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1. Overall Description:

3GPP TSG SA WG4 (SA4) would like to thank 3GPP TSG SA WG1 (SA1) for their request on bitrates for medical video applications.
The SA1 request is on the identification of operating bitrates for:

1) 8K 120 fps HDR 10bits real-time video stream with lossless compression (generated by an endoscope)

2) 4K 120 fps HDR 10bits real-time video stream with lossless compression (generated by an endoscope)

3) Stereoscopic 4K 120 fps HDR 10bits real-time video stream with lossless compression (generated by an endoscope)

4) Stereoscopic 4K 60 fps 12 bits per pixel colour coded (e.g. YUV 4:1:1 or YV12) real time video with lossless compression (generated by an endoscope)

5) 4K 60 fps 12 bits per pixel colour coded (e.g. YV12) real time video stream with lossy compression (generated by a camera inside an ambulance)

6) 2048x2048 pixels 10 fps 16 bits per pixel real-time video scan stream of images compressed with a lossless compression algorithm (generated by a CT scanner)

3GPP SA4 assumptions:

· SA4 understands that "lossless compression" mentioned in the above items 1 to 4 and item 6 is intended to mean "mathematically lossless compression", i.e. bit-exact (compared to visually lossless for which only both subjective tests, and an understanding of what compression artefacts are impermissible, can provide an answer).

· SA4 understands that 4k and 8k formats are under consideration, meaning respectively 4 times and 16 times the FullHD resolution (1920x1080) (compared to 4K resolution – capital K – referring to the digital cinema resolution 4096x2160).

· SA4 assumes that these are full-colour signals and choices such as chroma sub-sampling, bit-depth reduction, and possibly interlace are out of scope (these all affect the 'uncompressed' bandwidth, though they are in fact compression of a sort). For example, and for items 1 to 3, SA4 assumes the colour format consists of three un-subsampled colour components like RGB.

8k 120fps HDR 10bits lossless:

· The uncompressed representation bitrate is:

· 10 (10bit) x 3 (RGB) x 7680x4320 (8k) x 120 (fps) = 119,43 Gbps
· The only identified usages of 8k in video delivery are:

· On TV distribution in Japan where bitrates ranging from 20-80 Mbps are used (see Clause 5.1 of draft TR 26.925) in a lossy compression configuration

· On VR distribution of what is called Retinal VR where bitrates range from 15-150Mbps (see Clause 5.2 of draft TR 26.925), still in a lossy compression configuration

Those 2 areas only consider standard frame rates (50/60 fps).

· In production, 8k uncompressed streams are generally used following the SMPTE ST.2110 specification. It is observed in this context that light compression may be used to achieve a compression ratio between 4:1 and 6:1 (See 5.4.1 of draft TR 26.925), in this case the expected bitrate would be around 19,9Gbps and 29,85Gbps
· Note that HEVC video codec has a lossless operating mode for which the bitrates would depend on the type of content. SA4 would need some endoscopy test sequences in order to identify the bitrates, but compression ratios in the range 2:1 to 5:1 are normal for mathematically lossless encoding, should SA1 agree to provide such test sequences to SA4.
4k 120 fps HDR 10bits lossless:

· The uncompressed representation bitrate is:

· 10 (10bit) x 3 (RGB) x 3840x2160 (4k) x 120 (fps) = 29,85 Gbps
· Although 4k resolution is more popular for TV distribution, there is no lossless configuration known for such a format. The highest quality level reached in this environment is on production where for instance live uplink contribution of 4k 10bits 60fps is around 120 Mbps with HEVC (see Clause 5.4.2 of draft TR 26.925).
· Similar comments as above on light compression ratios of 4:1 and 6:1 as well as on the HEVC lossless mode for endoscopy content apply herein.

Stereoscopic 4k 120 fps HDR 10bits lossless:

· In the case of stereoscopic 3D where the video format is frame packed (i.e. the 2 views are frame packed, e.g., in the side by side or the top and bottom fashion, with subsampling), the bitrates from 4k 120fps HDR 10bits lossless are applicable.

· In the case the stereoscopic 3D format considered combines the 2 views without subsampling, the above bitrate is likely to double.

Stereoscopic 4k 60 fps 12 bits per pixel colour coded lossless

· The same observation as the above 3D format applies with a lower bitrate required due to the standard frame rate (usually 10-20% less, content-dependent) and the bit-depth of colour components.
4k 60 fps 12 bits per pixel colour coded lossy compression

· This is the only configuration that seems to match with the audio-visual distribution cases addressed in SA4. The draft TR 26.925 indicates that 4k 60fps YUV4:2:0 is distributed at bitrates in the range of 5-25 Mbps with HEVC (see clause 5.1 in draft TR 26.925).

2048x2048 10 fps 16 bits lossless 
· Assuming that CT scanner images are monochromatic (i.e. only one component), the uncompressed representation bitrate is:

· 16 (16bit) x 1 (Y) x 2048x2048 x 10 (fps) = 671 Mbps
· Similar comments as above on light compression ratios of 4:1 and 6:1 as well as on the HEVC lossless mode for endoscopy content apply herein.

SA4 investigated the necessary bitrates for the above formats with some assumptions made in the introduction. Assuming these are valid, SA4 would like to mention that only tests can provide answers to SA1’s questions. If more detailed results are needed, SA4 will require test sequences representative of the use case(s) under consideration by SA1.

2. Actions:

To SA1 group.

ACTION: 
3GPP SA4 kindly requests SA1 to take the above information into account.
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