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For first responders, there is an increasing demand in use cases and requirements involving wearables, such as Personal Protection Equipment (PPE) worn by public safety personnel during emergency scenarios to protect themselves and the citizens.
First responders are not always able to view or visually check their primary display screen on their different devices depending on their current actions or priorities. There are many types of information that may be sent among responders or between responders and dispatchers that is critical to their ability to manage an incident or event effectively and safely.
Viewing a screen may distract them from a higher priority task, thereby endangering the safety of the responders and members of the civilian community as well. Driving while distracted during normal driving and traffic conditions has been shown as the contributing factor to vehicle crashes (with other vehicles, pedestrians, objects, structures, etc.). Driving an emergency vehicle in an emergency response mode at higher speeds, maneuvering through traffic/intersections, encountering unexpected conditions, would clearly increase the risk exponentially if the vehicle operator was distracted even momentarily to view something on a display.

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 device 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 daily, 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 some critical issues regarding PPE embedded with Sidelink (SL) capabilities along with some key proposals for the ongoing Rel-18 work items to ensure that some of these use cases are addressed.
Communication among multiple devices carried by a first responder is critical to the safety and effectiveness of the first responder. Use of the NR Sidelink with the expanded capacity, bandwidth, throughput, and reliability provided by Sidelink Carrier Aggregation (CA) is essential to public safety, as well as other verticals.

Justification for Sidelink CA operation and associated use cases 

Mission critical secondary user interfaces and wearable devices 
First responder/public safety use cases:
· Navigation or directions to destination or target location on the scene.
· Updated information related to an incident they have been dispatched on.
· Examples of significant or responder safety information pertaining to an incident:
· EMS: updated patient status or condition, number of patients, patient medical history/need for universal precautions, premise history for prior responses at location
· Fire Service: updated incident information, conditions, hazards, potential threats, hydrant locations, building floor plans, building system control points, suppression system information, best access, hazmat information, building occupancy status, persons trapped or needing rescue, premise history for prior responses at location.
· Law Enforcement (LE): updated incident information, potential involvement of weapons/where located/how many/by who/what type, location and number of suspects/suspect descriptions, information on wanted person status, significant criminal history, stolen or wanted vehicle information, stolen property information, driver’s license status and history, prior contacts with persons, premise history for prior responses at locations, known presence of weapons or other hazards at location, intel on potential violence toward LE or public safety
· Depending on the types of information, there are times when it is not always feasible to broadcast information over radio as it may be heard by others, thereby compromising safety. 
· As an example, consider a dispatcher telling an officer over the radio with an audible speaker that the person they are with has an active arrest warrant. The encounter can easily go bad as it doesn’t give the officer time to implement tactics to have backup or quickly secure the subject if they decide to fight or flee. 
· As a second example, medical control tells EMS personnel over the radio to discontinue resuscitation efforts because the patient is already dead. This can lead to a very bad reaction by family or others present to hear it. 
· Finally, consideration high noise environment where hearing the radio is difficult but users could still receive communications via other connected devices such as those listed below. 
· The screen of a device used by first responders is an effective way of receiving and consuming information (mobile data computer, tablets, smartphones, wearables, etc.) but they are not always able to conveniently do that and need other methods to be alerted to this type of critical safety or incident information.

· Examples of when it’s not practical to view a screen:
· EMS: 
· Personnel on a multi-crew apparatus could view mobile data computer screen while in transit to scene, while a person driving the vehicle in an emergency response mode may not be able to safely view the screen.
· When in transit to a scene in a vehicle, air asset, marine asset, ATV, bikes, on foot, etc.
· When working on patient(s) and focus needs to be on treatment. 
· When performing treatment on patients in a challenging environment, such as vehicle crashes with entrapment, confined space rescues, hostile environment, under extreme crowd situations, wilderness/search and rescue.
· When transporting patients to emergency department.
· Fire Service:
· Personnel on a multi-crew apparatus could view mobile data computer screen while in transit to scene, while a person driving the vehicle in an emergency response mode may not be able to safely view screen.
· Actively engaged in fire suppression efforts.
· During responder or civilian rescue operations.
· During search operations for occupants, patients.
· During extrication operations.
· Law Enforcement (LE):
· While in transit to scene, single person vehicle, may not be able to safely view screen while driving, either normal or emergency response mode.
· During high risk or tactical operations
· Vehicle or foot pursuits.
· When in contact with violent, wanted, or other persons suspected of committing a crime.
· During undercover/covert operations.
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Display of LE personnel vehicle equipment.

[image: Police Car Equipment | HowStuffWorks]

Law Enforcement (LE) personnel vehicle equipment (cont’d)

Observation 1: The above use cases may be enabled with D2D communications over PC5/Sidelink as part of the service requirements that are documented in e.g., Mission Critical Services (TS 22.280), Mission Critical Data services (TS 22.282), etc.

Potential Public Safety Wearable Applications enabled with robust Sidelink communications 
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Some possible use cases for receiving information when viewing a screen is not an option:

· Public safety equivalent to smart assistants, vehicle connected interface such as head mounted display (HMD), and other wearable/carriable options as well.
· Different types of haptic notifications, maybe directional, repetitive, different frequency or intensity, different sensations
· Potential options with different form factors of wearables that responder could still access without having to read text, like maybe color-coded alerts, symbology, etc.
· Use of some type of display in glasses/goggles, PPE, etc., that would remain in normal field of view, allowing responder to maintain a heads-up position. Also, an in-vehicle windshield heads-up display in public safety vehicles.
· Audible (either something with a speaker or something worn in ears).
· Text to speech options.

For reliable and robust Mission Critical data/video for the above use cases, sufficient peak data rates, bandwidth, and throughput is required for life saving actions by first responders. This may be achievable with Sidelink Carrier Aggregation (CA). At RAN#99, a revised Sidelink Evolution Work Item was approved with Sidelink CA objectives. However, these updated work item objectives are only for intra-band CA for ITS band (n47) [1]. Solutions for this objective should be future proof, looking toward additional applications and licensed bands leveraged by public safety. Per [1], the main benefit of Sidelink CA would come from “making sidelink more applicable for a wider range of applications”, e.g., commercial, public safety, etc.
Observation 2: Many of the life-saving mission critical use cases could be realized with some of the Rel-18 Sidelink evolution capabilities, including Sidelink CA, to enhance reliability, bandwidth, and data rates for, e.g., public safety mission critical video and data applications. 
Observation 3: Per agreements at RAN#99 and the approved revision of the Sidelink Evolution Work Item, the limited scope Sidelink CA objectives only addresses intra-band CA for ITS band (n47). However, RAN1 have yet to even start on the SL CA objective and it will be unlikely that any normative work will be completed in one remaining WG meeting (RAN1#114).

Proposal 1: Since it is unlikely that any Sidelink CA operation normative work will be completed in RAN1 with only 1 remaining RAN1 WG meeting, RAN Plenary should discuss and agree a way forward for this objective by either (a) extending additional time allocation in 2H2023 for SL CA operation or (b) postponing this objective to Rel-19.

Proposal 2: If any SL CA work is started in the Rel-18 timeframe for ITS band in RAN1, forward compatibility for supporting both inter and intra-band CA for licensed bands to support a wider range of applications such as public safety mission critical use cases shall be considered. This principle should be reflected in the NR Sidelink Evolution revised WID. 



Conclusions
In this contribution, we present our views on the necessity of PPE equipment embedded with sensors and/or devices that leverage sidelink communications to protect first responder lives and make their day-to-day activities much safer. Based on the discussions in the previous sections, we observe and propose the following with relevance to the SL CA objectives in the NR Sidelink Evolution Work Item: 
Observation 1: The above use cases may be enabled with D2D communications over PC5/Sidelink as part of the service requirements that are documented in e.g., Mission Critical Services (TS 22.280), Mission Critical Data services (TS 22.282), etc.
Observation 2: Many of the life-saving mission critical use cases could be realized with some of the Rel-18 Sidelink evolution capabilities, including Sidelink CA, to enhance reliability, bandwidth, and data rates for, e.g., public safety mission critical video and data applications. 
Observation 3: Per agreements at RAN#99 and the approved revision of the Sidelink Evolution Work Item, the limited scope Sidelink CA objectives only addresses intra-band CA for ITS band (n47). However, RAN1 have yet to even start on the SL CA objective and it will be unlikely that any normative work will be completed in one remaining WG meeting (RAN1#114).

Proposal 1: Since it is unlikely that any Sidelink CA operation normative work will be completed in RAN1 with only 1 remaining RAN1 WG meeting, RAN Plenary should discuss and agree a way forward for this objective by either (a) extending additional time allocation in 2H2023 for SL CA operation or (b) postponing this objective to Rel-19.

Proposal 2: If any SL CA work is started in the Rel-18 timeframe for ITS band in RAN1, forward compatibility for supporting both inter and intra-band CA for licensed bands to support a wider range of applications such as public safety mission critical use cases shall be considered. This principle should be reflected in the NR Sidelink Evolution revised WI. 
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