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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)



According to the work plan, in this contribution, we present our views on the requirements, potential deployment and operation scenarios.
V2X use case
Requirements
In RAN#91 meeting, the key performance metric (e.g., the accuracy, availability, latency, etc.) have been identified. In TR 38.845[2], the requirements for the absolute position or relative position are categorized into three sets clearly. However, the other performance metrics of those sets are only described as depending on the positioning service level in TS 22.261[3], and the applicability of those sets is unclear (e.g. the applicable for relative positioning) since the relative positioning requirement is not considered in TS 22.261. 
Therefore, we prefer to further distinguish the applicable set for absolute and relative positioning and identify each latency requirement. For example,
	Use case group 
	accuracy 
	Availability
	Latency for position estimation of UE
	Service level 
	Applicability for absolute or/and relative 

	Set 1
	10-50m
	68 – 95 %
	1s
	Service level 1 in  [3]
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][For absolute]

	Set 2
	1 – 3
	95 – 99 %
	15ms-1s
	Service level 2, 3, 4 in  [3]
	[For absolute and relative]

	Set 3
	0.1 – 0.5 m
	95 – 99 %
	10ms-1s
	Service level 5, 6, 7 in [3]
	[For absolute and relative]


In addition, similar to the motivations in RP-193257[9] that V2X power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner, energy efficiency  is also essential and critical for positioning service since devices have to consume more power to achieve the required high accuracy, and recharging frequently is a great burden for the operator/user (especially for PUE, IoT UE), so that low power consumption requirement and method need to be considered for PUE and IoT UE at least.
1. 
· Power requirement should be defined for V2X positioning, e.g., 
· The 5G system shall support V2X positioning technologies that allow the UE to operate at Service Level 1 for at least [2 weeks] using less than [500 mWh] of battery capacity, assuming position updates per seconds. 
Potential deployment and operation scenarios
5GAA considers the following aspects for the Deployment/operation scenarios.
· Spectrum aspects 
· Coverage of positioning
· Radio link for positioning
· Antenna topology
· Cooperativeness
In this section, we present our views about those related aspects.
Spectrum aspects
Considering the view of 5GAA, currently supported spectrums of V2X in TS 38.101-1 and the new supported spectrum of V2X in R17, the ITS band (n47) and licensed band ( n38, (n14, n79 which is the newly introduced SL band in RAN4# 99-e [5]) ) can be considered as high priority spectrum options for PC5 interface for V2X positioning.
· PC5 interface (sidelink): 
· ITS band (n47), licensed bands with V2X support (n38, n14, n79) (the detailed bands information is described as the following table )
Table 1 V2X operating bands
	V2X Operating Band
	Sidelink (SL) Transmission operating band
	Sidelink (SL)  Reception operating band
	Duplex Mode
	Interface

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	

	n381
	2570 MHz
	-
	2620 MHz
	2570 MHz
	-
	2620 MHz
	HD
	PC5

	n47
	5855 MHz
	-
	5925 MHz
	5855 MHz
	-
	5925 MHz
	HD
	PC5

	n142
	788 MHz
	-
	798 MHz 
	788 MHz
	-
	798 MHz
	FDD
	PC5

	n793
	4400 MHz
	-
	5000 MHz
	4400 MHz
	-
	5000 MHz
	TDD
	PC5

	Note 1: When this band is used for V2X SL service, the band is exclusively used for NR V2X in particular regions.
Note 2: 	When this band is used for public safety service, the NR band is operated with both in-coverage scenarios and out-of-coverage scenarios.
Note 3:     NR V2X service is partially operated in this band with NR Uu.



In addition, considering the combination positioning of Uu interface and PC5 interface, the licensed band for the Uu interface in FR1 and FR2 can be considered as high priority spectrum options for Uu interface for V2X positioning.
· Uu -interface (downlink/uplink)
· Licensed bands in FR1 and FR2 can be considered for V2X positioning
Proposal 1: [bookmark: OLE_LINK1][bookmark: OLE_LINK2]
· Support the following bands for V2X positioning
· PC5 interface (sidelink): ITS band (n47), licensed bands (n38, n14, n79)
· Uu-interface (downlink/uplink)：Licensed bands in FR1 and FR2
Network coverage and Radio link of positioning
“The UE in in-coverage, partial coverage, and out-of-coverage as per the network coverage definition” has been listed in the SID. And based on the description of “As long as the UE operates a V2X use case having the corresponding positioning requirements, the requirements should be fulfilled when the UE is inside the network coverage as well as when it is outside the network coverage. The requirements should be also fulfilled when the GNSS-based positioning is not available or not accurate enough” in the TR 38.845. Therefore, the following network coverage should be considered:
· Network in-coverage and outside Network coverage
· GNSS in-coverage and outside GNSS coverage
Meanwhile, sidelink positioning is beneficial for positioning accuracy and availability when UE outside and partial Network/GNSS coverage. Therefore, the following operation scenarios and related radio link are recommended for V2X positioning according to the following priority order (in descending order)
· PC5 interface (sidelink) based positioning
· Combination of PC5 interface (sidelink) and Uu -interface (downlink/uplink)
· Combination of PC5 interface (sidelink)/Uu -interface (downlink/uplink)and Rat-independent(e.g. GNSS)
Proposal 2: 
· Support the following network coverage  for V2X positioning
· In-coverage, partial coverage, and out-of-coverage of network
· In-coverage, partial coverage, and out-of-coverage of  GNSS coverage
· Support the following operation scenarios according to the following priority order (in descending order)
· PC5 interface (sidelink) based positioning
· Combination of PC5 interface (sidelink) and Uu-interface (downlink/uplink)
· Combination of PC5 interface (sidelink)/Uu-interface (downlink/uplink)and Rat-independent(e.g. GNSS)
Antenna topology
The current antenna configuration in TR37.885 for V2X is placed as option 2 shown below which is distributed antenna system. Besides, as the analysis in the 5GAA LS, the distributed antennas on the vehicle may affect the positioning performance and reduce the number of gNB/RSU.
	TR 37.885 6.1.4[6]
-	Option 2: Two panels are placed in the vehicle as follows and the antenna pattern for each location is given by Tables 6.1.4-10 and, 6.1.4-11. The antenna array configuration is given by Table 6.1.4-12.
-	For vehicle type 1, one panel at the front bumper and one panel at the rear bumper
-	For vehicle type 2, one panel at the front rooftop and one panel at the rear rooftop
-	For vehicle type 3, one panel at the front rooftop and one panel at the rear rooftop


In addition, the relative distance, synchronization error and Rx/Tx timing error of distributed antenna system should be considered since the distance of distribution antenna of vehicles cannot be negligible for the high accuracy requirement(e.g. <0.2m). So the impaction of the distributed antenna distribution should be considered at least for Set 3.
Therefore, we propose to evaluate positioning metrics based on the existing antenna configuration and panel distribution (that is option 2 for the vehicle) in V2X positioning. And then, companies are encouraged to exploit the benefit and the potential specification of the distributed antenna systems for V2X positioning in the upcoming release.
Proposal 3: 
· Support the existing antenna configuration and panel distribution (that is option 2 for the vehicle) in TR 37.885 6.1.4 for V2X positioning.
· Evaluate and exploit the benefit and the potential specification of the distributed antenna systems for V2X positioning in the upcoming release.
Meanwhile, in TR 37.885, the vehicle UEs, pedestrian UE, cellular UE and UE-Type RSU and their antenna model have been provided, which can be reused in V2X positioning.
[bookmark: Pro2]Public safety use case
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.
Use cases and requirements
 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 1, 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. 

[image: ]
Figure 1 First responders work in group
In TS22.872[7],  the main requirements for 1st responder use case is summarized as below, which has been already captured in TR38.845 as the baseline requirements for this use case.
	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 for positioning 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. Moreover, according to the WID of NR sidelink enhancement[9], in the justification part, it is observed that power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner, and solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases where power consumption in the UEs needs to be minimized. Furthermore, in section 6.15 in TS22.261 [3], 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) [7].
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 [7].
	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.



[bookmark: _GoBack]
 Summary
According to the above discussions, we identify public safety use cases and requirements.In terms of the horizontal or vertical accuracy, the requirements for the absolute position or relative position can be categorised into 2 use case set. It is also noted that, for public safety use cases, energy efficiency requirements should be considered in this SI.
Therefore, we propose: 
Proposal 4: 
· For public safety use cases, Accurate Positioning for 1st responder, and Alerting nearby emergency responders should be considered.
· Accurate Positioning for 1st responder and Alerting nearby emergency responders can be categorised into 2 use case sets.
· Consider energy efficiency as the requirements of public safety use cases.
· Consider the requirements of public safety use cases as in the following table.
	Use case set 
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Energy  
efficiency

	Set1
(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

	/
	

	Set2
(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.




Potential deployment and operation scenarios
For public safety use cases, which is related to the safety of the life and property of the public, it seems that spectrum of licensed band should be used. For example, as stated in Table 1, band n14 is used for public safety service and operated with both in-coverage scenarios and out-of-coverage scenarios. 
In addition, similar to V2X use cases, we think the following network coverage should be considered for public safety use cases:
· Network in-coverage and outside Network coverage
· GNSS in-coverage and outside GNSS coverage
Furthermore, the following operation scenarios and related radio link are recommended for public safety positioning according to the following priority order (in descending order)
· PC5 interface (sidelink) based positioning
· Combination of PC5 interface (sidelink) and Uu-interface (downlink/uplink)
· Combination of PC5 interface (sidelink)/Uu-interface (downlink/uplink)and Rat-independent(e.g. GNSS)
Besides, regarding antenna topology, we think current UE antenna configuration for licensed band can be reused. For example, for band n14, the antenna configurations for 700MHz can be used which is captured in TR38.802[8] Table A.2.1-4 as shown below. 
	UE antenna model parameters
	Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5


Based on the discussion above, we propose
Proposal 5: 
· Support the following bands for public safety positioning
· PC5 interface (sidelink): licensed bands (e.g., n14) 
· Uu-interface (downlink/uplink)：licensed bands in FR1 and FR2
Proposal 6: 
· Support the following network coverage  for public safety positioning
· In-coverage, partial coverage, and out-of-coverage Of network
· In-coverage, partial coverage, and out-of-coverage Of  GNSS coverage
· Support the following operation scenarios according to the following priority order (in descending order)
· PC5 interface (sidelink) based positioning
· Combination of PC5 interface (sidelink) and Uu-interface (downlink/uplink)
· Combination of PC5 interface (sidelink)/Uu-interface (downlink/uplink)and Rat-independent(e.g. GNSS)
Proposal 7: 
· For public safety positioning, support reusing current UE antenna configuration for licensed band.
· E.g., for band n14, the UE antenna configurations for 700MHz in TR38.802 Table A.2.1-4 can be used.
	UE antenna model parameters
	Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5


Conclusion
In this contribution, we discuss positioning use cases, requirements, potential deployment and opreration scenarios of V2X, public safety with the following proposals:
Proposal 1: 
· Power requirement should be defined for V2X positioning, e.g.,
· The 5G system shall support V2X positioning technologies that allow the UE to operate at Service Level 1 for at least [2 weeks] using less than [500 mWh] of battery capacity, assuming position updates per seconds.
Proposal 2: 
· Support the following bands for V2X positioning
· PC5 interface (sidelink): ITS band (n47), licensed bands (n38, n14, n79) 
· Uu-interface (downlink/uplink)：Licensed bands in FR1 and FR2
Proposal 3: 
· Support the following network coverage  for V2X positioning
· In-coverage, partial coverage, and out-of-coverage of network
· In-coverage, partial coverage, and out-of-coverage of  GNSS coverage
· Support the following operation scenarios according to the following priority order (in descending order)
· PC5 interface (sidelink) based positioning
· Combination of PC5 interface (sidelink) and Uu-interface (downlink/uplink)
· Combination of PC5 interface (sidelink)/Uu-interface (downlink/uplink) and Rat-independent(e.g. GNSS)
Proposal 4: 
· Support the existing antenna configuration and panel distribution (that is option 2 for the vehicle) in TR 37.885 6.1.4 for V2X positioning.
· Evaluate and exploit the benefit and the potential specification of the distributed antenna systems for V2X positioning in the upcoming release.
Proposal 5: 
· For public safety use cases, Accurate Positioning for 1st responder, and Alerting nearby emergency responders should be considered.
· Accurate Positioning for 1st responder and Alerting nearby emergency responders can be categorised into 2 use case sets.
· Consider energy efficiency as the requirements of public safety use cases.
· Consider the requirements of public safety use cases as in the following table.
	Use case set 
	Absolute
Positioning 
accuracy
	Relative 
accuracy
	Availability
	Heading 
	Latency for position estimation of UE
	UE  speed
accuracy 
	Energy  
efficiency

	Set1
(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

	/
	

	Set2
(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 6: 
· Support the following bands for public safety positioning
· PC5 interface (sidelink): licensed bands (e.g., n14) 
· Uu-interface (downlink/uplink)：licensed bands in FR1 and FR2
Proposal 7: 
· Support the following network coverage  for public safety positioning
· In-coverage, partial coverage, and out-of-coverage of network
· In-coverage, partial coverage, and out-of-coverage of  GNSS coverage
· Support the following operation scenarios according to the following priority order (in descending order)
· PC5 interface (sidelink) based positioning
· Combination of PC5 interface (sidelink) and Uu-interface (downlink/uplink)
· Combination of PC5 interface (sidelink)/Uu-interface (downlink/uplink)and Rat-independent(e.g. GNSS)
Proposal 8: 
· For public safety positioning, support reusing current UE antenna configuration for licensed band.
· E.g., for band n14, the UE antenna configurations for 700MHz in TR38.802 Table A.2.1-4 can be used.
	UE antenna model parameters
	Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
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