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Abstract: This document describes a few health related use cases for which multi-hop relays could be beneficial.
5.2
Use case for elderly healthcare
5.2.1
Description
Future healthcare will increasingly use on-body sensors, combined with real-time analytics and actions & treatments based on data. This use case focuses on the use of wireless, unobtrusive on-body sensors in the context of elderly healthcare. Such sensors can be worn e.g. on the wrist, head or chest and could come in various form factors (bracelet, patch, band, …) Actuators may also be supported, e.g. medicine administering devices, pumps, or muscle stimulators. These sensors/actuators are typically limited in the amount of RF power they can radiate. This can be caused by e.g. small form factor batteries that have low peak current, or health/safety related limitations. Requirements like low-power operation, no-wires and reliability (through communication path redundancy) may favour a solution that uses multi-hop communication. 
5.2.2
Pre-conditions
In the use case story a patient, Sam, is living in an assisted living /nursing facility. He is still recovering from a recent medical condition. For this reason his activity, location and body-signals are closely monitored. The assisted living/nursing facility is located in a multi-storey building with quite thick walls and various metal structures, and hence in several parts of the building, cellular coverage is insufficient to ensure reliable communication.

In order to ensure good coverage, all the mobile devices carried by the nursing staff are enabled to act as a multi-hop relay. Furthermore, all the inhabitants are asked to install an application to enable their mobile phones to act as a multi-hop relay as well.
5.2.3
Service Flows
1. Sam is asked to wear 3 devices, one to measure his heart rate and respiratory rate, one to measure his SpO2 and a medicine administration device. Since the devices are in close proximity to each other, they automatically configure themselves into a single group of which only one acts as the relay device for communicating with the network or other devices, in order to increase the battery life over the group.
2. When Sam is in his room, the wearable device that acts as the relay device for the group uses very low power transmission to reach Sam’s phone that further relays the data. In case the phone is not available (e.g. switched off) another relay device within range is used (e.g. his neighbor’s phone, or a mobile device of one of the staff members).

3. While Sam moves around to other locations in the elderly home, always the best relay node/path is selected automatically. This may include Sam’s phone (if present), or one of mobile devices carried by staff members, or another patient’s phone – which has been activated to act as relay UE.
4. When Sam is outside, the cellular gNB infrastructure may be used by the wearable sensors/actuators directly. Still, the group of 3 devices worn by Sam, with the one-relay configuration, remains active so that only one UE expends extra energy to support long-range communication. The sensors will preferably relay via Sam’s phone, if present, to conserve energy.
5. After a few days, Sam’s condition is deteriorating. He faints, and his phone breaks when it drops on the floor. Luckily, the sensors are still able to send their data/alarm information in very short amount of time to the central patient monitoring system within the nursing facility, since an alternative communication path via another multi-relay UE was quickly and automatically discovered. An alarm indicating that Sam has fainted is shown on the central patient monitoring system screen(s) and a message that Sam is in trouble is multicasted to all the mobile devices carried by the nursing staff (but not the devices of the inhabitants), which quickly come to aid Sam.

NOTE: This kind of device-to-device communication within a multi-hop network of interconnected UEs should also work in case of major network outages, city wide power failures and other challenging circumstances.
5.2.4
Post-conditions
Sam’s condition is monitored 24/7. The data quality, real-time performance and reliability provided by the 5G multi-hop technology are good enough for the nursing staff and the patient to fully trust the solution. The wearable devices can be used for a long time on a single battery charge, because due to the short range connections to a nearby relay device the transmit power and number of retries can be minimized. 
5.2.5
Existing features partly or fully covering the use case functionality

The 3GPP ProSe functions partly cover the required functionality:

· Relay of data bi-directionally or uni-directionally over a single hop via a ProSe Relay UE

· Discovery of nearby relay UEs

5.2.6
Potential New Requirements needed to support the use case

The 5G system shall enable self-configuration of a multi-hop relay network with UEs dynamically taking the role of remote UE or relay UE.

NOTE 1: In case of multi-hop relay network, relay UEs are capable of sending and receiving data to and from remote UEs, other relay UEs and the 5G core network (if such connection is possible/available).

NOTE 2: self-configuration may be done according to various criteria, such as proximity of devices, optimal energy use and/or mesh routing performance.

The 5G system shall enable UEs to dynamically determine if a communication path is available to reach a destination that meets certain QoS criteria (such as minimum throughput, minimum reliability, maximum latency, maximum number of hops).

NOTE 3: The destination may be an application server, a network function, or another UE connected to the multi-hop relay network.

The 5G system shall enable UEs to communicate with other UEs in a multi-hop relay network even if none of the relay UEs has an active connection to the cellular gNB infrastructure and/or the core network.

The 5G system shall enable UEs to dynamically change their relay parent.
The 5G system shall enable UEs to change their role from relay UE to remote UE and vice versa, whereby remote UEs connected to a relay UE are informed to find an alternative route, if the relay UE stops operating as a relay UE.

The 5G system shall enable UEs to switch to a very low-power mode of operation when connected to a relay UE, using only the lowest Tx power needed to reach the relay. 
The 5G system shall provide a suitable API by which an authorized 3rd party shall be able to authorize and enable a set of devices to act as a (multi-hop) relay UE or remote UE.

5.3
Use case for connected ambulance
5.3.1
Description
Future emergency healthcare will increasingly use wireless sensors, probes and actuators to monitor a patient’s condition throughout the different phases of care: on the location of the incident, during transport in an ambulance or helicopter, during transport in the hospital, and at a treatment location in the hospital. Such technology enables central collection of patient data, which helps to provide optimal treatment by the different caregivers involved.

This use case focuses on wireless, easy-to-apply on-body sensors and the use of ultrasound in the context of emergency healthcare. Requirements such as low-power operation, real-time operation, no-wires-needed and reliability (through communication path redundancy) are important here. 
5.3.2
Pre-conditions
In the use case story an accident occurred and multiple injured people need medical help. Julia is one of these people and she needs to be taken to the hospital by ambulance. 

The ambulance is connected to the 5G network as a UE and is authorized to support multi-hop network relaying. The ambulance is further equipped with multiple 5G enabled medical devices, including cable-free sensors/actuators, data storage equipment, medical monitors, and a portable ultrasound device that can be deployed on the site of an incident. These devices report & deliver data both locally (e.g. to the monitors) and also to the hospital IT systems over 5G infrastructure. The local data delivery has been preconfigured for all the sensor/actuator devices carried by the ambulance.
The paramedics carry work phones, which are rugged UEs specifically preconfigured to act as relay when needed.

Some sensors/actuators are limited in the amount of RF power they can radiate. This can be caused by e.g. small form factor batteries that have low peak current, or health/safety related limitations. For these devices, using another device as relay may be a necessity. 

5.3.3
Service Flows
1. After an accident in a public building, several people got injured, including Julia. When the first ambulance arrives, paramedics are directed into the building, towards Julia who needs care most urgently. Julia is lying deep inside the building, at a location where cellular coverage is insufficient to communicate with a nearby base station.
2. The paramedics stabilize Julia and attach sensors to monitor her vital signs. The sensors activate and discover the paramedic phone/UE as a nearby relay. The paramedic’s phone uses the ambulance 5G UE as default relay, to guarantee the best connection to all services including voice communication and data collection servers in the hospital. If needed, the paramedic’s phone can also relay the communication via the phone of other first responders as additional intermediate relay device if the ambulance would not be reachable or if the quality/reliability of the connection is getting too low. 
3. Whilst Julia is being treated, the paramedic uses the voice communication connection that has been set up between the paramedic’s phone and the hospital via the ambulance’s 5G UE, in order to talk with a medical expert in the hospital. The medical expert proposes to perform an ultrasound. The paramedic takes the portable ultrasound device and initiate a connection it to the hospital by using the paramedic’s phone and the ambulance as relay. However, the resources that are requested by the ultrasound device for real-time streaming to the hospital are not available.     

4. Instead, with the voice assistance from the medical expert, the paramedic is able to record a short clip of the ultrasound scan, which is sent non real-time to the hospital. The expert analyses the ultrasound scan and sees that Julia can be moved, and should be transported right away to the hospital.
5. The paramedics carry Julia to the ambulance. Once in the ambulance, the sensors attached to Julia switch to the ambulance as their default relay. Also, the sensors report their data directly to the medical monitors. Even when the ambulance loses its 5G connection when in a tunnel, the local functions still work real-time and seamlessly.

6. During the drive to the hospital, the data collected from Julia is used by medical staff to plan her treatment and prepare staff & resources needed.

7. When Julia is transported out of the ambulance and into the hospital, the sensors remain active and used. They automatically switch to another relay UE e.g. units in the hospital’s infrastructure.

8. Julia is treated in the hospital. The data stored throughout the accident emergency response is used to decide on the optimal next steps in her treatment. At some point in time the sensors are returned to the ambulance to use for a next emergency. 

5.3.4
Post-conditions
1. Julia is monitored in real-time by the 5G sensors during the different phases of the incident. The data generated by these sensors helps medical staff to come to the right diagnosis and take the right action to help Julia, including preparation at the hospital and use of the data in a follow-up treatment. 

2. No data collected during the incident and Julia’ transport is lost, even though connectivity between sensors and hospital may be lost during some brief periods.
5.3.5
Existing features partly or fully covering the use case functionality

The 3GPP ProSe functions partly cover the required functionality:

· Relay of data bi-directionally or uni-directionally over a single hop via an ProSe Relay UE

· Discovery of nearby relay UEs

5.3.6
Potential New Requirements needed to support the use case

The 5G system shall enable UEs in a multi-hop relay network to communicate with an application server through the core network whilst simultaneously communicating with other remote UEs and relay UEs within the local multi-hop relay network. 

The 5G system shall enable UEs in a multi-hop relay network to assess if the resources within a multi-hop relay network are sufficient for a requested QoS level by another UE.

The 5G system shall support different QoS levels within a multi-hop relay network, whereby high-bandwidth devices with real-time requirements can co-exist with low-power low-data rate IoT type devices.
The 5G system shall support seamless switching from one relay UE to another relay UE, where the handover is triggered either by wireless link conditions or by a preset policy.

5.4
Use case for rural areas connected healthcare
5.4.1
Description
Despite the ubiquity of cellular communications, there will always be areas in the world where the cellular (5G) coverage is limited or absent. These are also the areas where typically the access to doctors, healthcare and hospitals is very limited. Still, it would be beneficial if people living in these areas can make use of modern connected healthcare solutions. Also in regions with sparse medical facilities or lack of qualified medical staff, the approach of “remote healthcare” could be beneficial.
This use case focuses on remote patient monitoring in rural areas with limited cellular coverage. In this use case, Ava is living in a remote rural village, but some of her body functions need to be monitored remotely by hospital staff due to her medical condition. The remainder of her treatment is done remotely and she can stay at home in her own village most of the time. She can’t travel to the hospital often due to the long travel time. Ava is not in a critical condition, so real-time monitoring is not needed. Even if the data arrives at the hospital with a latency of several hours occasionally, this is not a problem. Hospital staff (aided by their automated systems) monitor the condition of Ava and how she progresses during her remote treatment.

5.4.2
Pre-conditions
The village has several inhabitants owning 5G phones, but the coverage in the village is very limited (white spots). At Ava’s home, there is no coverage currently.
5.4.3
Service Flows
1. When Ava is at home, the on-body sensors collect data locally and once in a while report the data to the hospital. The sensors use Ava’s 5G phone as a first relay. Ava’s phone in turn uses the 5G phone of another village inhabitant as a relay, which can reach a 5G base station. All the phones within the village can act both as relay UE as well as remote UE. To increase the chance of reporting the data to the hospital, the data is sent simultaneously via multiple relay paths.
NOTE: If the 5G network is down or no villager’s phone is available within vicinity to act as a relay during some period, the sensors postpone the data reporting to a later time. 

2. At one point in time, Ava becomes ill and needs to stay at home. During this time, the hospital staff also wants a more real-time, up to date view on her sensor data. Therefore, a decision is made to move the public services UAV to a suitable location near Ava’s house so it can act as a relay UE for a couple of days. Also, Ava’s sensors are remotely configured to provide data to the hospital more often.
5.4.4 Post-conditions
After Ava’s illness, the UAV is moved back to its solar charging location. Thanks to the personalized remote treatment and revalidation process, Ava eventually makes a full recovery. All sensor data is collected by the hospital, no data is lost despite the intermittent connectivity in the village.
5.4.5
Existing features partly or fully covering the use case functionality

The 3GPP ProSe functions partly cover the required functionality:

· Relay of data bi-directionally or uni-directionally over a single hop via a ProSe Relay UE

· Discovery of nearby relay UEs

5.4.6
Potential New Requirements needed to support the use case

The 5G system shall have a means to enable multi-hop relay function and related authorization for all UEs located in a certain geographical area or a collection of areas. 
NOTE: This should work even when those phones have subscriptions with different MNO(s).
The 5G system shall enable UEs to detect if none of the devices within the relay network are connected to the core network (i.e. “network outage”) and cope with this situation based on a preset application policy (e.g. collect data locally and retry connection every N hours).
The 5G system shall allow UEs to send their data simultaneously via multiple relay paths.
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