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[bookmark: _Toc32311319]4.6	XR Media Services
For details on XR Services including AR and VR, refer to 3GPP TR 26.928 [30] and 3GPP TR 26.926 [47].. Identified scenarios are:
-	Viewport-independent 6DOF streaming, see TR 26.926 [47], clause 6.2.2.
-	Viewport-dependent 6DOF streaming, see TR 26.926 [47], clause 6.2.3.
-	Raster-based split rendering, see TR 26.926 [47], clause 6.2.5.
-	Generalized split rendering, see TR 26.926 [47], clause 6.2.6.
-	XR conversational, see TR 26.926 [47], clause 6.2.7.
=====  CHANGE =====
[bookmark: _Toc32311328]5.5	Typical Traffic Characteristics for Cloud gaming
For cloud gaming, the downlink streaming of 720p/1080p/4k @60fps encoded A/V typically consists of a 5-35Mbps bitstream. One instance of a cloud gaming service requires a minimum uplink bitrate of 1.5 Mbps [21].
In the future the cloud gaming is presumed to reach up to 8k resolutions and up to 120fps downlink bitstreams. No information on such currently deployed services are available to formulate typical bitrates. However, Clause 6 provides indication that allows estimation of bitrates. Annex A provides background information on deployed cloud gaming services.
Different game types result in different round-trip user interaction delay requirements (sometimes referred also as acceptable game latency). As discussed in TR 26.928 [30], clause 4.2, with regards to such requirements, games may be divided into the following 4 types: games requiring (i) at most 50 ms, (ii) at most 100 ms, (iii) at most 200ms, and (iv) games with no latency requirements. The game latency impacts the traffic model as well as the requirements on the delivery system. The shorter the latency requirements, the higher the expected bitrate.
Cloud gaming traffic characteristics are also discussed in 3GPP TR 26.928 [30], clause 6 as well was TR 26.926 [47].
=====  CHANGE =====
[bookmark: _Toc32311329]5.6	XR Traffic Characteristics
Initial typical bitrates and traffic characteristics for XR services are collected in 3GPP TR 26.928 [30], clause 6 as well was TR 26.926 [47]. A summary of expected bitrates and traffic characteristics are provided:
-	Viewport-independent 6DOF streaming
-	Downlink only
-	HTTP Streaming
-	Up to 100 Mbps to address high-quality 6DOF VR services to allow 2k per eye streaming at 90 fps (see TR 26.928, clause 4.2 and 6.2.2) 
-	Viewport-dependent 6DOF streaming
-	Downlink only
-	HTTP streaming, HTTP/TCP level information and responses are exchanged every 100-200 ms in viewport-dependent streaming. 
-	Up to 25 - 50 Mbps to address high-quality 6DOF VR services to allow 2k per eye streaming at 90 fps (see TR 26.928, clause 4.2 and 6.2.3) 
-	Raster-based split rendering
-	Primarily downlink
-	for H.264/AVC the bitrates are in the order of up to 50 Mbps per eye buffer, i.e. up to 100 Mbit/s. 
-	for H.265/HEVC the bitrates are in the order of 20 - 30 Mbps per eye buffer, i.e. 40 – 60 Mbit/s
- 	latency requirements are in the range of 15ms
-	uplink pose information  (see TR 26.926 [47], clause 5.8)
- 	typically every 10 -15ms constant packet size of up to 100 bytes
-	latency requirements are 10 – 15 ms
-	Generalized split rendering
-	details are FFS
-	XR conversational
-	details are FFS
=====  CHANGE =====
[bookmark: _Toc32311333]6.1.2	Compression Improvements
Due to the increasing consumption of video content with higher resolutions, the need for more efficient video compression techniques is growing. The first version of the High Efficiency Video Coding (HEVC) standard [15], jointly developed by the ITU-T VCEG and the ISO MPEG, was finalized in 2013. A wide range of products and services support HEVC [15] for video encoding/decoding, especially for Ultra High Definition (UHD) content, where HEVC [15] can provide around 50% bitrate savings for the same subjective quality as its predecessor H.264/AVC [14]. 
Both codecs are defined as part of the TV Video Profiles in TS 26.116 [5] and are also the foundation of the VR Video Profiles in TS 26.118 [6].
Work on video compression technologies beyond the capabilities of HEVC [15] are continued by the MPEG/ITU, with the creation of the Joint Video Exploration Team (JVET) on future video coding in October 2015. Many new coding tools have been proposed in the context of JVET, which eventually led to a Call for Proposals on video coding technologies with video compression capabilities beyond HEVC [15]. The reference software used in the exploration phase of JVET, called Joint Exploration Model (JEM), was leveraged as the base for the majority of responses to the call. Results included responses demonstrating compression efficiency gains of around 40 % or more with respect to HEVC [15]. This initiated the work by the Joint Video Experts Team (JVET) on the development of a new video coding standard, to be known as Versatile Video Coding (VVC). 
MPEG has started working on a new video coding standard to be known as MPEG-5 Essential Video Coding (EVC) in January 2019. MPEG-5 EVC aims to provide a standardized video coding solution to address business needs in some use cases, such as video streaming, where existing ISO video coding standards have not been as widely adopted as might be expected from their purely technical characteristics. In addition, a main profile adds a small number of additional tools, each of which is individually capable of being either properly deactivated or switched to the corresponding basic tool. The target coding efficiency for the call for proposals was to be at least as efficient as HEVC. This target was exceeded by approximately 24 % in the responses to the call for proposals, which were evaluated at this meeting. The development of the MPEG-5 EVC standard is expected to be completed in 2020.
Figure 6.1.2-1 shows the typical improvements of video compression rates over time as well as the target for the VVC standard. It is also observed that compression technologies have enabled the reduction of bitrates by 50 % in a time frame of 7-10 years. Most of the gains come by the increase of encoding and decoding complexity, spurred according to Moore's law.
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[bookmark: _Hlk32835594]Figure 6.1.2-1: Video bitrate efficiency improvements and target for the final VVC standard [reproduced with appropriate permission from Fraunhofer]
Table 6.1.2-1 provides a summary of the expected compression efficiency of different codecs and expectations on target bitrates for different video technologies.
Table 6.1.2-1: Expected Video coding standards performance and bitrate target
	Codec
	Coding performance
(Random-Access)
	Targeted bitrate
(Random Access)

	
	Objective
	Subjective
	

	HEVC
	-40 % vs AVC [24][25][26]
	-60 % vs AVC [24][25][26]
	4k:
· Statmux: 10-13 Mbps
· CBR: 18-25 Mbps
8k: 
· CBR: 40-56 Mbps
· High quality: 80-90 Mbps
[24][25][26]

	EVC-Baseline
	-30 % vs AVC [27][29]
	n/a
	Not expected for 4k or 8k

	EVC-Main
	-24 % vs HEVC [27][29]
	n/a
	Expected [27][29]
4k CBR: 15-19Mbps
8k CBR: 30-60 Mbps

	VVC
	-30 % vs HEVC [28][29]
Best-CfP: -42 % vs HEVC
Target: -50 % vs HEVC
	n/a
	Expected [28][29]
4k CBR: 10-15 Mbps
8k CBR: 25-35 Mbps

	NOTE: 	(Average) with peaks up to 25Mbps thanks to STATMUX.



Also noteworthy is the improvement of encoders over time even for existing standards which also leads to bitrate reductions at the same quality.
Based on this information it can be expected that within the time frame until 2025, video compression technology permit bitrate reductions by a factor of 50 % compared to what is today possible with HEVC [15].
However, not to forget according to Jevons Paradox, stating that the efficiency with which a resource is used tends to increase (rather than decrease) the rate of consumption of that resource. This may well mean that the compression efficiency gains spur even more traffic.
Additional updates to video chararacteristics and bitrates are available in 3GPP TR 26.955 [46].
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