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Introduction
HDR (High Dynamic Range) is often intended as a display capability : a display with an extended gamut and able of high brightness levels. It can also be envisioned from the media capabilities prospective : encoded videos carrying with the ad-hoc format the appropriate colour gradient and brightness intensity information.

TR 26.998 [1] has gathered a collection of features and KPIs focusing on AR glasses to guarantee a satisfactory AR experience to the user in clause 4.5.2. Among these, brightness levels far above 100 nits are mentioned. This contribution discusses the interest to feed with videos containing HDR informations displays with a high requirement in term of brightness. It presents the different HDR formats and their potential impact on video codecs.

Interest of HDR coding for high brightness values
Clause 4.5.2 in TR 26.998 [1] mentions “brightness” values of 200 to 500 nits for indoor experiences and 10K to 100K for full outdoor experiences among the list of KPIs in Table 4.5.2-1. It also references a recent study [2] on state-of-the-art devices published in September 2021. This study references several AR devices, detailing their device capabilities, among which is the brightness of the display. All indicated values are far above 100 nits, which is supposed to be the maximum brightness value for SDR videos. This is also the case for Nreal light glasses [3], where the technical specifications of the glasses indicate “up to 280 nits perceived brightness”.

AR optical see-through glasses are therefore expected to display videos with brightness far above the 100 nits limit, above which the provision of HDR videos is appropriate.

HDR may be considered from the device capabilities prespective. Displays, like TV-sets, claim their capacity to display a bright picture and an extended colour gamut. However, even an HDR-labeled display may encounter difficulties to display an image without flaws if it receives videos or images without HDR information.

HDR should not be reduced to just defining a Wide Colour Gamut. Perhaps more importantly, HDR defines a way to code high levels of brightness. Consequently, it also requires a better colour gradient, requiring at least 10-bit bit depth for the coded images. It also refers to a wider colour space (i.e., a Wide Colour Gamut) to code more intense colours. Lastly, HDR formats may define metadata to guide the display in properly interpreting the carried colour and brightness data according to the display's own characteristics.

High brightness levels 

First concern is about peak brightness. SDR is mastered with a peak brightness at 100 nits. If the peak brightness is higher than 100 nits, the display may extrapolate the transmitted brightness values. It is rather straightforward since SDR formats code relative values, and not absolute values. However, the transfer function, i.e., the graduation of brightness level may not be appropriate, which may result in artefacts in the final rendered image.

HDR, on the other hand, supports brightness transfer functions (HLG, PQ) capable of encoding peak brightness of at least 1000 nits and classically up to 10k nits. Consequently, a transmitted content which contains HDR information will allow to limit the perceptual alteration of the content and render better results in term of brightness graduation than a simple SDR content.
Colour gradient
Same can be said regarding the colour gradient handling. A high brightness environment makes appear flaws that cannot be seen when the brightness transitions are more narrow. In particular may appear a visual effect called colour banding. This effect makes appear bands of colour, in case for instance of a transition between a more dark area to a peak brightness area : the transition in colour is not progessive, seems to occur by steps (i.e., bands). This effect is due to the lack of colour gradient, i.e., a lack of resolution in the coding of colour information. 
HDR requires at least a 10-bit bit depth (more may be possible) for colour coding while SDR only requires 8. An HDR transmitted content with a 10-bit bit depth colour coding will avoid this effect.
Wide Colour Gamut
HDR allows to transmit an extended colour gamut (Rec. 2020 colour space instead of Rec. 709). Still, in a context of high brightness peak, an extended colour gamut allows to render pictures with more shade of colours and less overexposure effects. 
Metadata
All the displays may not have the capacity to display the level of brightness or the colour which are coded in the HDR information. The display may then recompute these values with the objective to display the image in a manner which as close as possible to the original image in term of visual effects. The objective is the preservation of the creative intent. It is then helpful to carry additional information, metadata, to characterize the frame or the entire video clip. SMPTE has standardized sets of metadata (static in ST2086 “Master Display Colour Volume” and dynamic in ST2094 “ Dynamic Metadata for Color Volume Transform”. Example of this information is the Max Frame Average Luminance Level (value in nits for the current frame) or the Max Content Luminance Level (value in nits for the brightest pixel).
Interest of HDR information
For all these reasons, HDR content deliver more appropriate information in high brightness environments, which is expected to be the case for AR optical see-through galsses, what ever the display capabilities are. It is therefore of interest to consider that Media Capabilities for AR glasses should encompass HDR formats handling.
HDR coding formats
Table 1 below gives a synthetic view of the main different HDR formats and their main characteristics. Further details can be obtain in [4]. The UTI-T recommendation BT2100 [5] is a reference document for HDR specifications.
The HDR10 format is not directly mentioned in this table because it is rather outdated (2015). HDR10+ was built on top on HDR10 by adding dynamic metadata, i.e., information that can change from frame to another, in contrast to static metadata which apply to the an entire video sequence. HDR10+ offers better results for videos. It is proposed to only consider HDR10+ for our study (HDR10 being included in HDR10+ characteristics).
In addition to HDR10+, Table 1 also includes the HLG, PQ, Dolby Vision, and SL-HDR formats. The HLG is based on an HLG transfer function which is identical for low luminance values to the SDR transfer function and therefore requires no metadata. Similar to HLG, the PQ format does not require metadata. But the PQ transfer function is not SDR backward compatible. The Dolby Vision format also relies on a PQ transfer function with additional metadata. Finally, the SL-HDR formats, in its first version, relies on the SDR gamma transfer function, ensuring full backward compatibility, and metadata to to carry specific HDR information.

[bookmark: _Ref117835078]Table 1 Comparison between HDR formats
	Format
	Transfer function
	Max Nits value
	Colour depth
	Max Color space
	Metadata to be carried
	SDR backward compatibility

	HDR10+
	PQ
	10K
	10 bits
	Rec2020
	yes
	no

	HLG
	HLG
	At least 1K
	10 bits
	Rec2020
	no 
	Partially (if the SDR display is Rec2020 compatible)

	PQ10
	PQ
	10K
	10 bits
	Rec2020
	no
	no

	Dolby Vison
	PQ
	10K
	10 bits (12 possible)
	Rec2020
	yes
	There is a SDR compatible profile

	SL-HDR1
	Gamma
	10K
	10 bits
	Rec2020
	yes
	yes



Impact on video codecs choices
According to the characteristics listed in the table above, the following constraints applies on the selection of codec profiles, so that the codecs to be able to carry an HDR coded video, whatever the selected HDR format is :
The codec has to be able to carry at least 10 bits depth images.
The codec has to be able to carry associated metadata. Metadata are expected to be carried thanks to dedicated SEI messages.
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