked bikes. While relative positioning is needed for the user to obtain the relative position of shared bikes, when they are very close. Therefore, sidelink positioning solutions are suitable for this use case.  
The requirements for this use case are shown below [5].
	The 5G system shall be able to provide a positioning service with 2m horizontal position accuracy, 90% availability, and less than 1s latency for the moving UE at the speed of 15-20km/hour outdoor.
The 5G system shall be able to provide a positioning service with 0.2m horizontal position accuracy,99% availability, and less than 1s latency for the static UE in a enhanced positioning area outdoor.
The 5G System shall be able to provide a positioning service with a TTFF less than [10] s


We further summarize the requirements into the following table.
	Use case 
	UE
states
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Power 
efficiency

	Positioning for shared bikes
	outdoor
	H:2m

	H:2m

	90%




	/
	1s
TTFF:[10]s



	/
	/


	
	UE in a enhanced positioning area outdoor
	H:0.2m

	H:2m

	99%

	/
	1s
TTFF:[10]s
	/
	



Positioning with AR 
AR (augmented reality) technology is a technology that adds computer-generated images to a real environment. The real world and the enhanced environment can interact at the same time, and users can perform digital operations. As augmented reality technology matures and the number of applications continues to increase, it is changing the way we shop, entertain, and work. AR is enabled by the knowledge of the user’s position, motion and eventually, direction of view, and by access, with low latency, to databases of contextual information and location information systems. All users willing to interact with each other in an AR application should be equipped and communicate among each other with low latency. The location service of user’s devices (such as glasses, handheld) are crucial for the user’s interactive experience, wherein the location includes absolute location of the devices and relative position of the device with other AR devices. Therefore, to derive relative position of AR devices, sidelink positioning is needed.
The requirements for this use case are shown below [5].
	The 5G system shall be able to provide positioning service to support AR applications with [1-3] m horizontal position accuracy, 80% availability, for static or UE moving at speed below 50km/h outdoor.
The 5G system shall be able to provide positioning service to support AR applications with better than [10] m horizontal position accuracy, 80% availability, for UE moving at speed up to 130 km/h outdoor.
The 5G system shall be able to provide positioning service to support AR applications with [0.1-3] m vertical position accuracy, 80% availability.
The 5G system shall be able to provide positioning service to support AR applications with better than [2] m/s horizontal velocity accuracy and [10]º bearing accuracy, 80% availability, for UE moving at speed up to 130 km/h outdoor.
The 5G System shall be able to provide positioning service to support AR applications with a TTFF less than [10] s.
The 5G system shall be able to fulfil the requirements of the positioning service using less than [5] % of the UE’s power consumption on average and less than [10] % of the UE’s power consumption in the worst case.
The 5G System shall support mechanisms to protect positioning-related data against tampering and spoofing.
The 5G System shall support mechanisms to detect tampering and spoofing attempts on the position-related data.
The 5G System shall be able to ensure the positioning related data are secured, and shall allow the protection of the user’s privacy.


We further summarize the requirements into the following table
	Use case 
	UE
states
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Power efficiency

	Positioning in AR
	Static
/UE speed<50km/h outdoor
	H:[1-3]m
V:[0.1-3]m
	H:[1-3]m
V:[0.1-3]m
	80%




	/
	TTFF:
[10]s



	/
	Power consumption
<[5]%  on average

<[10]%
in the worst case


	
	UE speed=130km/h outdoor
	H:[10]m
V:[0.1-3]m
	H:[10]m
V:[0.1-3]m
	80%

	[10]º bearing accuracy
	TTFF:
[10]s
	[2] m/s
	



Positioning for wearables
Wearable device applications are becoming more and more grateful. Some of the top wearable device manufacturers are constantly providing new features, such as smart watches. The positioning of wearable devices can also be divided into absolute positioning and relative positioning. For absolute positioning, one example is, smart wearable devices (e.g. smart watch) can replace mobile terminals to provide basic positioning services, such as tracking the location of users, especially for minors or the elderly people. For relative positioning, one example is tracking the location of wearables relative to another smart device (e.g. cell phone), such as tracking the location of the wireless headset relative to the cell phone. Therefore, for relative positioning of wearables, sidelink positioning solutions may be needed.
The requirements for this use case are shown below [5].
	The 5G system shall be able to provide positioning service with 2m horizontal position accuracy, indoor  [1-3] m vertical position accuracy, 90% availability, and less than 1s latency for the UE in the location power saving mode.
The 5G system shall be able to provide positioning service with 2m horizontal position accuracy, indoor  [1-3] m vertical position accuracy, 99% availability, and less than 1s latency for the UE in normal mode.
The 5G System shall be able to request the UE to provide its location periodically with an update rate ranging from one location every [1s-10s] in location normal mode to one location every [30s-300s] in location power saving mode.
The 5G network shall be able to request the UE to provide its location wherever it is indoor or outdoor.
The 5G System shall be able to provide positioning service with TTFF less than [10] s.


We further summarize the requirements into the following table.
	Use case 
	UE
states
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Power efficiency

	Positioning for wearables
	Power normal mode
	H:[2]m
V:indoor[1-3]m
	H:[2]m
V:indoor[1-3]m
	90%




	/
	1s
TTFF:[10]s



	/
	[Support of positioning in power normal mode and power saving mode]

	
	Power saving mode
	H:[2]m
V:indoor[1-3]m
	H:[2]m
V:indoor[1-3]m
	99%

	/
	1s
TTFF:[10]s
	/
	



Additional requirements for PIoT use case 
It is worth noting that the above two commercial use cases (AR, wearables) are also typical use cases applied for PIoT Network(PIN), which are captured in latest TR22.859[6]. These types of networks are very different to commercial IoT device, they are usually less rugged, most highly battery constrained and lifespan of the battery typically a couple of days or weeks. User plane traffic typically stays with a constrained environment, around the body or in the home i.e. within the PIN. And the typical positioning service should also be a location service for obtaining relative positions of PIoT devices, such as obtaining relative positioning within the PIN, where the PIoT devices may be in-coverage/partial-coverage/out-of-coverage. Therefore, additional requirements are needed for commercial use cases also applied for PIoT Network. 
Typical requirements for PIoT use case are shown below[6], which can be regarded as additional requirements for commercial use cases also applied for PIoT Network.
	[PR 5.2.6-1]The 5G system shall support that a PIN Element may be a member of more than one PIN.
[PR 5.2.6-2] The 5G system shall support a PIN Element being added or removed from a PIN by an authorised 3rd party.
[PR 5.2.6-3] The 5G system shall enable direct device communications between PIN Elements in a PIN to use licensed spectrum (under the control of a MNO(mobile network operator )) or between PIN Elements to use unlicensed spectrum (may be under the control of the MNO, or not).
[PR 5.2.6-4] The 5G system shall be able to support positioning for PIN Elements in a PIN.




Summary
According to the above discussions, we identify commercial use cases and requirements as the following.
	Use case 
	UE
states
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Power efficiency

	Positioning for shared bikes
	outdoor
	H:2m

	H:2m

	90%




	/
	1s
TTFF:[10]s



	/
	/

	
	UE in a enhanced positioning area outdoor
	H:0.2m

	H:2m

	99%

	/
	1s
TTFF:[10]s
	/
	

	Positioning in AR
	Static
/UE speed<50km/h outdoor
	H:[1-3]m
V:[0.1-3]m
	H:[1-3]m
V:[0.1-3]m
	80%




	/
	TTFF:
[10]s



	/
	Power consumption
<[5]%  on average

<[10]%
in the worst case


	
	UE speed=130km/h outdoor
	H:[10]m
V:[0.1-3]m
	H:[10]m
V:[0.1-3]m
	80%

	[10]º bearing accuracy
	TTFF:
[10]s
	[2] m/s
	

	Positioning for wearables
	Power normal mode
	H:[2]m
V:indoor[1-3]m
	H:[2]m
V:indoor[1-3]m
	90%




	/
	1s
TTFF:[10]s



	/
	[Support of positioning in power normal mode and power saving mode]

	
	Power saving mode
	H:[2]m
V:indoor[1-3]m
	H:[2]m
V:indoor[1-3]m
	99%

	/
	1s
TTFF:[10]s
	/
	

	
	UE in a enhanced positioning area outdoor
	H:0.2m

	H:2m

	99%

	/
	1s
TTFF:[10]s
	/
	


It is also noted that, for part of  commercial use cases (e.g. AR, wearables), energy efficiency requirements should be considered in this SI. 
In addition, additional requirements should be considered for commercial use cases also applied for PIoT Network(PIN).
	The 5G system shall support that a PIN Element may be a member of more than one PIN.
The 5G system shall support a PIN Element being added or removed from a PIN by an authorised 3rd party.
The 5G system shall enable direct device communications between PIN Elements in a PIN to use licensed spectrum (under the control of a MNO (mobile network operator)) or between PIN Elements to use unlicensed spectrum (may be under the control of the MNO, or not).
The 5G system shall be able to support positioning for PIN Elements in a PIN.


Conclusion
In this contribution, we discuss positioning use cases and requirements of V2X, public safety and commercial use cases with the following proposals:
Proposal 1: V2X, public safety and commercial use cases should all be studied in the SI.
· For V2X use cases, group platooning, Advanced driving, Remote driving, and Extended sensor should be considered.
· For public safety use cases, Accurate Positioning for 1st responder, and Alerting nearby emergency responders should be considered.
· For commercial use cases, positioning for shared bikes , positioning in AR, and positioning for wearables should be considered.
Proposal 2: 
· Consider the requirements of V2X use cases as in the following table
	Use case group 
	Absolute accuracy 
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	UE speed accuracy
	Use case reference

	Platooning
	/
	0.5m
	90%
	[0.017rad
（1 degree）]
	0.3s
	/
	<0.3 m/s
	Automated Cooperative Driving for Short distance Grouping

	Advanced driving
	/
	0.3m
	99%
	[0.017rad
（1 degree）]
	10ms
	<120km/s
	/
	CoCA or full automated driving

	
	/
	1m
	90%
	[0.017rad
（1 degree）]
	10ms
	<120km/s
	/
	CLC or limited automated driving

	Remote driving
	0.5m
	0.3m
	99%
	[0.017rad
（1 degree）]
	20ms
	/
	<0.03m/s
	/

	Extended Sensor
	/
	0.3m
	99%
	[0.017rad
（1 degree）]
	20ms
	/
	<0.03m/s
	Sensor and State Map Sharing

	General
	/
	0.1m
	/
	/
	/
	/
	/
	/



Proposal 3: 
· Consider the requirements of public safety use cases as in the following table
	Use case 
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Energy  
efficiency

	Accurate Positioning for 1st responder
	Outdoor
H:[1]m
V:[0.3]m

	Outdoor
H:[1]m
V:[0.3]m


	Outdoor
[98%]




	/
	Outdoor
[5]s
TTFF
[10]s


	/
	[Energy saving mode enabling];

The power consumption of positioning in power saving mode is at the same level as typical idle mode operation.


	
	Indoor
H:[1]m
V:[2]m
	Indoor
H:[1]m
V:[2]m
	Indoor
[95%]
	/
	Indoor
[1]s
TTFF
[10]s

	/
	

	Alerting nearby emergency responder
	H:[50]m
V:[3]m

	H:[50]m
V:[3]m


	/




	/
	/



	/
	[Energy saving mode enabling];

The power consumption of positioning in power saving mode is at the same level as typical idle mode operation.




Proposal 4: 
· Consider the requirements of commercial use cases as in the following table
	Use case 
	UE
states
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Power efficiency

	Positioning for shared bikes
	outdoor
	H:2m

	H:2m

	90%




	/
	1s
TTFF:[10]s



	/
	/

	
	UE in a enhanced positioning area outdoor
	H:0.2m

	H:2m

	99%

	/
	1s
TTFF:[10]s
	/
	

	Positioning in AR
	Static
/UE speed<50km/h outdoor
	H:[1-3]m
V:[0.1-3]m
	H:[1-3]m
V:[0.1-3]m
	80%




	/
	TTFF:
[10]s



	/
	Power consumption
<[5]%  on average

<[10]%
in the worst case


	
	UE speed=130km/h outdoor
	H:[10]m
V:[0.1-3]m
	H:[10]m
V:[0.1-3]m
	80%

	[10]º bearing accuracy
	TTFF:
[10]s
	[2] m/s
	

	Positioning for wearables
	Power normal mode
	H:[2]m
V:indoor[1-3]m
	H:[2]m
V:indoor[1-3]m
	90%




	/
	1s
TTFF:[10]s



	/
	[Support of positioning in power normal mode and power saving mode]

	
	Power saving mode
	H:[2]m
V:indoor[1-3]m
	H:[2]m
V:indoor[1-3]m
	99%

	/
	1s
TTFF:[10]s
	/
	

	
	UE in a enhanced positioning area outdoor
	H:0.2m

	H:2m

	99%

	/
	1s
TTFF:[10]s
	/
	



Proposal 5: 
· Consider energy efficiency as the requirements of public safety and part of commercial use cases (e.g., AR, wearables).
Proposal 6: 
· Consider additional requirements for commercial use cases (e.g., AR, wearables) also applied for PIoT Network(PIN) as the following.
	The 5G system shall support that a PIN Element may be a member of more than one PIN.
The 5G system shall support a PIN Element being added or removed from a PIN by an authorised 3rd party.
The 5G system shall enable direct device communications between PIN Elements in a PIN to use licensed spectrum (under the control of a MNO (mobile network operator)) or between PIN Elements to use unlicensed spectrum (may be under the control of the MNO, or not).
The 5G system shall be able to support positioning for PIN Elements in a PIN.
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