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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]As a part of the Rel-18 Study Item on expanded and improved NR positioning support [1], positioning of reduced capability NR devices is a key objective with impacts many Public Safety use cases.  Limited capability devices incorporating sensors are widely used in environmental monitoring use cases, such as monitoring of critical infrastructure or monitoring for natural disasters. There are increasing interests in use cases involving wearables, such as personal protection equipment (PPE) worn by public safety personnel during emergency scenarios to protect themselves and the citizens.
Public safety and first responder communities face many hazards and use PPE to protect their workforces. The following are some of the functions performed by the sensors/devices embedded in PPE:
· Ability to accurately detect and track responder location in real time across all three axes (x, y, z)
· Sensing an unusual or rapid change in vertical location signaling indicating that responder may have fallen through a roof or into a basement resulting in height change alert
· Monitoring the air quality to detect the presence of any possible hazards or threat ( carbon monoxide, explosive materials, and other gases), IDLH (immediately dangerous to life or health) conditions/airborne contaminants and identify/report location of such hazards
· Monitoring the environmental conditions, extreme temperatures, or other extreme elements that could present a hazard to responders
· Detecting and reporting the identification of loud sounds in proximity to the responder such as collapse, explosion, or just loud noise in general that could present damage to hearing/hearing loss
· Ability to detect and report gunshots (direction/location) in proximity of a responder
· Detecting when a responder uses certain tools, weapons, or resources that would indicate they may be in a high hazard situation (such as handling their firearm, taser, etc.) and reporting the location of such an event
· Monitoring responder health and vitals and report abnormalities when and where they occur
· Ability to detect an audible “code word(s)” that allows a responder to verbally say predesignated “response code words” that could signal an emergency condition, or possibly some other key statuses or phrases in the absence of the ability to use other forms of communication [2][3]
PPE used by public safety/first responders are a valuable resource for responder safety and real-time knowledge of situational awareness. From some of our location-based services related engagements and focus groups in FirstNet and other public safety communities, we have learned that in general, public safety prefers to incorporate various sensors into devices they are already wearing or carrying as opposed to adding yet another “thing” they must find a place to carry effectively. Therefore, embedding those sensors in PPE would be optimal where applicable and practical. EMS, Fire, Law Enforcement, and other public safety entities use different types of PPE under different circumstances as noted above. Public safety uses basic PPE on daily basis such as law enforcement wearing ballistic vests, EMS wearing protective barriers, fire turnout gear, along with things like hearing protection, eye protection, etc. In this contribution, we identify the conditions and the functions provided by the PPE embedded reduced capacity (RedCap) NR devices.
In addition to life saving measures provided by the RedCap devices, it is also important to understand that location determination is a critical factor for assuring the safety of public safety personnel. Public safety personnel often work indoors, underground, and in other areas where access to GPS is not available, resulting in inaccurate position determination. To obtain clear situational awareness, on-scene and remote commanders need to understand the area in which personnel are operating and have access to accurate real-time location of personnel, even in buildings they are entering for the first time. PPE embedded sensors will provide additional data to assist accurate location determination of a first responder.

Uses and safety functions performed by NR RedCap devices

Eye & Face Protection - Eye contact with foreign objects such as flying debris, or light radiation can cause long-term damage and even blindness. 
Respiratory Protection - Many occupational diseases are caused by breathing air in wildfire areas contaminated by harmful gases, sprays, vapors, smoke, mist, fumes or dust. 
Head Protection - Personal protective equipment for the head is an essential protective gear to prevent injuries, bruises, electrical shock, burns and more. 
Foot Protection - First responders use protective footwear for secure traction in areas where there may be a danger of foot injuries due to rolling or falling objects, objects that can potentially pierce the sole or danger from fire itself. 
Hand Protection - First responders use appropriate hand protective gloves in situations where their hands are exposed to various hazards such as fire, chemical and other hazardous substances. 
Transportation of chemicals - Many work environments involve the presence or transportation of dangerous chemicals.
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HazMat (Hazardous materials) suits protect against dangerous fumes and health risks
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Heat protective clothing makes it possible to enter fires and fight them. Oxygen tank levels need to be monitored. Temperatures around the firefighter need to be monitored.
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Police carry a multitude of objects already. Sensors need to be embedded into existing PPE to avoid additional carry locations on their equipment. 
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Toxic environments must be monitored to determine what hazards the person is 
involved in and at what levels.
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On a fire line, responders need monitors for heat, hazardous smoke, and fumes
that keep their hands free and can raise alarms if the responder is hurt or in danger.

In all the above use cases, the personal protection equipment embedded with sensors and/or devices can provide the required location and tracking of such events to protect first responders on the job in their day-to-day activities and keep the communities for which they serve, safe.
Observation 1: Accurate and reliable positioning for public safety RedCap UEs is essential for the safety of first responders and communities.

Public Safety RedCap Positioning Requirements
[bookmark: _Ref52454871]
To date, evaluations and potential enhancements for RedCap positioning have focused on addressing commercial and IIoT use cases and requirements [4]. The current approved SID on the “Study on expanded and improved NR positioning” does not limit the types of use cases that should be addressed with any potential enhancements [1].  In fact, the baseline draft TR 38.859 v0.2.0 [5] does not mention public safety use cases or requirements associated with positioning for RedCap UEs.
Observation 2: Although public safety use cases are clearly defined as one of the target use cases for the SID on the “Study on expanded and improved NR positioning”, the current baseline draft TR 38.859 does not include public safety use cases or requirements relative to reduced capability UEs. 

Proposal 1: Discuss and agree to support Public Safety requirements and use cases that require positioning for RedCap device types.

Rel-18 Public safety positioning requirements are defined in e.g., TS 22.261 [6], TS 22.280 [7], and TR 38.845 [8]. TS 22.261 provides numerical positioning requirements for the "1st responders" use case in Table B.1-1 in TS 22.261; 1 meter horizontal accuracy, 2 meters (absolute) or 0.3 meters (relative) vertical accuracy, 95 – 98 % positioning service availability. TS 22.280 specifies some qualitative positioning requirements in its Clause 5.11, 6.12, and 7.8. These requirements are applicable to both relative and absolute positioning, RedCap and non-RedCap UEs alike.
The NR Positioning service should be provided both in indoor and outdoor areas. If the UE operates a public safety UE/use case with corresponding positioning requirements, the requirements should be fulfilled when the UE is determined to be a RedCap UE or a non-RedCap UE. The requirements should be also fulfilled when GNSS-based positioning is not available or not accurate enough.

To review the existing requirements in a bit more detail, the following is copied from TS 22.261:
 The 5G system shall be able to provide positioning services with the performance requirements reported in Table 7.3.2.2-1.
NOTE:	The requirements do not preclude any type of UE, including specific UE such as for example V2X, MTC.
Table 7.3.2.2-1 Performance requirements for Horizontal and Vertical positioning service levels
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 
(95 % confidence level)
	Positioning service availability
	Positioning service latency 
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 

	Vertical Accuracy
(note 1)
	
	
	5G positioning  service area
	5G enhanced positioning service area
(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor - up 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
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	3
	A
	1 m
	2 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	4
	A
	1 m
	2 m
	99,9 %
	15 ms
	NA
	NA
	Indoor - up to 30 km/h

	5
	A
	0,3 m
	2 m
	99 %
	1 s
	Outdoor 
(rural) up to 250 km/h
	Outdoor 
(dense urban) up to 60 km/h

Along roads and along railways up to 250 km/h
	Indoor - up to 30 km/h

	6
	A
	0,3 m
	2 m
	99,9 %
	10 ms
	NA
	Outdoor 
(dense urban) up to 60 km/h
	Indoor - up to 30 km/h

	7
	R
	0,2 m
	0,2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h
Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each other (note 3)

	NOTE 1:	The objective for the vertical positioning requirement is to determine the floor for indoor use cases and to distinguish between superposed tracks for road and rail use cases (e.g. bridges).
NOTE 2:	Indoor includes location inside buildings such as offices, hospital, industrial buildings. 
NOTE 3:	5G positioning nodes are infrastructure equipment deployed in the service area to enhance positioning capabilities (e.g. beacons deployed on the perimeter of a rendezvous area or on the side of a warehouse).



Furthermore, copied from TR 38.845 and TS 22.261 Annex B (only a part of the table is copied):
Table B.1-1 Typical needs to support example use cases from vertical industries.
	Use cases
	Description
	Main KPIs range and drivers

	1st responders
	Tracking and guidance of 1st responders, with requirements for high-accuracy in the horizontal domain and vertical domain, as well as accurate awareness of height variation to detect falls, combined to a high level of availability and reliability
	Service area is both indoor and outdoor
Accuracy: < 1m horizontal, < 2m vertical (indoor for floor detection) and < 0,3 m vertical (relative) to detect changes in height of the UE holder.
Availability > 95 % (98% outdoor)
Other KPI drivers include: MCX, confidence, event-triggered report




Proposal 2: Discuss and Agree text proposal (TP) against TR 38.859 as shown in Annex A that includes additional text for Public Safety specific requirements for RedCap UEs.
 
Finally, one aspect that is not mentioned in any of the existing RedCap positioning requirements in TR 38.859 is that of absolute positioning versus relative positioning. Absolute position is an estimate of the UE position in 2D/3D geographic coordinates (e.g., latitude, longitude, elevation) within a coordinate system. Relative position is an estimate of the UE position relative to other network elements or relative to other UEs. At least for public safety use cases and some of the existing requirements [6][7][8], both cases are of utmost importance, but this could also be considered for commercial or IoT use cases as well.

 Proposal 3: Discuss and agree additional consideration for relative positioning versus absolute positioning in the context of RedCap positioning to be included in TR 38.859 for at least the Public Safety use cases.



Conclusions
In this contribution, we present our views on the necessity of PPE equipment embedded with sensors and/or devices that leverage location determination to protect first responder lives and makes their day-to-day activities much safer. Based on the discussions in the previous sections we observe and propose the following: 
Observation 1: Accurate and reliable positioning for public safety RedCap UEs is essential for the safety of first responders and communities.
Observation 2: Although public safety use cases are clearly defined as one of the target use cases for the SID on the “Study on expanded and improved NR positioning”, the current baseline draft TR 38.859 does not have any mention of public safety use cases or requirements relative to reduced capability UEs. 

Proposal 1: Discuss and agree to support Public Safety requirements and use cases that require positioning for RedCap device types that include embedded sensors.
Proposal 2: Discuss and Agree TP against TR38.859 as shown in Annex A that includes additional text for Public Safety specific requirements for RedCap UEs.
Proposal 3: Discuss and agree additional consideration for relative positioning versus absolute positioning in the context of RedCap positioning.
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[bookmark: _Toc116937798]6.5	Positioning of UEs with Reduced Capabilities
The scope of the study of positioning for RedCap UEs is defined in the SID [7] as:
· Evaluation of positioning performance of existing positioning procedures and measurements with RedCap UEs
· Based on the evaluations, assessment of the necessity of enhancements and, if needed, identification of enhancements to help address limitations associated with RedCap UEs.
For the purpose of the study of positioning performance for UEs with Reduced Capabilities (RedCap UEs), the following target performance requirements are considered:
For commercial use cases for both indoor and outdoor scenarios
-	Horizontal positioning accuracy: (< 3 m) for 90% of UEs
-	Vertical positioning accuracy: (< 3 m) for 90% of UEs
For IIoT use cases:
-	Horizontal positioning accuracy: (< 1 m) for 90% of UEs
-	Vertical positioning accuracy: (< 3 m) for 90% of UEs
For Public Safety use cases:
-	Absolute or relative horizontal positioning accuracy: (< 1 m) for 90% of UEs
-	Absolute or relative vertical positioning accuracy: (< 2 m) for 90% of UEs
-    Performance characteristics may also consider availability, latency, and tracking/periodicity of positioning events for a particular service area.
· [Availability: above 99%]
· [Latency: < 1s]
For the above target requirements for evaluations, it should be noted that the target positioning requirements may not necessarily be achieved for all scenarios and deployments. Further, all positioning techniques may not achieve all positioning requirements in all scenarios. 
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