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FROM THE EDITOR

This article provides a detailed outlook to future video applications of the recently published MPEG-5

LCEVC standard, while especially focusing on HDR, 8K-resolution, Immersive video, XR and Metaverse

applications. Since LCEVC is codec-agnostic and is deployed as an “enhancer”, it provides a variety of

benefits including visual quality improvements, end-to-end complexity reduction, bit-depth extensions,

and many others. The LCEVC popularity is significantly increasing, and this article is intended to provide

readers with a detailed guidance for efficient and practical LCEVC deployment.

In 2021, the newestMPEG standardwas published asMPEG-5 low complexity

enhancement video coding (LCEVC). Contrary to typical video codecs, LCEVC is an

enhancement codec,meaning it works in combinationwith other codecs, to produce a

more efficiently compressed video. Thanks to its simplified architecture, it is designed to

be deployed as a software enhancer, which uses hardware blocksmore efficiently.

Despite being relatively new, it has already been adopted for amajor next-gen television

system (TV 3.0 in Brazil) and is being deployed across a full spectrumof applications,

frombroadcast to broadband. In this articlewe are focusing on future applications of

LCEVC, fromhigh dynamic range, 8K, and immersive video tometaverse, explaining how

this new standard canmake a positive impact on these applications.

Since the birth of the first digital video coding in
the 1970s, many video coding technologies (or
“codecs” for short) have been developed start-

ing from H.261 in 1988,1 passing through AVC/H.264 in
20032—arguably the most successful codec to date—
and arriving at the latest generation of video codecs
(e.g. AV13 and VVC/H.2664) in the last few years.

This multitude of codecs has been associated by
many in the industry with the word “fragmentation”when
describing the situation in themarket.5 Nevertheless, the
coexistence of different coding formats is a business real-
ity that affects providers, and often the choice of format
is constrained by what is supported by consumer devices
rather than bywhat a provider would prefer using.

In such a multicodec world, a format that can work
along other formats, rather than trying to replace
them, and enhance their performance and feature
availability can have an important impact.

MPEG-5 low complexity enhancement video cod-
ing (LCEVC) can play that enhancement role for vari-
ous existing and future use cases.
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› LCEVC has already been adopted for the latest
next-gen television system—TV 3.0 in Brazil—
where it will work alongside VVC to enhance up
to 8K resolution for over-the-air transmission,
being also available to enhance both AVC and
HEVC for over-the-top transmission.6

› For hyperscale services, poor quality of experi-
ence affects user engagement and viewing times.
In addition, traffic management is needed to
manage local capacity while minimizing impact
on quality. LCEVC can provide higher resolution/
quality feeds at lower bitrates while maintaining
high resolution even when throttling traffic.

› For video calling and conferencing, low power
consumption for encoding on devices and low
latency are critical, with encoding having to
respond rapidly to bandwidth conditions. LCEVC
can provide higher resolution/quality feeds at
lower bitrates, native multiscale stream enabling
autoadaptation for bandwidth fluctuations with
no impact on latency.

› For VoD streaming, lower quality streams drive
customer churn and quality of service needs to
be maintained with increased consumption over
cell networks. LCEVC provides higher resolution
at same bitrate as using base codec natively (e.g.,
FullHD below 1Mbps, UHD from 6Mbps), with
fewer buffering incidents on congested networks.

› For live streaming, codec complexity usually limits
encoder quality with fast action sports requiring
minimal latency, higher resolutions, and higher
frame rates. LCEVC can provide higher resolution
and frame rates at the same bitrate as using base
codec natively, maintaining latency of existing
encoding, and reaching users over slow or con-
gested networks.

In this article, we explore how LCEVC can further
help on future applications, from high dynamic range
(HDR), 8K, and immersive video to metaverse, explain-
ing how this new standard can make a positive impact
on those applications.

This article is organized as follows. In “LCEVC: A Brief
Overview” section we provide an introduction to LCEVC,
with the “Encoder andDecoderOverview” section provid-
ing a description of the encoding and decoding pro-
cesses. The “LCEVC for High Dynamic Range Videos”
section to the “LCEVC for XR and theMetaverse” section
describe several future applications in which use of
LCEVC can significantly make a difference. Specifically,
the “LCEVC for High Dynamic Range Videos” section
focuses on HDR content, while the “LCEVC for 8K and
Immersive Video” section describes use of LCEVC with

8K content and within immersive video. The “LCEVC for
XR and the Metaverse” section discusses how LCEVC
can be used to enable extended reality (XR) applications
in themetaverse. Finally, the “Conclusions” section draws
the conclusions and describes some possible exploration
work that could extend even further LCEVC applications.

LCEVC: A BRIEF OVERVIEW
MPEG-5 LCEVC—formally known as ISO/IEC 23094-
2—has been developed between April 2019 and Octo-
ber 2020, with the final specification published in
November 2021.7

LCEVC8,9 consists of a set of tools designed and
optimized to encode the differences between a video
sequence reconstructed from a sequence coded (and
decoded) using a separate coding technology (such as
AVC/H.264,2,10 HEVC/H.265,11,12 VVC/H.266,4,13 and
EVC14 or AV13,15) and the uncompressed video
sequence. This separate coding technology is usually
referred to as “base (layer) codec” since it forms the
base layer over which LCEVC reconstructs the video
sequence.

The differences—or “residuals” in LCEVC terminol-
ogy—correspond to two types of errors, namely a) the
coding errors introduced by the base layer codec and
b) the aliasing errors introduced by the downsampling
and upsampling processes, which are typically used in
LCEVC. These residuals are encoded using the LCEVC
tools into up to two enhancement layers.

One of the key aspects of LCEVC is that it is designed
to be low complexity as all the coding tools are designed
and optimized to achieve the best compromise between
low computational complexity, memory requirements,
and high rate-distortion performance. Importantly, the
low complexity aspect is not limited to the coding of the
residuals, but it extends to the computational complexity
of the overall encoding process, i.e., base codec and
LCEVC. This is due to having the base codec typically exe-
cuted at a lower resolution and LCEVC working on the
decoded output of the base codec, thus not requiring
exchange of information between base codec and
LCEVC. This latter has important consequences, as it
enables LCEVC to significantly improve the tradeoff
between complexity and coding efficiency even for next-
gen codecs, such as AV1, as recently shown in Cobianchi
et al.’s work,16 enabling software implementations both
at encoder and decoder.

In terms of compression performances, the verifica-
tion tests performed at the end of the standardization
process over standard dynamic range (SDR) content
confirm that significant bitrate savings can be achieved
when using a single-layer base codec at quarter
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resolution in conjunction with LCEVC at full resolution,
when comparing to the same base coding technology
at full resolution. The subjective test results reported in
ISO/IEC JTC 1/SC 29/WG 04 N007617 indicate bitrate
savings of approximately 46% over AVC, 31% over
HEVC, and 15% over EVC and VVC, at the operational
points used for these tests.

ENCODER ANDDECODER
OVERVIEW

At the encoder (see Figure 1), an input sequence is first
downscaled using a two-dimensional nonnormative fil-
ter. In typical applications, the downscaling is to one
quarter (half width and half height) of the original resolu-
tion. However, it is to note that based on the selected
configuration, the downscaling can be done only across
the vertical dimension, or even skipped completely. Fur-
ther, again depending on the selected configuration, the
downscaled sequence can be again downscaled to an
even lower resolution. For simplicity, in this description
we assume that there is only one downscaling process.

The downscaled video is compressed with the
base codec (e.g., AVC, HEVC, VVC, or AV1) to generate
a base bitstream conformant with the respective base
codec standard. The compressed video is then decom-
pressed to generate a base reconstruction.

The base reconstruction is used as the input for a
first stage of LCEVC enhancement: the sublayer 1 (L-1)
residuals are computed subtracting from the down-
scaled sequence the base reconstruction. These L-1
residuals are then transformed, quantized, and entropy
encoded resulting in an L-1 coefficients layer, which will
then form part of the LCEVC bitstream. These L-1

residuals are the entropy decoded, dequantized, and
inverse transformed to be added back to the base
reconstruction to generate an L-1 reconstruction.

Using a normative upscaling filter, chosen among
four predefined kernels, or specified as a custom kernel
with 4 filter coefficients, the L-1 reconstruction is
upsampled and used as input for the second stage of
LCEVC enhancement: the sublayer 2 (L-2) residuals are
computed subtracting from the original sequence the
upscaled L-1 reconstruction, and finally transformed,
quantized, and entropy encoded in an L-2 coefficients
layer, which will then form part of the LCEVC bitstream.

It should be emphasized that while L-1 process can
be selected or not, the L-2 processing is always per-
formed. In other words, LCEVC can operate with one
or two enhancement layers, according to the selected
configuration.

At the decoder (see Figure 2), the L-1 coefficients
layer (if present) is entropy decoded, inverse quan-
tized, and inverse transformed, to compute the L-1
residuals that are added to the base reconstruction to
generate the L-1 reconstruction.

The L-1 reconstruction is then upscaled with the
same normative filter used at the encoder, and then the
L-2 coefficients layer is entropy decoded, inverse quan-
tized, and inverse transformed, to compute the L-2 resid-
uals that are added to the upscaled L-1 reconstruction.

LCEVC FOR HDR VIDEOS
HDR is often coupled with wide color gamut (WCG)
to represent a higher range of luminance and chromi-
nance planes in video content, offering the customers

FIGURE 1. High-level block diagram of an LCEVC encoder.
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a high-quality image with levels of brightness (and
darkness) and a range of colors closer to those per-
ceived by the human visual system. It is worth noting
that HDR and WCG are not independent, but rather
they form a color volume,18 which requires an accurate
bit-depth representation to be correctly encoded.

Among the tools and configurations provided by
LCEVC, it is possible to select an asymmetric bit-depth
configuration between the base codec and LCEVC.
This enables two modes of operation: full HDR and
extended HDR.

In the full HDR mode, the bit-depth of the base
layer and that of the enhancement layer are the
same—today this is typically specified as 10-bit to
reflect commercially available HDR formats, but the
bit-depth can extend to up to 14 bit.

In the extended HDR mode, the bit-depth of the
base layer is lower than that of the enhancement
layer, meaning for example that an HDR source can be
encoded using an AVC/H.264 or HEVC/H.265 8-bit
base codec to generate an SDR base layer, and then
adding on top an LCEVC 10-bit enhancement layer to
bring the full-resolution video to HDR quality, allowing
for example HDR support to devices and workflows,
which are not designed to deliver HDR quality video.
In this way, both devices, which are HDR capable and
devices that are non-HDR capable can receive the
same bitstream and display HDR quality.

Full HDRMode
LCEVC can manage both HLG19 and PQ20 input
sequences. Moreover, it is possible to include HDR
metadata (like the ones defined in HDR10,20

HDR10þ,21 SL-HDR,22 or Dolby Vision23) directly into
the SEI messages of the LCEVC bitstream to ensure
correct display adaptation in the device display.

Ciccarelli et al.24 reported several tests performed
using LCEVC in full HDR mode. Specifically, LCEVC
was tested across a range of input 4K HDR sequences
(both PQ and HLG) using 10-bit base codecs. VVC/
H.266 was used for the base layer and HEVC/H.265
was used as anchor.

Table 1 reports the results of the comparison
between LCEVC enhancing VVC and HEVC. In this test
the following implementations were used: 1) for
LCEVC, a proprietary implementation provided by V-
Nova (V-Nova LCEVC SDK25); 2) for VVC, an open-
source software implementation provided by HHI
Fraunhofer (VVenC 1.2.026); and 3) for HEVC, the soft-
ware test model implementation (HM 16.2227).a Two
configurations were used. In Configuration A, the pro-
portion of bitrate allocated to base layer and enhance-
ment layer has been set so that the proportion of the
overall bitrate allocated to the enhancement layer
was between 5% and 20% depending on the operating
point. Although not necessarily optimal, the propor-
tions specified in Configuration A are more aligned
with those used in the MPEG verification test17 and
are closer to the appropriate proportions used by

FIGURE 2. High-level block diagram of an LCEVC decoder'.

aNote that for both VVC and LCEVC there are available test
model implementations—VTM28 and LTM,29 respectively.
However, since in this specific test the target was perfor-
mance for delivery of real-time live content, the test was run
using fast and/or commercially available implementations for
both VVC and LCEVC.
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LCEVC when encoding the enhancement layers. On
the other hand, in Configuration B the proportion of
bitrate allocated to base layer and enhancement layer
has been set so that the proportion of the overall
bitrate allocated to the enhancement layer was kept
at 50% for each operating point. Results in Table 1 are
reported in terms of average BD-rate using mean opin-
ion score (MOS) as the quality metric. BD-rate30 repre-
sents the bitrate savings provided by a target codec
with respect to a reference codec (in the present
case, LCEVC-enhancing VVC corresponds to the tar-
get codec while HEVC corresponds to the reference
codec). A negative BD-rate value corresponds to a
saving in bitrate by the same amount. The MOS corre-
sponds to the average score given during subjective
tests run according to formal subjective assessments,
as defined in Recommendation ITU-R BT.500.31

As it may be seen, LCEVC enhancing H.266/VVC
provides an average bitrate saving of between 52% and
54% for both PQ and HLG sequences when Configura-
tion A is used, and an average bitrate saving of almost
50% for HLG sequences and 36% for PQ sequences
when Configuration B is used instead. Figure 3 shows
an example of rate distortion curves for a couple of the
4k HDR sequences used in Ciccarelli et al.’s work.24

From a performance perspective, it is possible to
see that LCEVC provides coding efficiency comparable
to those already shown with SDR content during the
MPEG verification tests.17

Extended HDRMode
Jim�enez-Moreno et al.32 discussed the results of using
LCEVC using a 10-bit enhancement layer over an 8-bit
base layer encoded using AVC. In that study, both a
nonnormative preprocessing module and postpro-
cessing dithering module were introduced to reduce
the banding artifact that commonly appears when
changing from higher to lower bit-depths. As reported,
the tests show that LCEVC can produce an HDR qual-
ity video starting from an 8-bit x264 base layer, thus
providing HDR video also in those scenarios where
only x264 can be supported in end-user devices (e.g.,
streaming applications). A preliminary subjective eval-
uation validated those results.

However, a better approach would be to use specific
tone-mappers for preserving the quality of the base layer.
In this context, there are two possible approaches that
could be used: out-of-loop and in-loop approaches.

These two approaches are schematically repre-
sented in Figure 4. In the out-of-loop approach, the
tone mapper is used as a preprocessor at the encoder
and as a postprocessor at the decoder. Alternatively, in
the in-loop approach, the tone mapper is used in the
reconstruction path at the encoder (i.e., between the
base codec and the calculation of the residuals) and in a
similar fashion at the decoder. Note that in both
schemes the base can be encoded at the same or lower
resolution than the resolution used by the LCEVC
encoder—in which case a downscaler and upscaler sim-
ilar to those shown in Figure 1 are added to the scheme
(not shown in Figure 4).

The out-of-loop approach has the advantage of
being immediately compatible with any of the existing
HDR schemes, provided the same HDR scheme is
used at the encoder and decoder. On the other hand,
the in-loop approach “ties” the LCEVC encoding
scheme with a specific HDR scheme. However, it has
the advantage of being able to correct any artefacts,

FIGURE 3. Subjective test results for LCEVC enhancing VVC using Configuration A and Configuration B versus HEVC for 4K HDR

sequences. These tests were conducted using the same software implementations and configurations used in Table 1.

TABLE 1. HDR results.

Average BD-Rate (MOS)
(LCEVC enhancing VVC

versus HEVC)

PQ HLG

Configuration A –52.58% –54.60%

Configuration B –36.63% –49.17%
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which the HDR tone mapper may introduce and/or
being unable to correct (this is particularly relevant
when considering the color volume space).

LCEVC FOR 8K AND IMMERSIVE
VIDEO

With the advent of larger screens and the need to pro-
vide immersive experiences to customers, providing
higher resolution is an obvious requirement, and with
that a higher level of compression efficiency is also
needed.

However, the challenge does not end at compres-
sion efficiency alone. With the extensive use of portable
devices, from mobile phones to VR headsets, power
management is also an essential requirement to deliver
high-quality interactive videos to consumers.

Thanks to its design principles, LCEVC is well
placed to enable delivery of high-quality video while
balancing the computational burden on encoding and

decoding process. For example, the study presented in
Cobianchi et al.’s work16 demonstrates that LCEVC is a
valuable tool to improve the quality-cycles tradeoffs
across the full complexity range for three tested stand-
ards—AVC, HEVC, and AV1—while enlarging the set of
mobile devices capable of playing back high quality
and high frame-rate content encoded with AV1, and to
extend mobile battery life by up to 50% with respect to
the state-of-the-art AV1 software decoding.

8K Video Delivery
8K is the highest resolution defined in the Rec. 2020
(UHDTV) standard.33 As the natural successor of 4K
resolution, TV manufacturers have started selling 8K
TV sets, since 2019. Sales of 8K TV sets are expected
to reach over 4.4 million units per annum by 2025.34

Interestingly, recent scientific research has shown
that cognitive and synesthetic factors as well as percep-
tual factors, and color expression were improved in 8K
image quality. The research findings suggested that both

FIGURE 4. In-loop and out-of-loop configurations. (a) In-loop configuration. (b) Out-of-loop configuration.
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perceptual and cognitive factors are reinforced in 8K.35

Irrespective of the quality improvement, it is undeniable
that 8Kwill require amuch higher level of compression to
be delivered across existing and future delivery network,
whether it is broadcast, broadband, or a combination of
them. Furthermore, producing 8K content in a multireso-
lution world poses itself challenges both from an eco-
nomical perspective and a sustainability point of view.

In this context, LCEVC can help providing the right
tradeoff between compression and complexity as
already demonstrated at lower resolutions.16

In the following analysis we have tested LCEVC
enhancing HEVC against native HEVC. For the tests
we have used real-time implementations of LCEVC
and HEVC, namely V-Nova LCEVC SDK25 and an open
source HEVC software encoder implementation (x265
3.736). For the test we used the 8K Berlin Test Sequen-
ces37 and used constant rate factor quality configura-
tions for both LCEVC and x265.

The test results are reported in Table 2. As it can
be seen, LCEVC enhancing HEVC can provide an aver-
age bitrate saving of almost 39% with an average
increase of over 6 VMAFb points over a corresponding
encoding with HEVC.

MPEG Immersive Video
The MPEG immersive video (MIV) standard, formally
known as ISO/IEC 23090-12,39 entered the Final Draft
International Standard balloting stage in October
2021. The goal of the MIV standard is to provide effi-
cient coding of immersive, six degrees of freedom
(6DoF) volumetric visual scenes. An immersive 6DoF
representation, unlike a three degrees of freedom

(3DoF) representation, provides a larger viewing space,
where viewers have both translational and rotational
freedom of movement at their disposition. 6DoF videos
also enable the perception of motion parallax, where
the relative positions of scene geometry change with
the pose of the viewer. The absence of motion parallax
in 3DoF videos is inconsistent with the workings of a
normal human visual system and often leads to visual
discomfort.

As further detailed in ISO/IEC JTC 1/SC 29/AG 03 N
59,40 an MIV encoder, illustrated in Figure 5, generates
one or more attribute atlases and geometry atlases and
metadata that describe the atlases. Atlases are a com-
position of patches extracted from the source or virtual
views. The resulting attribute and geometry atlases are
encoded as a video bitstream with a 2-D video encoder,
while themetadata is encoded using theMIV standard.

The decoder/renderer shown in Figure 6 first per-
forms video decoding, and then reconstructs views by
reversing the atlas packing process. The MIV bit-
stream contains metadata indicating the packing
order, position, rotation, and source view number of
each patch in the atlas, which are used in the recon-
struction process.

Being a standard that requires implementation on
battery powered devices, MIV directly benefits from a
reduction in complexity. Moreover, like any other tech-
nology that tries to reproducemultidimensional content,
precise representation of depth information is critical to
ensure that the content is rendered appropriately based
on the instantaneous view point the user is looking at.

LCEVC is used in MIV with configurations that
differ between geometry and texture surfaces. Specifi-
cally, for geometry surfaces LCEVC enhances a base
layer encoded using VVC at the same resolution as

TABLE 2. 8k test results.

BD-Rate
(%)

BD-Distortion
(VMAF)

BodeMuseum –41.99 5.56

OberbaumSpree –49.74 6.59

NeptuneFountain2 –38.81 7.62

NeptuneFountain3 –36.70 6.87

QuadrigaTree –36.67 7.47

SubwayTree –28.92 4.88

TiergartenParkway –37.91 7.43

Average –38.68 6.63

FIGURE 5. High-level block diagram of an MIV encoder.

FIGURE 6. High-level block diagram of an MIV decoder.

bVideo Multimethod Assessment Fusion (VMAF) is an objec-
tive full-reference video quality metric used to evaluate the
quality of different video codecs, encoders, encoding set-
tings, or transmission variants.38
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the enhancement layer. On the other hand, for texture
surfaces LCEVC enhances a base layer encoded using
VVC at a quarter resolution of the enhancement layer.

We can observe average savings of between 5%
and 7% for VMAF (with peaks of 12%) and around 5%
for SSIMc (with peaks of over 9%). In terms of IV-
PSNR,d we see average savings at low bitrates and a
slight loss at higher bitrates.

After having verified that LCEVC enhancing VVC can
improve objective metrics and having confirmed the
sameby visually inspecting the sequences, a formal sub-
jective evaluation of the pose traces has been con-
ducted to verify if similar visual quality improvements
can be observed also by naïve viewers. For each
sequence 3 pose-traces per rate have been evaluated
using 16 naïve viewers. As shown in Table 3, subjective
evaluations confirmed an average gain of almost 11%,
with peaks of up to 20% in a couple of sequences.

Table 3 also shows the end-to-end timing analysis.
Using the configuration described above, LCEVC can
achieve average savings on encoding times of 23%
(over 30% in some sequences). In addition, average
savings of 12% on decoding times can be achieved
(over 16% in some sequences).

In summary, the following benefits are demonstrated.

› LCEVC provides visual quality improvements,
particularly at lower bitrates, when used to
enhance the anchor. In particular, it can attain a
visual quality which is comparable or better than
that achieved when using the anchor alone.

› LCEVC provides a significant reduction in the
overall complexity of the end-to-end process. In
particular, when used to enhance the anchor it
can reduce encoding times up to 30% compared
to the anchor used alone along with a reduction
in decoding time up to 15%.

› LCEVC allows extending the bit-depth of the
geometries from 10 to 14 bit, thus adding preci-
sions to the geometry representations. In particu-
lar, starting from a geometry reconstructed at 10
bit using the anchors, it adds coded information to
bring it back to the 14 bits of the original geometry
representation. This feature could also enable the
original geometry representation to be processed
at a higher resolution than in the current setup.

The abovementioned has been demonstrated by
using LCEVC in conjunction with the current anchor
(VVenC) used as a base codec. However, it is important
to note that LCEVC is an enhancement that can be
applied to any codec format and/or implementation.

LCEVC FOR XR AND THE
METAVERSE

In recent years there has been an increase interest
around the metaverse and use of XR for delivering
immersive experiences. To ensure mass adoption,
there are at least the following three requirements to
meet.

› Quality of experience is critical to meet end-
users’ expectations for visually stunning, realis-
tic, smooth, and immersive experiences. These
require highest audio-visual quality, high-quality
3D objects, realistic lighting, high resolutions,
high frame rates, and very low latency.

TABLE 3.MIV test results with LCEVC enhancing VVC.

Objective metrics (Low
bitrates)

Objective metrics (High
bitrates)

Subjective
evaluation

Timings

IV-
PSNR

VMAF SSIM IV-
PSNR

VMAF SSIM MOS Video
encoding

Decodingþ
Rendering

Museum (B) 4.0% –3.5% –4.2% 9.2% –5.9% 0.7% –8.6% 91.0% 83.4%

Fan (O) 3.5% –2.2% –3.0% 8.1% –2.2% –4.8% –20.2% 78.3% 85.9%

Painter (D) –5.1% –11.8% –9.3% –1.6% –12.2% –7.6% –3.5% 82.0% 95.1%

Frog (E) –6.3% –6.1% –4.5% –11.6% –9.5% –7.3% –13.4% 73.1% 86.1%

Chess (N) 1.5% –2.7% –5.5% 9.8% –10.3% –9.5% 0% 67.9% 88.7%

Fencing (L) –11.5% –7.7% –8.6% –2.3% –6.6% –4.6% –19.3% 69.8% 88.4%

Average –2.3% –5.7% –5.8% 1.9% –7.8% –5.5% –10.8% 77.0% 87.9%

cSSIM is a widely used full-reference metric for assessment of
visual quality of images and remote sensing data.41
dIV-PSNR is a metric that allow for the evaluation of quality
loss for typical immersive video distortions: corresponding
pixel shift and global component difference.42
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› XR devices must be small and light for mass adop-
tion, since consumers will not wear heavy gear for
several hours a day. This limits the amount of elec-
tronics deployable on those devices as well as the
available battery life, meaning that processing high-
quality 3-D rendering in real time is very challenging.

› Metaverse applications must be as interoperable
as web pages, meaning that very different view-
ing devices (including both XR headsets/smart
glasses and more traditional TVs, mobile phones,
tablets, or laptops) must be able to access them.
This will ensure the greatest possible user base
for their services. In June 2022 a Metaverse
Standards Forum was launched43 with a focus
on fostering interoperability in the ecosystem.

Therefore, themost significant technical challenge to
mass adoption remains the ability to render in real-time
high-quality content on lightweight wearable XR head-
sets, which can consume a limited amount of power (1–2
Watt) and have significant less GPU computational
power than typical gamers PCs. It is likely that this chal-
lenge will require a paradigm shift in terms of processing
and rendering, with the 3-D rendering performed on a
device (nearby or remote) different from the display
device, and the resulting rendered frames streamed to
the display device.

In other words, an XR device will just have to manage
its sensors, process/send data of what the user is doing
and decode the received high-framerate high-resolution
video. This, in turn,would result in somekey requirements:
high-quality video within limited bandwidth constraints
(30–50 Mbps) and ultralow latency transmission (20–30
ms) with no jitter. In this context, MPEG-5 LCEVC is
uniquely positioned toworkwell for this scenario.

LCEVC can enable high-framerate (e.g., 72fps and
beyond) stereoscopic 4K using a 25–50 Mbps overall
bandwidth. For example, we have tested LCEVC
enhancing H.264/AVC and H.265/HEVC over a GPU
using the hardware-based encoders, which are natively
available on such platforms (i.e., NVENC44). Figure 7
shows some screenshots taken from sequences
encoded using NVENC (left-hand side) and LCEVC-
enhancing NVENC (right-hand side). In all cases, the
sequences were encoded at 25Mbps in an ultralow-
latency setting.

In addition, the LCEVC data can be transmitted in a
separate lower priority data channel and dropped on
the fly—even in the middle of frame transmission, after
encoding—in case of network congestion, without
compromising the base layer and with minimal impact
on visual quality. This allows to immediately reacting to
the frequent oscillations and packet loss inherent
to wireless transmission, avoiding piling up tens of

FIGURE 7. Comparison of NVENC versus LCEVC-enhanced NVENC at 25Mbps in ultralow latency setting. Top row: NVENC H264

(left) versus LCEVC-enhancingNVENCH264 (right). Bottom row: NVENCH265 (left) versus LCEVC-enhancingNVENCH265 (right).
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milliseconds of latency jitter at every sudden drop of
bandwidth. Further, from an overall end-to-end system
latency point of view, LCEVC enables to initiate trans-
mission and decoding of the base layer while still
encoding the enhancement layer, providing an addi-
tional degree of freedom to reduce coding latencies.

As also shown in the “LCEVC for High Dynamic
Range Videos” section previously, by leveraging a 16-
bit accelerated pipeline, LCEVC can encode HDR
video at 12 or 14 bit without any processing and/or
bitrate overhead, while still using the available 8-or 10-
bit base layer codecs.

Finally, as shown in the “LCEVC for 8K and Immer-
sive Video” section previously, the ability by LCEVC to
process higher bit depths can enable sending 14-bit
depth maps along with the video, allowing more realis-
tic depth-based reprojections and eye tracking-based
varifocal adjustments.

CONCLUSION
In this article, we have presented MPEG-5 LCEVC, the
newest MPEG standard, and provided a brief overview.
We have specifically explored how LCEVC can provide a
significant benefit for future applications. We have
shown howLCEVC can carry HDR data in a very efficient
way, as well as enhance an SDR data stream with HDR
data carried within a single bitstream. We have also
shown how LCEVC can efficiently encode higher resolu-
tion videos, such as 8k and described the advantages it
can bring in terms of coding efficiency, encoding and
decoding speed up, and bit-depth precision when used
with immersive content within theMIV standard. Finally,
we have described how LCEVC can play a pivotal
enabling role in the deployment of the metaverse and
the split computing paradigm needed for it to work.
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