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4.4	Medical applications
"Medical applications" is a generic concept covering medical devices and applications involved in the delivery of care to patients. 
Medical applications deployed into operating rooms consume communication services delivered by a 5G system over an NPN. In this document, we’ll deal with hybrid operating rooms which are rooms typically equipped with advanced imaging systems such as e.g. fixed C-arms (x-ray generator and intensifiers), CT scanners (Computer Tomography) and MR scanners (Magnetic Resonance). The whole idea is that advanced imaging enables minimally-invasive surgery that is intended to be less traumatic for the patient as it minimizes incisions and allows to perform surgery procedure through one or several small cuts. This is as an example useful for cardio-vascular surgery or neurosurgery to place deep brain stimulation electrodes. 
In hybrid rooms, the different type of medical images that can be transmitted by 5G systems and processed by medical applications are e.g.:
-	Ultra-high resolutionhigh-resolution video generated by endoscopes where it is expected that some scopes will produce up to 8K uncompressed (or compressed without quality loss) video, with the perspective to support also HDR (High Dynamic Range) for larger colour gamut management (up to 10 bits per channel) as well as HFR (High Frame Rate), i.e.; up to 120 fps. This will allow surgeons to distinguish small details like thin vessels and avoid any artefact that could potentially conduct surgeons to take wrong decisions. 
-	2D Ultrasound images: A 2D ultrasound typically produces a data stream of uncompressed images of 512x512 pixels with 32 bits per pixel at 20 fps (up to 60 fps in the fastest cases), resulting in a data rate of 160 Mbit/s up to 500 Mbit/s. 
-	3D Ultrasound volumes: Dedicated 3D probes tend to work at higher data rates, i.e. above 1 Gbit/s of raw data, and are expected to reach multi gigabit data rates in future (e.g. producing 3D Cartesian volumes of 256 x 256 x 256 voxels each encoded with 24 bits at 10 volumes per second or better). 
-	CT/MR scans: Images can range from a resolution of 1024x2024 to 3000x3000 pixels where higher resolutions are used for diagnosis purpose and lower ones are more suitable to fluoroscopy. In general, the frame rate is variable (5 to 30fps typically) where higher values are used to monitor moving organs in real time. Finally, colour depths of 16bits is considered in general.
In another deployment option, when specialists and patients are located at different places, medical applications can consume communication services delivered by PLMNs. In this case, the 5G system helps decoupling location from quality of care, and save countless hours for doctors and surgeons, who will be able to “beam” themselves to operating rooms, incident sites and medical houses, rather than having to be physically present. 
The same type of images as in hybrid rooms is assumed when considering a communication over a PLMN although with different tradeoffs on image resolution, end to end latency and compression algorithms. The key here is 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 place where the care is delivered.
Finally, in all types of deployments, it shall also be noted that each equipment involved in image generation, processing and display shall be synchronized thanks to a common clock either external or provided by the 5G system. The synchronization is often achieved through dedicated protocols such as e.g. PTP version 2 and allows to e.g. guarantee correct recombination of two data streams in a single and accurate A/R image by the A/R application, or enable offline replay of the whole procedure.
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