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Abstract: This contribution presents public safety use case and potential requirements for first responder location determination for indoors and other challenging coverage areas.
1 Positioning for Public Safety
1.1 Description

Accurately locating a first responder who is injured or incapacitated during mission critical operations is a crucial need for public safety.  A mission critical service such as MCPTT enables a first responder to stay in touch with other first responders and command/control.  Mission Critical Organizations require mission critical services to have accurate positioning in all service areas such that first responders may always be located during normal and critical operations.  
Regarding the higher accuracy positioning service, it is not only important to acquire accurate X and Y coordinates but also important to obtain vertical Z-Axis positioning with high accuracy and availability. There are challenging areas of no cellular coverage such as high-rise buildings with no electric power during incidents, underground basements and parking lots, or remote outdoors areas (e.g., wildfires).  Therefore, in order to fully address these challenging coverage areas, it is necessary to improve the positioning technology so that the advanced solutions developed can work properly for meeting the needs of first responder communities [1].
1.2 Scenario Pre-conditions
The A-One fire department is dispatched to a report of a building fire in an apartment complex.  Multiple engines arrive to find thick smoke engulfing the building from a fire on a lower floor, requiring all floors of the apartment complex to be evacuated. Several residents are suffering from smoke inhalation and need medical treatment. 

The UEs of the A-One fire department are configured to initiate an Emergency Alert when a man-down (fire fighter) situation is detected by the UE (e.g. due to lack of movement of a first responder, a horizontal tilt, or both). There is no cellular coverage inside the building and the incident commander informs all first responders to switch to off-network communication (using sidelink, ProSe, etc.) to continue communication among themselves. Alternatively, the incident commander may instruct to enable the temporary infrastructure on the engines and awaits establishment confirmation for continued communications.
1.3 Scenario Description 
After the evacuation groups enter the building to fight the fire and coordinate the evacuation, their respective locations are displayed on the local Incident Command System. While searching for trapped residents, a firefighter is overcome by heat and smoke and collapses. The man-down function associated with the UE detects the abnormal condition and notifies the Incident Command System via sidelink communication or via the temporary network infrastructure.  The A-One battalion chief sees the Alert, coordinates with the rescue team personnel, and locates the fallen firefighter.
2 Public Safety Needs and Requirements
2.1 Needs

Typical needs are shown below to support example use cases with higher accuracy and availability described in Reference [2]:

	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


2.2 Requirements

For outdoor location determination the 5G System shall provide a positioning service with three-dimensional position accuracy and the associated KPI targets required by mission critical organizations as described in Reference [3] are as follows:

- Accuracy < [1m] horizontal [95%], < [0.3] meters vertical [95%]

- Latency to obtain location determination < [5] seconds
- TTFF < [10] seconds 

- Availability > [98%]

For indoor location determination 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 to obtain location determination < [1] seconds 

- TTFF < [10] seconds 

- Availability > [95%]

Both absolute position and relative position can be used to meet the accuracy requirements based on operational needs [3].

Additional Mission Critical Services Common Requirements for location are provided in section 7.8 of Reference [4]. 
3. Conclusion

Accurately locating a first responder who is injured or incapacitated during mission critical operations has long been a goal of public safety. Mission Critical Organizations require mission critical services to have accurate positioning in all service areas such that first responders may be located at all times during normal and critical operations during both on- and off-network scenarios such as indoors/ basements, or remote outdoors (e.g. wildfires). Coverage challenged areas may be addressed with either sidelink or temporary network infrastructure as mentioned in section 1.2 Scenario Pre-conditions. 
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