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1. Overall Description:

During the joint SA1/SA4 session at SA4#97, SA4 agreed the following action:

AP1- 1
SA4 delegates to consider the questions requested to be answered to SA1 during the Joint SA1/SA4 meeting (see TD S4-180260 and TD S4-180313)
In particular:

SA 1 is looking for guidance on the bandwidth on the following media types and how they might fit into bandwidth categories such as low, medium, high, very high, ultra high:

· 720p video @ 30fps
· 1080p video @ 30fps
· 4k video @ 30fps
· 8k video @ 30fps
· Basic 360 VR
· HD 360 VR 
· Retinal VR
· AR UL/DL
· Narrowband voice
· Wideband voice
· Super-wideband voice
· Normal quality audio
· High quality audio 
· Extreme quality audio
The SA1 chair clarified the SA1 question for SA4 to be: “are these values appropriate to support the services anticipated to be offered to the end users by 2025?”.
SA4 considered inputs at its SA4#98 meeting and subsequent telco and can produce the following initial answer. Media types are placed within service categories. For each operating point, a typical range of bitrates is indicated. Unless otherwise indicated, these bitrates are typical bitrates observed in current deployments and may vary with time and with deployments specifics.
· Streaming/broadcast video (valid for both HDR/non-HDR)

· 720p HD : 2 – 5 Mbps
· Note: today typically 3 Mbps for HEVC and 5Mbps for AVC, but bitrate reductions expected with better encoding and coding tools.

· Full HD : 3 – 12 Mbps
· Note: today typically 5-7 Mbps for HEVC and 10-12 Mbps for AVC, but bitrate reductions expected with better encoding and coding tools.

· 4k UHD : 5– 25Mbps
· Note: today typically 8-16 Mbps for HEVC and 15-25 Mbps for AVC, but bitrate reductions expected with better encoding and coding tools.

· 8k UHD : 20 – 80 Mbps

· Today typically up to 80 Mbps for HEVC, but bitrate reductions expected with better encoding and coding tools.
· Note on 8k UHD : currently not specified in 3GPP TS 26.116. Bitrate figures are based on limited available deployment data.

· Basic 360 VR: 2.5 – 25 Mbps
· Note:

· For viewport agnostic, the 4k UHD numbers apply.

· For viewport dependent, the bitrates likely can be reduced to half.

· HD 360 VR: 10 – 80 Mbps
· Note:

· For viewport agnostic, the 8k UHD numbers apply.

· For viewport dependent, the bitrates likely can be reduced to half.
· Retinal VR: 15 – 150 Mbps
· Note: 

· For viewport agnostic, the 8k UHD numbers multiplied by 4 apply.

· For viewport dependent, the bitrates likely can be reduced to half or even on third.

· Note on VR: VRStream Work Item is not yet complete and video profiles for 360 VR are being defined. These figures are preliminary.

· Note on framerates : cinema content is usually captured and distributed at 24 fps. TV content is usually captured and distributed at 50 or 60 fps depending on the region. The above video bitrates include frame rates of up to 60fps.
· Note on bitrate ranges: the bitrates are dependent on codec (e.g. AVC/H.264 or HEVC/H.265), on content type and whether it is live or on-demand. Bitrates are expected to be reduced with expected encoder implementation enhancements and new codecs. In the past, that reduction has been observed to be in the order of 50% every 10 years.

· AR UL/DL : several SA4 members declared an intention to study this in Rel-16. Any relevant Augmented Reality use cases and requirements that may have been added to SA1 TR and TSs would be of help. See also Draft TR 26.891 “5G enhanced mobile broadband; Media distribution”.
· Conversational 
· Narrowband voice (mono): 7.2-13.2 kbps
· Wideband voice (mono): 7.2-24.4 kbps
· Super-wideband voice (mono): 9.6-24.4 kbps
· Fullband voice (mono): 16.4-[TBD] kbps
· VGA video: 300 – 900 kbps

· 720p HD video: 800 – 1500 kbps
· Telepresence video 1080p : 1500 – 3000 kbps
· Streaming/broadcast audio
· Normal quality audio: mono/stereo: 24-48 kbps
· High quality audio: mono/stereo/immersive 24-512 kbps

· Extreme quality audio: mono/stereo/immersive 512 kbps
·  Live uplink professional content
· Full HD: [TBD 18-21Mbps]
· 4k UHD : [TBD 96 Mbps]
· 8k UHD : [TBD 140 Mbps]
· Normal quality 360 VR: [TBD 96 Mbps]
· High quality 360 VR: [TBD 140 Mbps]
· Note: the above video profiles include frame rates of up to 60fps.
· Normal quality audio: [TBD 96 kbps per channel]
· High quality audio : [TBD 96 kbps per channel]
· Extreme quality audio: [TBD 768-1152 kbps per channel]
· Note on live uplink professional content bitrates: the figures indicated above are from ITU-R BT.1872-1 (12-2017): “User requirements for broadcast auxiliary services including digital television outside broadcast, electronic/satellite news gathering and electronic field production”. These figures need to be further reviewed by SA4.
· User generated content

· 720p HD : 3 – 10 Mbps

· Today typically 5-10 Mbps for AVC depending on frame rate and dynamic range, but bitrate reductions expected with better encoding and coding tools.

· Full HD : 5 – 15 Mbps

· Today typically 8-15 Mbps for AVC, but bitrate reductions expected with better encoding and coding tools.

· 4k UHD : 10 – 85 Mbps

· Today typically 8-16 Mbps for HEVC and 15-25 Mbps for AVC, but bitrate reductions expected with better encoding and coding tools. 

· 8k UHD : 20 – 150 Mbps

· No information is available today, but the numbers are extrapolated from 4K by multiplying with a factor 4.
· Basic 360 VR: the numbers for 4k UHD apply
· HD 360 VR:  the numbers for 8k UHD apply
· Retinal VR: this is roughly 16k as expected, so a factor 4 to 8k UHD is applicable, i.e. 40-300 Mbps
· Normal quality audio: 24.4kbps/channel
· Note: Super-wideband 3GPP audio codecs may be used
· High quality audio: 128kbps/channel 
· Note on user generated content: the video bitrate ranges are wide as user generated content may have different quality expectations including semi-professional content.
2. Actions:

To SA1 group.

ACTION 1: 
Take the above information into account.
ACTION 2: 
Indicate any relevant Augmented Reality use cases and requirements that may have been added to SA1 TR and TSs.
3. Date of Next TSG-SA WG4 Meetings:

TSG-SA WG4 Meeting #99
9th – 13th July 2018
Rome, Italy.

TSG-SA WG4 Meeting #100
15th – 19th October 2018
Kochi, India.
