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5.5.2 
Patient monitoring inside ambulances
5.5.2.1 
Description
Paramedics transporting patients to the hospital typically brief hospital staff once the ambulance arrives. But in a 5G-connected ambulance, emergency crews will be able to collect critical patient data and share it with the hospital in real time, even before they arrive. Emergency doctors and nurses will then be better prepared to receive the patient, which means a smoother, more efficient handover process.
Ambulance operations are an essential part of the emergency services and over the past few decades have become increasingly advanced, featuring a significant number of fairly high-tech medical equipment and devices. With the widespread roll-out of 5G wireless communications networks, however, these traditional ambulances could soon make way for 5G connected ambulances.

In practise, connected Ambulance will act as a connection hub for the emergency medical equipment and wearables, enabling storing and real-time streaming of patient data to the awaiting emergency department team at the destination hospital. The continuous collection and streaming of patient data will begin when the emergency ambulance paramedics arrive at the incident scene right up until the delivery of the patient to the emergency department at the destination hospital. It shall also be noted that all data streams shall be reasonably synchronised in order to correlate monitoring events and images and to enable recording and offline synchronized playback of the intervention. This is achieved through the synchronisation of all equipment having 5G connectivity inside the ambulance (camera, microphone, medical systems …) on the same global clock provided by the 5G system.

Typically those connected ambulances, today usually equipped with echographers, could be equipped in the medium term with portable CT (Computed Tomography) and x-ray scanners, high definition video camera, or even portable MRI scanners so that doctors in the Emergency Room Centre (ERC) can ‘see’ the patient via high definition visual connection and for example order a CT scan of the patient’s head.

The 5G connection shall be reliable, stable and in a conservative approach we mandate all medical data to be transmitted with a higher priority and within service defined constraints for the duration of the journey to the hospital.
5.5.2.2
Pre-conditions

There has been important car accident on the M11 North East of London close to Coopersale exit at the end of the afternoon (5pm). Involved vehicles are obstructing the traffic thus rapidly leading to severe congestion and long waiting times.

Sue is returning home after her working day and is driving over the speed limit at this location. When she realizes that all vehicles in front of her are all stopped on the road, she hits the brakes. Her car goes onto a skid and onto the unimproved shoulder and rolls over. In this process Sue hits her head on the windshield and passes out.

People that are witnessing the scene call the London Ambulance Service that decides to dispatch a connected ambulance on site. The Emergency Room Center (ERC) and a local MNO have a business contract in place by which the ERC can ask the MNO (through suitable APIs) to allocate the necessary high priority resources fulfilling SLAs suitable to the transport of medical data (with special care taken on medical data integrity and confidentiality) over a geographical area covering the site of the accident and the route from that site to the hospital.

Each needed equipment in the connected ambulance (ultrasound probe, monitoring scopes, CT and X-Ray scanners…) is:

· Powered up,

· Subscribed to 5G communication services fulfilling agreed SLAs,

· Attached to the local MNO 5G network,

· Provisioned with parameters allowing establishment of a secure communication link to an authenticated application in the ERC and/or hospital in charge of sharing incident data with the authorized personnel
5.5.2.3
Service Flows

With his connected ambulance, Fred the paramedic arrives at the accident’s site and finds Sue in her car, still unconscious. Fred rapidly assesses the situation and based on the fact that traumatic brain injuries are usually emergencies with consequences that can worsen rapidly without treatment, decides to take Sue to the nearest hospital as quickly as possible.

1) In the connected ambulance, a UHD video camera captures a 4K video of the ambulance interiors continuously, while an audio system enables EVS full band voice communication with the remote ERC. The video (a stream of 3840x2160 pixels, up to 60 fps and compressed with lossy compression algorithm) and the audio stream (up to 128 kbps) are relayed by the ambulance to the ERC.

2) Once in the ambulance, Sue regains consciousness and Fred can then perform the 15-point test to assess Sue’s brain injury severity (checking a person's ability to follow directions, move their eyes and limbs and to answer questions). Sue is scored 9 on Glasgow Coma scale, meaning she is suffering from severe brain trauma.

3) Fred puts ECG electrodes on Sue’s chest, arms and legs and positions also additional sensors in order to monitor a number of other physical vital signs (body temperature, blood pressure …).  The resulting <1 Mbps data stream is relayed over a high priority 5G data stream to the emergency room.

4) Sue passes out again and her ECG starts showing arrhythmias. Fred, decides to execute a CT scan using the portable equipment in the ambulance, in order to create a detailed view of her brain and visualize potential fractures, evidence of bleeding, blood clots or bruised brain tissue. The equipment starts generating a 10 fps 2048x2048 video stream that is relayed to the ERC over a 5G gigabits high priority connection. 

5) Based on received CT images, remote doctors warns Fred’s that bleeding in the brain is resulting in a collection of clotted blood (hematoma) that is putting pressure in Sue’s skull and is further damaging her brain tissue. Fortunately, the bleed location is precisely determined and a simple aspiration procedure looks feasible.

6) Under voice guidance from a remote specialist that has real time access to the scene inside the ambulance, Fred drills a small hole into Sue’s skull and drains the hematoma using a needle. As he can’t remove the hematoma completely nor stop the bleeding, he then inserts a probe in order to monitor her pressure continuously and to stream pressure data over the 5G secure connection to the ERC.

7) Upon arrival at the hospital, the staff is waiting and has all needed data to proceed with the emergency surgery in the prepared OR. Sue is rushed there for immediate surgery. 

8) Resources assigned for the communication services allocated to the ambulance are released by the MNO.

5.5.2.4
Post-conditions

Sue undergoes an emergency surgery consisting in opening a window in her skull to provide more room for swollen tissues and to relieve pressure from accumulated blood and cerebral spinal fluid.

After the surgery, she recovers rapidly and returns back home after a couple of weeks of observation at the hospital.
5.5.2.5
Existing features partly or fully covering the use case functionality
Table 5.5.2.5‑1: Applicable existing communication service functional requirements
	Reference number
	Requirement text
	Application / transport
	Comment

	8.9
	The 5G system shall support data integrity protection and confidentiality methods that serve URLLC and energy constrained devices.
	T
	See 3GPP TS 22.261



	6.1.2
	All requirements related to slice management, access, capacity, quality of service. 

In particular, on prioritization of certain slices against others:

The 5G system shall enable the network operator to define a priority order between different network slices in case multiple network slices compete for resources on the same network.
	T
	See 3GPP TS 22.261

	6.10.2, 

6.1.2.3
	All requirements related to private slice management, access, limitation to a specific geographical area, isolation and fault tolerance.
	T
	See 3GPP TS 22.261

	8.2, 8.3
	All requirements related to security management in private slices
	T
	See 3GPP TS 22.261

	6.2.3
	The 5G system shall enable packet loss to be minimized during inter- and/or intra- access technology changes for some or all connections associated with a UE.
	T
	See 3GPP TS 22.261

	6.2.3
	The 5G system shall minimize interruption time during inter- and/or intra- access technology mobility for some or all connections associated with a UE.
	T
	See 3GPP TS 22.261

	5.6.1, 5.6.2
	Clock synchronization service level requirements related to global clock domain management, Clock synchronization service performance requirements (accuracy level 1)
	T
	See 3GPP TS 22.104 



5.5.2.6
Potential New Requirements needed to support the use case
	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Table 5.5.2.6‑1: Potential new Communication Service Performances Requirements
	Use case 
	Characteristic parameter
	Influence quantity

	5.5.2 – Patient monitoring inside ambulances
	Communication service availability: target value in %
	Communication service reliability: Mean Time Between Failure
	End-to-end latency: maximum
	Bit rate
	Direction
	Message

Size

[byte]
	Survival time
	UE speed
	# of UEs

connection
	Service Area

[km]

	Compressed 4K (3840x2160 pixels) 12 bits per pixel (e.g. YV12) 60 fps real time video stream
	99.999
	1 day
	< 100ms
	[100 Mbits/s]
	UE to Application
	~1500
	~16 ms
	150
	<1
	~50

	2048x2048 pixels 16 bits per pixel 10 fps real-time video scan stream compressed with a lossless compression algorithm
	99.99
	1 day
	<100ms
	[350 Mbits/s]
	UE to Application
	~1500
	~100 ms
	150
	<1
	~50

	Physical vital signs monitoring data stream
	99.999
	1 day
	<100 ms
	1 Mbits/s
	UE to Application
	~80 (note 1)
	
	150
	<1
	~50

	High quality audio stream
	99.99
	1 day
	<100 ms
	128 kbits/s
	
	~300 (note 2)
	~16 ms
	150
	<1
	~50

	NOTE 1: For example, 10 bytes digitized ECG signal sampled at 200Hz, plus 40 bytes IPv6 headers or 20 Bytes IPv4 headers + 22 bytes Ethernet + 4 bytes CRC
NOTE 2: For example, 12 bytes RTP + 8 bytes UDP + 20 bytes IPv4 + 22 bytes Ethernet + 4 bytes CRC + Audio Payload = 322 bytes every 16ms
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