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METHOD, APPARATUSES AND SYSTEMS DIRECTED TO QUALITY OF
EXPERIENCE IMPROVEMENT IN CLOUD GAMING

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of European Patent Application
No. 21305349.9, filed March 22, 2021, which is incorporated herein by reference.

1. TECHNICAL FIELD

The present disclosure relates to the cloud gaming domain, which may also
be referred to as game streaming, and more particularly to quality of experience

(QoE) in cloud gaming.

2. BACKGROUND ART

In cloud gaming, an end user device may not run the game executable
program, which may be run on a server (e.g., instance). The server instance may
be located in a data center (operated e.g., by a cloud provider or by any kind of
operator). In cloud gaming, the user experience of the game may vary depending
on different factors such as e.g., any of network latency, server load and game

complexity. The present disclosure has been designed with the foregoing in mind.

3. SUMMARY

Methods, apparatuses, systems, etc., directed to QoE improvement in cloud
gaming are disclosed herein. In an embodiment, a method for improving a QoE of
video content (such as e.g., a game) may be implemented in a client device. For
example, the client device may receive, from a server, a plurality of packets
carrying video frames of the video content. For example, the client device may
apply an initial (e.g., secure reliable transport (SRT)) latency value to the received
packets before decoding and displaying. For example, the client device may send
arequest message to the server. For example, the request message may comprise
first information indicating a new latency value based on a frame pace variation.

For example, the client device may receive a response message from the server,
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the response message comprising second information indicating a new latency
value. For example, the client device may apply the new SRT latency value to
received subsequent packets before decoding and displaying (e.qg., the subsequent
packets).

Although various embodiments are described and/or claimed herein in
which an apparatus, system, device, etc. and/or any element thereof is configured
to carry out an operation, process, algorithm, function, etc. and/or any portion
thereof, it is be understood that any embodiments described and/or claimed herein
assume that any apparatus, system, device, etc. and/or any element thereof
carries out any operation, process, algorithm, function, etc. and/or any portion

thereof (and vice versa).

4. BRIEF DESCRIPTION OF THE DRAWINGS

A more detailed understanding may be had from the following description,
given by way of example in conjunction with the accompanying drawings. Figures
in such drawings, like the detailed description, are examples. As such, the Figures
and the detailed description are not to be considered limiting, and other equally
effective examples are possible and likely. Furthermore, like reference numerals in
the figures indicate like elements.

- Figure 1 is a system diagram illustrating an example of a high-level
architecture of game streaming;
- Figure 2 is a system diagram illustrating an example of video streaming in

a cloud gaming architecture;

- Figure 3 is a diagram illustrating an example of a latency window operation
in a SRT latency buffer;

- Figure 4 is a diagram illustrating an example of an acknowledge operation
in SRT,;

- Figure 5 is a diagram illustrating an example of receiver and sender buffer
latencies after a SRT extended handshake procedure;

- Figures 6A and 6B are two diagrams illustrating two examples of an inter-
frame delay variation metric;

- Figure 7 is a system diagram illustrating an example of a cloud gaming

system based on SRT;
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Figure 8A is a diagram illustrating two examples of extended handshake
packet formats;

Figure 8B is a diagram illustrating an example of handshake extension
message flags;

Figure 9A and 9B are two diagrams illustrating two examples of an
extended handshake message exchange for indicating a capability to
support latency dynamic change;

Figure 10 is a diagram illustrating an example of a format of a SRT message
for requesting a new SRT latency value;

Figures 11A and 11B are two diagrams illustrating two examples of a
message exchange for a dynamic latency change procedure respectively
initiated by the client device and by the server;

Figure 12A is a diagram illustrating an example of a client processing device
12A for improving a QoE of a game;

Figure 12C is a diagram illustrating an example of a server processing
device 12C for improving a QoE of a game;

Figure 12B represents an example of an architecture of any of the client
and the server processing device of Figures 12A and 12C;

Figure 13 is a diagram illustrating an example of a method for improving a
QoE of a game;

Figure 14 is a diagram illustrating a first example of a method implemented
in a client device e.g., for improving a QoE of video content;

Figure 15 is a diagram illustrating a second example of a method
implemented in a server e.g., for improving a QoE of video content;

Figure 16 is a diagram illustrating a third example of a method implemented
in a client device e.qg., for improving a QoE of video content; and

Figure 17 is a diagram illustrating a fourth example of a method

implemented in a server e.g., for improving a QoE of video content.

It should be understood that the drawing(s) are for purposes of illustrating

the concepts of the disclosure and are not necessarily the only possible

configuration for illustrating the disclosure.
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5. DESCRIPTION OF EMBODIMENTS

It should be understood that the elements shown in the figures may be
implemented in various forms of hardware, software or combinations thereof.
Preferably, these elements are implemented in a combination of hardware and
software on one or more appropriately programmed general-purpose devices,
which may include a processor, memory and input/output interfaces. Herein, the
term " interconnected " is defined to mean directly connected to or indirectly
connected with through one or more intermediate components. Such intermediate
components may include both hardware and software based components. The
term “interconnected” is not limited to a wired interconnection and also includes

wireless interconnection.

All examples and conditional language recited herein are intended for
educational purposes to aid the reader in understanding the principles of the
disclosure and the concepts contributed by the inventor to furthering the art and
are to be construed as being without limitation to such specifically recited examples

and conditions.

Moreover, it will be appreciated by those skilled in the art that the block
diagrams presented herein represent conceptual views of illustrative circuitry
embodying the principles of the disclosure. Similarly, it will be appreciated that any
flow charts, flow diagrams, state transition diagrams, pseudocode, and the like
represent various processes which may be substantially represented in computer
readable media and so executed by a computer or processor, whether or not such

computer or processor is explicitly shown.

The functions of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capable of executing
software in association with appropriate software. When provided by a processor,
the functions may be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller” should not be
construed to refer exclusively to hardware capable of executing software, and may

implicitly include, without limitation, digital signal processor (DSP) hardware, read



10

15

20

25

30

WO 2022/200215 PCT/EP2022/057178

5

only memory (ROM) for storing software, random access memory (RAM), and non-

volatile storage.

Other hardware, conventional and/or custom, may also be included.
Similarly, any switches shown in the figures are conceptual only. Their function
may be carried out through the operation of program logic, through dedicated logic,
through the interaction of program control and dedicated logic, or even manually,
the particular technique being selectable by the implementer as more specifically

understood from the context.

In the claims hereof, any element expressed as a means for performing a
specified function is intended to encompass any way of performing that function
including, for example, a) a combination of circuit elements that performs that
function or b) software in any form, including, therefore, firmware, microcode or the
like, combined with appropriate circuitry for executing that software to perform the
function. The disclosure as defined by such claims resides in the fact that the
functionalities provided by the various recited means are combined and brought
together in the manner which the claims call for. It is thus regarded that any means

that can provide those functionalities are equivalent to those shown herein.

It is to be appreciated that the use of any of the following “/”, “and/or”, and
“at least one of”, for example, in the cases of “A/B”, “A and/or B” and “at least one
of A and B, is intended to encompass the selection of the first listed option (A)
only, or the selection of the second listed option (B) only, or the selection of both
options (A and B). As a further example, in the cases of “A, B, and/or C” and “at
least one of A, B, and C”, such phrasing is intended to encompass the selection of
the first listed option (A) only, or the selection of the second listed option (B) only,
or the selection of the third listed option (C) only, or the selection of the first and
the second listed options (A and B) only, or the selection of the first and third listed
options (A and C) only, or the selection of the second and third listed options (B
and C) only, or the selection of all three options (A and B and C). This may be
extended, as is clear to one of ordinary skill in this and related arts, for as many

items as are listed.
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Embodiments described herein are related to cloud gaming which may also
be referred to as game streaming. Cloud gaming may be seen as the concept of
executing a game on a (e.g., remote) server, (which may be referred to herein as
any of a “game server”, and a “server”, collectively “server’) sending the result as
a video stream to an end-user device, which may be referred to herein as any of a
“cloud gaming client’, a “thin client device”, a “client game device”, collectively
“client device”. The game server and the client device may be interconnected via
any type of network. For example, the server may be located in the cloud and the

game may be running on any (e.g., type of) instance of a server.

For the sake of simplicity, embodiments are described herein by referring to
a game (e.qg., streaming) as an example of video content (e.g., streaming).
Embodiments described herein are not limited to game streaming and may be
applicable to any kind of video content streaming. Throughout embodiments
described herein the terms “game” and *“video content” may be used

interchangeably.

For the sake of simplicity, embodiments are described herein by referring to
the secure reliable transport (SRT) protocol and its associated SRT latency. The
SRT protocol (e.g., and the SRT latency) are only examples of a protocol (e.g., and
latency) that may be applicable to embodiments described herein. Any transport
protocol and any kind of latency (e.g., management system) capable to reproduce
at the client device a rate (e.g., a time sequence) of packets (e.g., data, video
frames) that may be similar to (e.g., representative of) the rate (e.g., time
sequence) of packets (e.g., data, video frames) that may have been generated at
the server, may be applicable to embodiments described herein. The terms “SRT
(e.q., request, response, handshake) message” and “(e.g., request, response,
handshake) message” may be used interchangeably throughout embodiments
described herein. The terms “SRT latency” and “latency” may be used

interchangeably throughout embodiments described herein.

Figure 1 is a system diagram illustrating an example of a high-level
architecture of game streaming. The client device 11 may not run the game

executable, which may be running on (e.g., a dedicated instance of) the server 12.
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The server (e.g., instance) may be located, for example, in a data center (that may
be operated e.g., by any of cloud provider and an operator). The server 12 may
include (e.g., performant) hardware such as e.g., a graphics processing unit (GPU).
For example, the server 12 may obtain (e.g., capture) images (e.g., of a scene of
the game) rendered 122 by the GPU at a (e.g., given capture) rate (e.g., 60 frames
per second (FPS)). The obtained (e.g., captured) images may result in a flow of
video frames, that may be encoded 121 into a (e.g., live) video stream that may be
sent (e.g., transmitted) to the client device 11. The video stream may comprise a
plurality of packets carrying (e.g., encoded) video frames of the game. On the client
device 11, a thin game client application may receive (e.g., listen to) this video
stream, may decode frames as they may be received and may present (e.g.,

display) them to the client device 11 screen.

The client device 11, by performing (e.g., only) these few operations may be
lightweight (include limited processing resources). The term “video stream” is used
to designate the set of video (e.g., encoded) frames of the game that may be
transmitted by the game server to the client device, e.g., as a plurality of packets
including e.qg., any of a transport layer overhead and (e.g., corresponding)

metadata.

In cloud gaming, the quality of experience (QoE) may depend on any of
objective and subjective factors. For example, the QoE may depend on any of a
responsiveness to user commands (e.g., response time, latency) and a presence

or not of video stuttering, which may also be referred to as video smoothness.

Video smoothness may be an important subjective factor impacting the
QoOE, that may appear as important as the response time, or the visual quality, for
which the user may be tolerant or may adapt. Video stuttering (e.g., lack of
smoothness) may occur, for example, in a case where any number of frames are
any of dropped and duplicated in the client device (which may be visible on the
client screen). A frame duplication (e.g., rendering a same frame twice) may occur,
for example, in a case where the next frame to be displayed may not be received,
decoded and displayed in time (e.g., for example due to an increased latency).

Similarly, a frame drop (e.g., skipping, not decoding, not displaying the frame) may
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occur, for example, in a case where the receiving buffer of the client device is full
(e.q., forexample, due to an arrival of burst data) and some frames may be deleted.
A frame that may be deleted (e.g., due to a client buffer being full) may no longer
be received, e.g., in a case where server retransmission is no longer possible for

that frame.

In cloud gaming, the regularity (e.g., constancy) of the rate at which video
frames of the game may be received by (e.g., delivered to) the client device may
be affected (e.g., impacted) by any number of (e.g., changing) conditions (e.g.,
factors) such as e.g., any of network (e.g., changing) constraints, encoding
variability, availability of server resources e.g., linked to the number of game
executables that may be running on the server instance (e.g., any of disk /O
accesses, CPU, GPU and encoder function sharing, ), complexity of the scene at
a given time, etc... For example, on the client device screen, some video stuttering
may occur due to e.g., an overflow (respectively an underflow) of frames (in a
memory buffer of the client device) which may force the client device to drop (resp.
to duplicate) some of them, which may alter (e.g., degrade) the pace (e.g., rate

regularity) of the rendered video.

In cloud gaming, a client device may include a memory buffer for buffering
video on reception for e.g., hundreds of milliseconds before the video may be
rendered on screen. Video stuttering issues may be reduced (e.g., removed) by
increasing the size (e.g., time) of the memory buffer which may increase the overall
cloud gaming latency, which may be seen as an important factor for the QoE. There
may be a compromise (e.g., a balance) to be estimated by keeping both a low (e.qg.,
minimum) value of the cloud game latency and a low level of (e.g., no) video

stuttering.

As (e.g., live, real) conditions may be continually evolving during the game
session, there may be a high value of any of sporadic and long duration variation
of the jitter in the client device. Embodiments described herein may allow to (e.g.,
regularly, repeatedly) adjust the balance (e.g., between increasing the latency and
reducing the video stuttering) enabling the server and the client device to remain

(e.q., properly) synchronized.
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Example of Cloud Gaming Latency

In cloud gaming high responsiveness may allow to (e.q., quickly) adapt the
streamed content to the actions of the user. The term “cloud gaming latency” may
be used to refer to the delay between a user’s action in the game and its effect on
the display. The cloud gaming latency may include:

- a round trip time delay (RTT), which may be seen as the network
transport delay between a first time when a packet may be sent by the client device
and a second time when a response packet may be received from the server. A
RTT may vary over time, depending on e.g., current network conditions,
congestions issues etc.

- a processing delay, which may be seen as a time for the server to
encode the frame. This time may depend on the resource management on server
side.

- a playout delay, which may be seen as a time for the client device to
decode the frame and present (e.q., display) it on screen.

- a queuing delay, which may be seen as a time spent in internal
buffers inside the reception protocol stack, before received packets may be
delivered to the application for play out. The dimensioning of buffering may be a
setting, that may be any of pre-configured and chosen (e.g., determined) at start-
up and. For example, the dimensioning of buffering may be negotiated between

server and the client device.

The cloud gaming latency may be kept at a low value to allow an enjoyable
user experience in gaming. For example, a cloud gaming latency that may remain
between 100 and 150 milliseconds may allow to provide an enjoyable user

experience, for example, for first person shooter games.

Example of Video Streaming in Cloud Gaming

Figure 2 is a system diagram illustrating an example of a video streaming
in a cloud gaming architecture. On the server 21, a video capturing and encoding
processing module 211 may be configured to capture a frame(s) rendered by the
game at a target rate (e.g., 60Hz). A new encoded frame may be encoded by the
processing module 211 and may be output at the same target rate. An (e.g., each)

encoded frame may be transported to the client device 22 using a reliable
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streaming protocol above any of the user datagram protocol (UDP) and the
transport control protocol (TCP). Examples of reliable streaming protocols may
include, for example, any of the web real time communication protocol (WEBRTC),
e.g., for Stadia, and the real time protocol (RTP) over UDP e.g., for GeForce Now.

For example, in a live video system, the transport may be impacted by any
of congestion, packets losses, reordering and jitters. Any of packet late arrival and
packet losses may produce any of video stuttering, video freezes and visual
impairments. The protocol stack (e.g., network delivery system) may compensate
(e.g., attenuate) these effects to improve the QoE by any of the following
techniques:

- A buffer 222 of packets may be used to e.g., absorb network (e.g.,
time delivery) fluctuations;

- redundancy of information, such as forward error correction (FEC)
may be used to improve the transmission reliability;

- a repairing mechanism may be used, by e.g., requesting the server
to retransmit packets that may have been detected as corrupted or missing by the
receiver (such as the secure and reliable transport protocol (SRT).

There may be video streaming techniques that may use an important
buffering, for example, measured in seconds, that may drastically increase the
queuing delay and the global cloud latency. These techniques may not be
applicable to cloud gaming and its corresponding (e.g., ultra-low) latency (<150ms)
expectations, for which, the video buffering may be reduced.

According to embodiments, the client device 22 may receive (e.g., through
the network protocol stack) packets (e.g., carrying video frames) that may be
buffered (e.g., stored in a receiver buffer 221) queue before they may be delivered
to the application for decoding 222 and presentation (e.g., display) 223. For
example, the packets may be stored in the buffer 221 for a (e.g., maximum) time
limit. For example, the decoding processing module 222 may leverage (e.g., any)
HW acceleration available on the client device to decode the frame(s). As
examples, GeForce Now and Stadia may use DirectX video acceleration (DXVA2).
Decoded video frames may be presented to (e.qg., displayed on) the screen,
synchronized to a periodic video synchronization signal (at e.g., 60Hz) (which may

be referred to herein as Vsync), for example, in order to avoid any tearing effects.
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For example, due to any reason (such as e.g., any of packet jitter, packet
error and reparation etc.), a video frame may be decoded (e.g., too) late and may
be available to the presentation module 223 sometime (e.g., a few milliseconds)
after the Vsync deadline time. In such a case, the previous video frame may be
presented (e.g., displayed) for two Vsync periods on screen, and the last decoded
one may be postponed to the next Vsync period (e.g., 16.66ms later). In a case
where this process is repeated for (e.g., several, all) occurrences of missed (e.qg.,
late) frames, the delay between presented (e.g., displayed) video frames on screen
and produced (e.g., encoded) video frames by the server may accumulate over
time and may shift. For example, (e.g., at some point in time), the client device may
resynchronize with the video source (e.g., encoding rate) by skipping any number
of (e.g., too) late decoded video frames and present (e.g., display) the last received
one. For example, the sequence of displayed video frames may not be strictly
identical to the sequence of captured video frames, as they may include any of
repeated frames and skipped frames, which may be a cause of video stuttering.

For example, disabling Vsync (which may create a risk of tearing) may not
prevent video stuttering to occur. In a case where the inter delay between (e.q.,
successive) decoded frame is not constant, video frames may not be displayed for

the same amount of time, which may create some video stuttering.

SRT Protocol Example

The secure reliable transport protocol (SRT) is an example of streaming
protocol that may be used for cloud gaming.

SRT was initially developed internally by a video streaming company
(Haivision) to address video streaming applications. SRT is supported through the
SRT Alliance, founded by Haivision and Wowza. SRT may also be available as an
internet engineering task force (IETF) draft “The SRT protocol draft-sharabayko-
mops-srt-01” published the 9" September 2020.

Based on UDP-based Data Transfer (UDT) protocol, a SRT packet may
include a SRT header, which may include information indicating any of a packet
number, a message number, a time stamp, a destination socket identifier, etc. A
SRT packet may be of different types, such as e.g., a control type (for control

packets) and a data type (for data packets). Control packets may be used for any
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of session management, acknowledgment, etc. Data packets may be used to
deliver the stream data (e.g., packets carrying video / audio frames).

According to embodiments, SRT may allow to timely deliver packets to the
application. For example, SRT may allow to send packet to the application at a
timing corresponding to the timing at which packets may have been ingested in
SRT.

According to embodiments, SRT may allow to not retransmit late packets.
For example, SRT may be able to identify packets that may be too late for being
successfully and timely delivered to the application, and to stop retransmitting
them.

According to embodiments, SRT may allow to (e.g., regularly, repeatedly)
estimate RTT using an ACK and ACKACK mechanism.

SRT Buffer Latency Example

Figure 3 is a diagram illustrating an example of a latency window operation
in a SRT latency buffer. For example, a (e.g., game) server may include a sender
Tx buffer 31 and a sender Rx buffer 33. For example, a client device may include
a receiver Rx buffer 32 and a receiver Tx buffer 34. The sizes of the server and the
client device buffers 31, 32 may correspond to windows 310, 320 inside the buffers
31, 32 and may be referred to herein as latency windows. For example, latency
windows 310, 320 of a same length for the server sender Tx buffer 31 and the client
device receiver Rx buffer 32 may be negotiated between the server and the client
device during the SRT extended handshake e.g., during the session establishment,
as described herein.

At the server side, a (e.qg., circular) latency buffer 31 may be used to store
the SRT packets obtained from the fragmentation of the encoded video frames
obtained from the video encoder. For example, the SRT packets may be kept in
the (e.g., circular) latency buffer 31 for retransmission during an amount of time
associated with a SRT latency value. These packets may be timestamped, for
example, relative to the creation time of the SRT session (e.g., relative to the time
the SRT session may have been established). For example, a time value may be
initialized at the creation of the SRT session and may be incremented based on a
(e.q., system) clock. The (e.g., system) clock may be a steady clock, which may be

based on e.g., a measure of the number of CPU-cycles elapsed from the start of
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SRT session. For example, a (e.g., each) packet may include time stamp
information indicating a time associated with a storage of the packet in the server
sender Tx buffer 31. For example, the time stamp information may indicate the
packet send time (e.g., when the packet has been transmitted (e.g., for the first
time) to the client device. In another example, the time stamp information may
indicate the packet origin time (e.g., when the packet has been created and stored
(e.q., inserted) in the sender Tx buffer 31 (e.q., any of before, after and at the (e.qg.,
first) transmission time). Time stamp information corresponding to the time values
at which different packets may have been obtained from the encoder (e.g., and
stored in the server sender Tx buffer 31) may be inserted in the packets. The
different packets (e.g., with different times indicated by the timestamp information)
may remain in the buffer for a (e.q., limited) amount of time. For example, a packet
may remain in the buffer up to an acknowledge (ACK) may have been received for
that packet. For example, the packet may remain in the buffer up to (e.g., a time
corresponding to) the end of the sender latency window (SLW)). In a case where
the reception of a packet has not been acknowledged by the client device (e.g.,
within a timeout) and the time indicated by the timestamp information of the packet
remains in the SLW, the packet may be retransmitted by the sender. Otherwise
(e.q., if the time stamp information of the packet indicates that the packet is stored
in the buffer for more than the SLW), the packet may be dropped, and the server
may stop retransmitting the packet. Stopping retransmitting late packets may allow
to avoid useless transmissions because the packet, not being anymore in the
receiver latency window (RLW) on the client side may not be decoded in time for
being displayed.

At the client device side, a receiver latency buffer 32 may be used to store
(e.qg., hold) received packets, for example, until a time to deliver them to the
application (for decoding and rendering) may occur. For example, packets may be
extracted from the receiver latency buffer 32, for being decoded, based on a
comparison between the time indicated by the time stamp information included in
the packets and a (e.g., local, system) time. For example, a packet may be
extracted for being decoded after a (e.g., constant) amount of time that may have
elapsed between the time the packet may have been inserted in the sender latency

buffer 31 of the server (e.g., transmitted for the first time) and the time the packet



10

15

20

25

30

WO 2022/200215 PCT/EP2022/057178

14

may be extracted from the receiver latency buffer 32 of the client device after
successful reception by the client device. The (e.g., constant) amount of time may
be constant at least for a set of successive (e.q., consecutive) packets. The (e.q.,
constant) amount of time may be associated with a SRT latency value. For
example, the (e.g., constant) amount of time may correspond to at least the sum
of the SRT latency value and an initial value representative of the RTT (e.g., such
as half of the initial RTT (e.g., which may be measured during the SRT handshake
exchange)). The packet timestamps may allow to reflect, at the receiver side the
pace (e.g., timing) at which packets may have been generated (e.g., by the
encoder) at the sender side. Reflecting the sender pace at the client device may
allow to eliminate jitter for the application. This may allow the application to have
small (e.g., limited) buffering. For example, the SRT receiver may reorder packets
e.g., based on the packet numbering. For example, the SRT receiver may detect
missing packets, e.g., based on holes (e.g., discontinuity) in the sequence of
packet numbers. For example, any number of missing packets may be reported by
transmitting a non-acknowledge packet (which may be referred to herein as NAK)
to the server, which may trigger their re-transmission. After (e.g., reordered)
packets may have been delivered to the application, the client device may send an
acknowledge packet (which may be referred to herein as ACK). For example, any
of ACK and NAK may be sent on a regular and configurable interval basis (e.g.,
10ms).

Figure 4 is a diagram illustrating an example of an acknowledge operation
in SRT. An ACK message 41 may be transmitted by a SRT receiver to trigger the
transmission of an ACKACK message 42 by a SRT sender to allow the SRT
receiver to compute the RTT (e.g., and any RTT variance value). For example, in
a case where the number of transmitted packets is high within an ACK period 40,
a light ACK 43 message may be transmitted to acknowledge packets, e.g., without
triggering any ACKACK transmission and RTT measurement.

According to embodiments, in a case where a packet has not been received
in time for delivering the packet to the application (e.g., for decoding and
displaying), no further attempt to (re)transmit the packets may be operated by the
server. For example, the packet may be considered as not been received in time

in a case where itis received after its expected extraction time (e.g., corresponding
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to the (e.g., constant) amount of time after the time indicated in the time stamp
information, the (e.g., constant) amount of time being associated with the SRT
latency value). In the case where the packet has not been received in time, the
client device (e.q., receiver stack) may advance its receiver latency window in a
same way as if the packet had been received. Similarly, the server may advance

its sender latency window as if the packet had been successfully transmitted.

According to embodiments the (e.g., receiver, sender) latency windows may
allow to provide a (e.g., predictable and) bounded latency. For example, a reduced
latency may be obtained at the risk of losing more packets, depending on the

network conditions.

SRT Extended Handshake Example

SRT may include a SRT extended handshake process (which may be
referred to herein as HSv5). The SRT extended handshake process may be
included in the second part of a SRT caller-listener handshake. The SRT extended
handshake may allow to determine at least the SRT latency value in the sending
direction (which may be referred to herein as any of sender SRT latency and
SndTsbPdDelay), and the SRT latency value in the receiving direction (which may
be referred to herein as any of receiver SRT latency, and RcvTsbPdDelay). Both
sender and receiver SRT latency information (e.g., fields) may refer to latency. As
the communication may be bi-directional there may be one latency value per
direction in the extended SRT handshake messages. For example, both extended
handshake request (HSREQ) and response (HSRSP) messages may include
sender and receiver SRT latency information (e.g., SndTsbPdDelay and
RcvTsbPdDelay).

For example, the sender SRT latency may correspond to the (e.g., lowest)
latency the SRT sender may expect the SRT receiver to use. For example, the
receiver SRT latency may correspond to the (e.g., lowest) latency value that the
receiver may apply to the received stream.

For example, the client device may send an extended handshake request
(HSREQ) message to the server. The extended HSREQ message may include
receiver SRT latency information indicating a (e.g., requested) receiver SRT

latency value. For example, the server may send an extended handshake
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response (HSRSP) message to the client device. The extended HSRSP message
may include sender SRT latency information indicating a (e.g., responded) sender
SRT latency value. According to embodiments the server and the client device may
set their respective SRT latency values in respectively the sending buffer and the
receiving buffers to a same value being the highest of the two values (e.g., the
requested receiver latency value and the responded sender latency value).
Figure 5 is a diagram illustrating an example of receiver and sender buffer
latencies after an extended SRT handshake procedure. The extended SRT
handshake may allow to determine sender and receiver SRT latency values in both
direction (sending and receiving directions). For example, the caller may send an
extended HSREQ message, comprising first information indicating (e.g., Rx, Tx)
SRT latency values on its side. The listener may calculate the highest values
between SRT latency values included in the received extended HSREQ and its
own values. The listener may send an extended HSRSP message comprising
second information indicating the SRT latency values to be used (e.g., on both
sides). In other words, the SRT (e.g., buffer) latency may be configured through
the exchange of latency information during the extended handshake process
between an initiator and a responder (which may be any of the server and the client
device). The handshake extension message may comprise time stamp-based
packet delivery (TSBPD) delay information, indicating SRT latency values in
milliseconds, from both the SRT receiver and sender. The SRT latency for a
connection may be established as (e.g., set to) the highest value of SRT latencies
transmitted by the initiator and responder. For example, the SRT latency value may

be set for the duration of the connection.
Example of Inter-Frame Delay Variation

According to embodiments, in a cloud gaming situation, video stuttering may
occur in the client device, resulting in unpleasant user experience for the user. For
example, software probes may be used to track the calls to the decoding functions
of the client device (e.g., such as DXVA2 API) for monitoring the delivery time of
the (e.g., the packets carrying the) video frames at the output of the protocol stack.
For example, the number of received encoded frames per second may be equal to

the number of frames produced per second on the server. For example, although
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the average number of frames per second (FPS) at reception may be identical to
the FPS at the server, some dispersion may be measured, for example on the inter-

frame delays.

According to embodiments, a measure (e.g., metric) of the frame pace
variation (e.g., such as e.q., the variation of the inter-frame delay) may be referred
to herein as Jitterioca. The Jitterioca may be obtained by dividing a jitter metric by a

mean period. For example, Jitteriocat may be given by:

Jitter(seconds)

itter =
JitteTocar meanPeriod(seconds)

The jitter metric may be defined as a sum of differences between successive
interval durations, wherein an interval duration may represent the duration between

a frame time and the previous frame time. For example, the jitter metric may be

given by:
Jitter(seconds) = ZN w
i= N - 1
i=2 ( v %i
meanPeriod(seconds) = -
i=1

For example, Ti may represent a duration of i" interval between a first time
associated with the it" frame and a second time associated the preceding (i-1)™
frame. For example, durations may be included in the jitter metric on a condition
that they are comprised between 1 and 32 milliseconds (e.g., for eliminating

outliers).

Figures 6A and 6B are two diagrams illustrating two examples of an inter-
frame delay variation metric (Jitterioca) measured on a client device. Figure 6A
illustrates the inter-frame delay variation metric (Jitterioca) obtained for a game
session of 13 minutes of a specific game (first person shooter game, e.q., Destiny
2) using a fibre network (e.g., 200Mbps). Figure 6B illustrates the inter-frame delay
variation metric (Jitteriocal) obtained for the same game for a zoom on a period 61

of 50 seconds.

Example of High Value of Inter-Frame Delay Variation
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For example, service providers may operate a cloud gaming solution with
an aggressive cloud gaming latency (e.g., around 120ms) which they may try to
keep as small as possible. During a gaming session, a small latency value may
allow to improve the reactivity to the input of the player. The (e.g., global) QoE
(e.g., taking into account the latency and the video smoothness) may be scaled
down due to video stuttering issues, which may make e.qg., the user suffering from
sickness.

As illustrated in Figure 6A and Figure 6B, the measured Jitterioca may show
a high level of inter-frame delay variation due to several phases above 0.4 with an
average value of 0.2. For example, Figure 6B shows a sequence of Jitteriocal above
0.5 (e.g., between frames #10500 and #10750) for four seconds. A Jitteriocal value
of 0.5 may represent a variation of + 50% of the inter frame average delay. For
example, for an average delay of 16.66ms (e.g., which may represent an inter-
frame delay for 60 frames per second), the jitter variation may belong to [8ms -
24ms]. For example, such a variation and e.g., a Jitteroca value above a given
threshold (e.g., 0.2 in this example) may be correlated to a presence of video
stuttering. The Jittenoca value may correspond to a frequency of video stuttering
occurrences, e.g., the higher the Jitteroca value, the higher the frequency of

stuttering occurrences in the video.

An inter-frame delay variation (e.g., Jitterioca) may increase for any of the
following reasons:

- A first reason may be related to a variation of the network conditions (e.qg.
variation of the RTT, occurrence of any of congestions and network errors
that may delay the availability of video frame(s) by the amount of time
associated with the error (e.g., loss) recovery.

- A second reason may be related to a variation of the server conditions that
may affect any of the capture rate, the encoding rate and the emission of
the (e.g., packets carrying the) video frames. Any of encoding parameters
(e.g., compression by zone of interest), type of images (e.g., | versus P
versus intra-refresh images), and quantity of movements in an image may
impact any of the encoding duration, the size of the encoded image and then

the transmission (e.q., transport) time. For example, the jitter that may be
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observed on frame time arrival may be correlated (e.g., correspond) to the
jitter of encoding.

- Other reasons may be related to resource availability in the server, such as
e.g., the current state of the running game (and the corresponding image
complexity), the presence of concurrent streaming flows on the server and

the available GPU power to render frames at a (e.g., steady) FPS.
Example of Sporadic and Long Duration Inter-Frame Delay Variation

For example, permanent extra buffering may be included at the client device
side to absorb jitter and get a smoother decoded frame rate so that the decoded

video frames may be available for display at their presentation time.

As illustrated in Figure 6A, the inter-frame delay variation may not be
constant over time and may vary significantly during a gaming session with, for
example, at different times, sporadic high values during a long period of time. In
such situations (e.g. Jitteriocal value between frames #8000 and #11000 illustrated
on Figure 6B) a significant extra buffering may allow to prevent stuttering and to
cover all the cases, which may significantly increase the latency of the game, which
may decrease the QoE. For example, adding significant extra buffering may impact
the overall game session due to the fact that this kind of parameter may be set

(e.q., at the beginning of the session) for the duration of the session.

Figure 7 is a system diagram illustrating an example of a cloud gaming
system based on SRT. According to embodiment, the cloud gaming system may
allow to improve the QoE of a game. A game may be executed on a server instance
71. Images of the (e.g., running) game may be captured and encoded by an
encoder 711, for example, at a given encoding frame rate. Encoded frames may
be encapsulated into a plurality of packets by an encapsulation processing module
712. The packets may be transmitted to a client device, for example based on the
SRT protocol. For example, prior to the transmission, packets may be stored in
sender SRT buffer 714 for being able to retransmit (e.g., unacknowledged) packets
via a repairing module 713. Packets may be time stamped (e.g., include a time
stamp) with time stamp information associated with a time at which the packet may

have been any of generated, transmitted and stored in the sender SRT buffer. The
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server instance 71 may include a latency manager module 715 that may be
configured to adjust the size of the sender SRT buffer 714, based on exchanging

SRT messages with the client device 72.

According to embodiments, the client device 72 may receive a plurality of
packets carrying video frames of the game, for example, via the SRT protocol. The
received packets may be stored in a receiver SRT buffer 724 and extracted based
on the SRT buffer latency and on the time stamp information included in the
packets for being decapsulated by a decapsulation module 722 and decoded by a
decoding module 727. The decoding module 727 may generate video frames
which may be stored (e.g., pushed) in a decoded frame queue 728. A presentation
module 729 may retrieve (e.g., pop) video frames for being displayed based on a

Vsync Signal.

According to embodiments, the client device 72 may include a stuttering
monitoring module 726 that may be configured to monitor (e.g., detect, predict) a
level of stuttering. The client device 72 may include a latency manager module 725
that may be configured to adjust the size of the receiver SRT buffer 724, based on

exchanging SRT messages with the server.

According to embodiments, the SRT protocol and its latency buffers may
allow to reduce the video stuttering by making the video frames available at the
output of the client device protocol stack 720 with the same pace as at the

production output 710 on the server side.

Embodiments described herein may allow to (e.g., dynamically) exchange
latency information between the client device and the server, for example, during
the game session (e.g., in addition to the beginning of the game session) to

dynamically adapt (e.g., adjust) the SRT buffer latency for improving the QoE.

For example, the client device may (e.g., regularly) monitor some metrics to

any of detect and predict occurrence(s) (e.g., and level(s)) of video stuttering.

According to embodiments, any of the client device and the server may

determine a new SRT latency value to be set to the SRT buffer, based on e.g., a
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frame pace variation (such as e.g., a monitored stuttering (e.g., levels, predicted

levels).

According to embodiments, the client device may exchange SRT control
messages to synchronize the server to the new SRT buffer latency that may be
determined (e.qg., selected) by the (e.g., latency manager module of the) client
device. The server may include a latency manager module to interact with the client

device.

According to embodiments, the synchronization of the presentation module
729 of the client device may be (e.g., dynamically) adjusted, based on a SRT
latency value change to take into account the new SRT buffer latency value to

reduce video frames skipping.
Example of Stuttering Detection

For example, the stuttering monitoring module may obtain (e.g., monitor)
time arrivals of frames at any of the output of the protocol stack (e.q., corresponding
to the times when the packets carrying a video frame may have been extracted
from the receiver SRT buffer 724), and at the output of the decoding module 723

(e.q., any of before and after decoding).

For example, the stuttering monitoring module may monitor time arrivals of
any of a first packet and a last packet of a set of packets carrying one frame. For
example, the packets may include signalling information indicating whether a

packet corresponds to a first packet or to a last packet of a video frame.

For example, a metric (e.g., representative of e.g., any of a video stuttering
level and a frame pace variation) may be obtained by applying a dispersion function
to any monitored time arrivals (e.g., any of frames, packets) at any point in the
client device. The dispersion function may be based on any of an inter-frame delay
variation (Jitteriocal) function applied on a (e.g., sliding) window, a mean, a median,
a standard deviation, a variance, a mean absolute deviation (MAD), an interquartile

range, and any other type of range function (e.g., beyond [25%-75%] range).
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For example, the stuttering monitoring module may obtain (e.g., monitor)
any of the number of delayed frames per second (e.q., frames that may have
missed the Vsync) and the number of dropped frames per second (e.g., in case of
overflow of the decoded frames queue 728). For example, the stuttering monitoring
module may obtain the ratio of a first number of frames versus a second number
of frames (for a same period of time), wherein the first number may correspond to
the frames displayed in time (e.g., according to their presentation time), and the
second number of frames may correspond to the total number of frames displayed

(e.g., including duplicated frames).

For example, in a case where the reception rate is lower than the capture
rate (e.g., due to errors in transmission), the stuttering monitoring module may
obtain (e.g., monitor) any of a number of frames received (e.g. decoded) per
second, a number of frame errors after decoding, and any statistics from the
protocol stack (such as e.g. packets errors, mis-ordered packets, packet drops at

any of the server and client side).

For example, any metric according to any example described herein may be
processed by the latency manager module 715, 725 that may be located on any of
the client device 72 and the server 71. The latency manager module 715, 725 may
be configured to obtain a metric representative of any of e.g., a level of video
stuttering and a frame pace variation based on (e.g., any dispersion function)

applied to any monitored metric described herein.

In a first example, the latency manager module 725 may be included in the
client device, and the client device may obtain the metric representative of e.q.,
any of a level of video stuttering and a frame pace variation. In a second example,
the latency manager module 755 may be included in the server, and the client
device may transmit any monitored metric as described herein to the server. In any
of the first and the second example, a new SRT latency value may be determined
(e.q., requested) based on the metric according to any embodiment described

herein.

The metric representative of a level of video stuttering, obtained by the

latency manager module 715, 725 may be referred to herein as Y=
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StutteringValue(ti, window), where ti may represent the time of reception (resp.
decoding) of the it" frame, and window may represent a time interval (e.g., [t-
window, t]) on which the metric may be processed (combined, computed). The

metric Y may be obtained, for example, for a (e.g., each) new incoming frame Fi.

According to embodiments, the latency manager module 715, 725 may
obtain a (e.g., predicted) value of the metric Y (which may be referred to herein as
Yoredict) based on a history of past values. For example, a new SRT latency value
(which may be referred to herein a SRTBufferLatencytarget) may be obtained based
on e.g., a history of any of Y (e.g., Ypredict) and frame pace variations for e.g.,
different preceding periods of times. The new SRT buffer latency value may be set
in the SRT client and may correspond to the (e.g., lowest) latency value large
enough to reduce the (e.g., predicted) stuttering value. For example, the new SRT
latency value may be increased (e.g., compared to the initial SRT latency value),
while remaining bounded to a limit for not increasing the latency beyond a value.
For example, the new SRT latency value may be obtained based on a hysteresis.
For example, the latency may be incremented (e.g., by a first value) in a case
where the level of stuttering is above a first level (e.g., maximum threshold) and
may be decreased (e.q., by a second value) in a case where the level of stuttering
is below a second level (e.qg., threshold). More generally, the new (e.g., requested)
latency value may be determined based on a frame pace variation (e.g., by the
latency manager module 715, 725 that may be located on any of the client device
and the server). For example, in a case where the (e.g., observed, measured,
predicted) frame pace variation increases, the new (e.g., requested) latency value
may be determined to increase (compared to the initial latency value), and in a
case where the (e.g., observed, measured, predicted) frame pace variation
decreases, the new (e.g., requested) latency value may be determined to decrease

(compared to the initial latency value).

The SRT latency may be adjusted (e.g., updated) in the sender and the
client device by exchanging SRT messages as disclosed in embodiments
described herein. For example, the SRT buffering latency update may be at the
initiative of (e.q., triggered by) any of the client device or the server (e.g., depending

on the location of the latency manager module).
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For example, and without limitation, a new SRT latency value may be
obtained based on an inter-frame delay variation (Jitteriocal) function applied to inter

arrival times T, as described by the following formula:

ypredict = Jitterpeq (T, Window)

if Yoreaice = 0.4 SRTBufferLatencyigrger = SRTBuf ferLatency + min(Ypredict, 2.0) * captureperiod
if Ypreaice < 0.1 SRTBufferLatency,grger = SRTBuf ferLatency — 0.1 * captureperiod

Example of SRT Session Latency Setup

For example, the latency (e.g., through the setting of SRT buffer latency
value) may be configured during the extended handshake phase and may remain

the same value for the game session.

According to embodiments, the SRT protocol may include any of a live
transmission mode and a cloud gaming transmission mode. The cloud gaming
transmission mode may be associated with a capability to dynamically update (e.g.,
adjust) the SRT latency value, e.g., after the creation of (e.g., and at any time of)

the SRT session.

Figure 8A is a diagram illustrating two examples of extended handshake
packet formats. In a first example, a HSv4 extended handshake packet 81 may
include capability information 810 indicating a capability to support dynamic SRT
latency update or not. In a second example, a HSv5 extended handshake packet
82 may include capability information 820 indicating a capability to support dynamic

SRT latency update or not.

For example, the capability to support dynamic SRT latency update may be
indicated by the seventh bit of the SRT Flags 810, 820 field, which may be referred
to herein as SRT_OPT_DYNTSBPD (e.g., dynamic timestamp buffer packet
delivery). A SRT message with the SRT_OPT_DYNTSBPD flag set to one may
indicate a capability of the sender of the SRT message to support dynamic SRT
latency update. Indicating the capability to support dynamic SRT latency update
via any other bit of the SRT Flags 810, 820 field may be applicable to embodiments

described herein.
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Figure 8B is a diagram illustrating an example of handshake extension
message flags. For example, a bitmask for the SRT_OPT_DYNTSBPD may be
0x00000100.

Embodiments described herein are not limited to indicate a capability to
support dynamic SRT latency update via a single bit flag. For example, any value
of a field of a SRT extended handshake packet indicating a capability to support

dynamic SRT latency update may be applicable to embodiments described herein.

According to embodiments, any entity (e.g., any of a SRT listener and a SRT
caller) may indicate whether dynamic SRT latency update may be activated for a
game session. The other entity may any of accept and refuse to activate the
dynamic SRT latency update.

Figure 9A is a diagram illustrating an example of an extended handshake
message exchange for indicating a capability to support latency dynamic change.

For example, the message exchange may be initiated by the server.

In a first example 90A, the client device may receive an SRT extended
handshake request message 901A comprising information indicating a server
capability to support dynamic SRT latency update. For example, the client device
may accept to perform dynamic SRT latency update during the game session by
transmitting an SRT extended handshake response message 902A comprising

information indicating a client capability to support dynamic SRT latency update.

In a second example 91A, the client device may receive a first SRT
extended handshake request message 911A comprising information indicating no
dynamic SRT latency update support from the server. For example, the client
device may transmit a first SRT extended handshake response message 912A
comprising information indicating a client capability to support dynamic SRT
latency update for requesting the server to perform dynamic SRT latency update.
For example, the client device may receive a second SRT extended handshake
request message 913A comprising information confirming no dynamic SRT latency
update support from the server. For example, the client device may transmit a

second SRT extended handshake response message 914A comprising
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information confirming no dynamic SRT latency update may be performed in the

game session.

In a third example 92A, the client device may receive a first SRT extended
handshake request message 921A comprising information indicating no dynamic
SRT latency update support from the server. For example, the client device may
transmit a first SRT extended handshake response message 922A comprising
information indicating a client capability to support dynamic SRT latency update for
requesting the server to perform dynamic SRT latency update. For example, the
client device may receive a second SRT extended handshake request message
923A comprising information indicating a server capability to support dynamic SRT
latency update, indicating an agreement from the server to perform dynamic SRT
latency update during the game session. For example, the client device may
transmit a second SRT extended handshake response message 924A comprising
information confirming a dynamic SRT latency update may be performed in the

game session.

Figure 9B is a diagram illustrating another example of an extended
handshake message exchange for indicating a capability to support latency
dynamic change. For example, the message exchange may be initiated by the

client device.

In a first example 90B, the client device may send an SRT extended
handshake request message 901B comprising information indicating a client
device capability to support dynamic SRT latency update, for requesting the server
to be able to dynamically update the SRT latency during the game session. The
client device may receive an SRT extended handshake response message 902B
comprising information indicating a server capability to support dynamic SRT
latency update, which may indicate agreement of the server to perform dynamic

SRT latency update during the game session.

In a second example 91B, the client device may send a first SRT extended
handshake request message 911B comprising information indicating no dynamic
SRT latency update support from the client device. For example, the client device

may receive a first SRT extended handshake response message 912B comprising
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information indicating a server capability to support dynamic SRT latency update
for requesting the client device to perform dynamic SRT latency update. For
example, the client device may send a second SRT extended handshake request
message 913B comprising information confirming no dynamic SRT latency update
support from the client device, for rejecting the server request. For example, the
client device may receive a second SRT extended handshake response message
914B comprising information confirming no dynamic SRT latency update may be

performed in the game session.

In a third example 92B, the client device may send a first SRT extended
handshake request message 921B comprising information indicating no dynamic
SRT latency update support. For example, the client device may receive a first SRT
extended handshake response message 922B comprising information indicating a
server capability to support dynamic SRT latency update for requesting the client
device to perform dynamic SRT latency update. For example, the client device may
send a second SRT extended handshake request message 923B comprising
information indicating a client capability to support dynamic SRT latency update,
for indicating an agreement to perform dynamic SRT latency update during the
game session. For example, the client device may receive a second SRT extended
handshake response message 924B comprising information confirming a dynamic

SRT latency update may be performed in the game session.
Example of SRT Session Latency Change

For example, after dynamic latency update may be operational on a (e.qg.,
given) SRT session (e.g., based on the SRT extended handshake capability
exchange), the receiver may activate the latency change procedure (e.g., a
dynamic SRT latency update), for example, based on a detection of video
stuttering. Throughout embodiments described herein, the expressions “dynamic
SRT latency update” and “latency change procedure” may be used
interchangeably to refer to an exchange of SRT messages for the purpose of

updating the SRT latency values in the server and the client device.



10

15

20

25

30

WO 2022/200215 PCT/EP2022/057178

28

For example, a new SRT latency value may be obtained according to any
embodiments described herein. As further described herein, the latency change

procedure may be initiated by any of the client device and the server.

According to embodiments, the initiator (e.g., any of the server and the client
device) may send a SRT request message, which may be referred to herein as a
dynamic timestamp buffer packet delivery (DYNTSBPD) request message,
indicating the new SRT latency value.

Figure 10 is a diagram illustrating an example of a format of a SRT message
for requesting a new SRT latency value. For example, a SRT dynamic timestamp
buffer packet delivery (DYNTSBPD) request message 1010 may include first
information indicating a new SRT latency value being requested by the initiator
(e.g., any of the server and the client device) of the SRT latency change procedure.
For example, a SRT DYNTSBPD response message 1020 may include second
information indicating a responded SRT latency value in response to the new SRT
latency value being requested by the initiator (e.g., any of the server and the client
device). The SRT DYNTSBPD response message 1020 may be sent by the other
party (e.g., any of the server and the client device) in response to the SRT
DYNTSBPD request message 1010 sent by the initiator.

Figures 11A and 11B are two diagrams illustrating two examples of a
message exchange for a dynamic latency change procedure respectively initiated

by the client device and by the server.

Referring to Figures 10 and 11A, in a step 1110A, the client device may
receive packets carrying video frames of the game and may acknowledge them
according to the SRT protocol. The client device may obtain any of metrics and a

new SRT latency value according to any embodiments described herein.

For example, in a step 1120A, a SRT DYNTSBPD request message 1010,
1121A may be sent by the client device to the game server. The new (e.g.,
requested) SRT latency value may be indicated in first information (e.g., a TsbPd
Rev field) 1011 that may be included in the SRT DYNTSBPD request message
1010, 1121A. For example, the SRT DYNTSBPD request message 1010, 1121A
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may include a TsbPd Snd field 1012 indicating a sender latency value that may
indicate the initial SRT latency. The initial SRT latency may indicate the (e.g.,
current SRT latency value), e.g., before the SRT latency update. The initial SRT

latency may be the value as agreed during the (e.g., initial) SRT handshake.

For example, in a step 1130A, the server may accept to update the SRT
latency value to the new (e.g., requested) value. For indicating acceptance, the
server may transmit a SRT DYNTSBPD response message 1020, 1131A to the
client device indicating the new SRT latency value. The SRT DYNTSBPD response
message 1020, 1131A may include second information (e.g., a TsbPd Snd field)
1022 that may be set to the new (e.qg., requested) SRT latency value. For example,
the SRT DYNTSBPD response message 1020, 1131A may include a TsbPd Snd
field 1021 that may be set to the new SRT (e.g., requested) latency value. In a step
1132A, the client device, after reception of the SRT DYNTSBPD response
message 1020, 1131A indicating acceptance of the new SRT latency value, may

update the SRT receiver latency value to the new SRT latency value.

For example, in a step 1140A, the server may decline (e.g., reject) the
change. For indicating rejection, the server may transmit a SRT DYNTSBPD
response message 1020, 1141A to the client device indicating the current (e.q.,
initial) SRT value. The SRT DYNTSBPD response message 1020, 1141A may
include second information (e.g., a TsbPd Snd field) 1022 that may be set to the
current (e.g., initial) SRT latency value. In a step 1142A, the client device, after
reception of the SRT DYNTSBPD response message 1020, 1141A including the
second information indicating rejection of the new SRT latency value, may keep

the SRT receiver latency value to the current (e.g., initial) SRT latency value.

For example, in a step 1150A, the server may accept to update the SRT
latency value, but with an alternative value (e.qg., different from to the new value).
For example, the alternative value may be any SRT latency value strictly comprised
between the current (e.g., initial) SRT latency value and the new (e.g., requested)

SRT latency value.

For indicating a partial acceptance (e.g., and an alternative proposal), the
server may transmit a SRT DYNTSBPD response message 1020, 1151A to the
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client device indicating the alternative SRT value. The SRT DYNTSBPD response
message 1020, 1151A may include second information (e.g., a TsbPd Snd field)
1022 that may be set to the alternative SRT latency value. In a step 1152A, the
client device, after reception of the SRT DYNTSBPD response message 1020,
1151A including the second information indicating an alternative SRT latency
value, may update the SRT receiver latency value to the alternative SRT latency

value.

Referring to Figures 10 and 11B, in a step 1110B, the client device may
receive packets carrying video frames of the game and may acknowledge them
according to the SRT protocol. The client device may obtain any of metrics and a

new SRT latency value according to any embodiments described herein.

For example, in a step 1111B, the client device may send a message
including information e.g., representative of a video frame pace variation. For
example, the information may describe (e.g., indicate) any value of any metric
obtained based on a monitoring of any arrival time in the client device according to

any embodiments described herein.

For example, in a step 1120B, a SRT DYNTSBPD request message 1010,
1121B may be sent by the server to the client. The new (e.g., requested) SRT
latency value may be indicated in first information (e.g., a TsbPd Snd field) 1012
that may be included in the SRT DYNTSBPD request message 1010, 1121B. For
example, the SRT DYNTSBPD request message 1010, 1121B may include a
TsbPd Rcv field 1011 indicating a receiver latency value that may indicate the

current (e.g., initial) SRT latency.

For example, in a step 1130B, the client device may accept to update the
SRT latency value to the new value. For example, the client device may update the
SRT receiver buffer latency according to the new value. For indicating acceptance,
the client device may transmit a SRT DYNTSBPD response message 1020, 1131B
to the server indicating the new SRT latency value. The SRT DYNTSBPD response
message 1020, 1131B may include second information (e.g., a TsbPd Rcyv field)
1021 that may be set to the new (e.g., requested) SRT latency value. For example,
the SRT DYNTSBPD response message 1020, 1131B may include a TsbPd Snd
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field 1022 that may be set to the new SRT (e.qg., requested) latency value. In a step
1132B, the server, after reception of the SRT DYNTSBPD response message
1020, 1131B indicating acceptance of the new SRT latency value, may update the

SRT sender latency value (SndTsbPdDelay) to the new SRT latency value.

For example, in a step 1140B, the client device may decline (e.qg., reject) the
change and may keep the SRT receiver latency value to the current (e.g., initial)
SRT latency value. For indicating rejection, the client may transmit a SRT
DYNTSBPD response message 1020, 1141B to the server indicating the current
(e.g., initial) SRT value. The SRT DYNTSBPD response message 1020, 1141B
may include second information (e.g., a TsbPd Rcyv field) 1021 that may be set to
the current (e.g., initial) SRT latency value. In a step 1142B, the server, after
reception of the SRT DYNTSBPD response message 1020, 1131B indicating
rejection of the new SRT latency value, may keep the SRT sender latency value to

the current (e.g., initial) SRT latency value.

For example, in a step 1150A, the client device may accept to update the
SRT latency value, but with an alternative value (e.g., different from to the new
value). For example, the new value (e.g., requested by the server) may not be
compatible with the client device buffering capabilities (the buffer may be too
small). In another example, the client device may determine that the new SRT
latency value requested by the server may be too small for allowing the
retransmission techniques to (e.q., efficiently) recover missing packets (e.g., in a
case where the new latency is lower than three- times the current RTT value). For
example, the alternative value may be any SRT latency value strictly comprised
between the current (e.g., initial) SRT latency value and the new (e.g., requested)
SRT latency value. For indicating a partial acceptance (e.g., and an alternative
proposal), the client device may transmit a SRT DYNTSBPD response message
1020, 1151B to the server indicating the alternative SRT value. The SRT
DYNTSBPD response message 1020, 1151B may include second information
(e.g., a TsbPd Rcv field) 1021 that may be set to the alternative SRT latency value.
In a step 1152B, the server, after reception of the SRT DYNTSBPD response
message 1020, 1151B indicating an alternative SRT latency value, may update the

SRT sender latency value to the alternative SRT latency value.
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Embodiments described herein are not limited to the SRT message
format(s) (e.g., fields) described herein, any other SRT message format, and more
generally any message according to any other protocol for updating the buffer size
between the server and the client device may be applicable to embodiments

described herein.

Example of Presentation Module Processing on Protocol Latency
Update

Examples of processing of the (e.g., presentation processing module of the)

client device are described herein, e.g., with reference to Figure 7.

In a first example, the processing of the (e.g., presentation processing
module 729 of the) client device may be agnostic (e.g., unchanged) in a case of
any SRT latency (e.g., dynamic) update. For example, the presentation processing
module 729 may obtain (e.g., listen to) decoded frames in the decoded frame
queue 728. At a (e.g., each) period of the Vsync signal, one available frame may be
popped (e.g., extracted) from the queue 728 and displayed on screen. In a case
where no frame is available in the queue at a Vsync signal period, the previously
presented (e.g., displayed) frame may be presented (e.g., displayed) again. In a
case where the decoded frame queue 728 overflows, any number of frames may
be dropped according to any criterion. The criterion may be, for example,

independent from the presentation times of the frames.

In a second example, the (presentation processing module 729 of the) client
device may process a presentation time associated with a (e.g., each) frame. For
example, in a case where the SRT latency value is updated with a new value, the
presentation processing module 729 may be informed (e.g., indicated) of this
change (e.g., according to any mechanism internal to the client device). For
example, the SRT latency update may be represented (e.g., indicated) in a form of
an additional signed delay (e.g., positive in a case of a latency increase and
negative otherwise). The additional signed delay, e.g., corresponding to the
difference between the previous and current protocol latency, may represent the
additional signed time a frame may have been buffered in the protocol stack, before

being delivered to the application (e.g., for decoding).
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For example, the presentation processing module 729 may obtain (e.g.,
hold) a clock reference time (To), that may correspond to the time a first frame (Fo)
may be presented (e.g., displayed) on screen at a Vsync period. For the sake of
simplicity and without loss of generality, frames may be delivered sequentially at
the capture rate. For example, the frames may be presented (e.g., displayed)
based on a computed presentation time Ti that may be obtained (e.g., derived)
from the sequence index of the frame (e.g., the i" frame Fi may be presented at
Ti= To + i x capture_period). In a case where the SRT latency is updated, the
additional signed delay may be used to shift the clock reference time, positively or

negatively, e.g., To = To + delay.

For example, in a case where the SRT latency increases, the last displayed
frame may be displayed again (e.g., no frame may be popped from the decoded
frame queue 728 for display) for a number of times corresponding to the latency
increase, before restoring the operation of popping frames from the decoded frame
queue 728 for the presentation. The last display frame (which may be duplicated)
at the SRT latency increase may correspond to the last frame that may have been
displayed before the SRT latency may have been updated. For example, in a case
where a SRT latency increase of 33 milliseconds (e.g., corresponding to two
periods of a 60Hz screen) occurs at presentation time Tj, (e.g., after a frame Fi may
have been displayed), the presentation module may display this same frame for
the two next (e.g., capture) periods, before the presentation module may pop any
frame from the queue. For example, one frame may be frozen for three periods,
while all following frames may be displayed at regular intervals without any
stuttering. Duplicating frames at a (e.g., single) point in time corresponding to a
latency buffer increase may allow to concentrate any stuttering issue at the latency

change time, contributing to the overall QoE improvement.

For example, adjusting the clock reference time based on an additional
signed delay may also allow to determine which (e.q., late) frames may be dropped
(e.q., not displayed). For example, in a case where a frame Fi is decoded too late
to be presented on time, and in a case where the next frame Fi+1 is available in the
decoded frame queue 728 , the presentation processing module may determine

which frame may be presented (e.g., displayed) at the next period of the Vsync
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signal (e.g., at time Tsync_period) based on the clock reference time. For example, the
clock reference time may be used to determine the presentation times T; and Ti+
of respectively the i and the (i+1)" frame, based on To. For example, the frame to
be displayed at the next period of the Vsync signal may be the frame (among Fi and
Fi+1) whose presentation time may be closest to Tsync_period (€.9. minimum between
| Tsync_period — Ti|, | Tsync_period — Ti+1]), @and the other frame (among Fi and Fi+1) may be

dropped.
Example of Server Processing on Protocol Latency Update

According to embodiments, the SRT buffer latency may be used at the
server side to keep the sent packets (e.g., for an amount of time corresponding to
the SRT buffer latency), waiting for their acknowledgement by the receiver (e.qg.,
for possible retransmissions). According to embodiments, the server may adapt
the SRT sender buffer to the buffer latency value changes that may occur during

the SRT session.

In a first example, the SRT buffer latency (e.g., RcvTsbPdDelay ) may be
reduced by the client device (e.g., receiver). The server (e.g., sender) may
determine to send some retransmission packets, (e.g., that may be out of date for
the updated shorter client deadline (e.g., lower SRT buffer latency). To anticipate
high jitter disparities (e.g., and a future increase of SRT buffer latency, e.g., due to
frequent buffer latency changes), the server may keep for an extra duration the
packets that may have just become out-of-date to be able to retransmit them in

case the buffer increases in a near future.

In a second example, in a case where SRT buffer latency is increased by
the receiver to buffer more packets, the extra time may be used by the sender to

send more retransmission packets.

Figure 12A is a diagram illustrating an example of a client (e.g., processing)
device 12A for improving a QoE of video content such as e.g., a game. For
example, the processing device 12A may comprise a cloud gaming (e.g., thin)
client that may interact with a content (e.g., game) server. For example, the

processing device 12A may comprise an input interface 1260 configured to receive
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(e.q., user input) commands from any number of input devices (such as e.g., any
of a joystick, a mouse, a keyboard, remote control...). The commands may be
destinated to the content (e.g., game) server. For example, the processing device
12A may comprise a network interface 1200 for connection to a network. The
network interface 1200 may be configured to receive a plurality of packets from the
server. The packets may contain (e.g., carry) video frames of the video content
(e.g., game) to be decoded and displayed by the client (e.g., processing) device
12A (e.g., a packet may contain a part of a video frame and a video frame may be
carried via a set of packets). For example, the network interface 1200 may be
configured to send packets to a server. A packet may include, for example, an (e.q.,
user) input command. For example, the network interface 1200 may be configured
to exchange any kind of control messages (e.g., SRT messages) with the server.
According to embodiments, the network interface 1200 may be any of:

- awireless local area network interface such as Bluetooth, Wi-Fi in any
flavour, or any kind of wireless interface of the IEEE 802 family of
network interfaces;

- a wired LAN interface such as Ethernet, IEEE 802.3 or any wired
interface of the IEEE 802 family of network interfaces;

- a wired bus interface such as USB, FireWire, or any kind of wired bus
technology.

- a broadband cellular wireless network interface such a 2G/3G/4G/5G
cellular wireless network interface compliant to the 3GPP specification
in any of its releases;

- awide area network interface such a xDSL, FFTx or a WiMAX interface.

More generally, any network interface allowing to send (e.g., any of user

input command and control) packets and receive a plurality of packets carrying

video frames may be applicable to embodiments described herein.

According to embodiments, the network interface 1200 may be coupled to
a processing module 1220, that may be configured to apply an initial latency value
to the received packets before decoding and displaying. For example, the
processing module 1220 may be configured to obtain a value of a metric
representative of any of a video stuttering level and a variation of a pace at which

video frames may arrive. For example, the processing module 1220 may be
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configured to exchange messages with the server via the network interface 1200
for obtaining a new latency value based on the value of the metric. In a first example
of message exchange, the processing module 1220 may be configured to send a
request message to the server, the request message comprising first information
indicating a requested latency value determined based on the frame pace variation
and the processing module 1220 may be configured to receive a response
message from the server, the response message comprising second information
indicating the new latency value. In a second example of message exchange, the
processing module 1220 may be configured to send information to the server, the
information indicating a metric representative of a frame pace variation, the
processing module 1220 may be configured to receive a request message from
the server, the request message comprising first information indicating a requested
latency value and the processing module 1220 may be configured to send a
response message to the server, the response message comprising second
information indicating the new latency value based on the requested latency value.
For example, the processing module 1220 may be configured to apply the new
SRT latency value to received subsequent packets before decoding and displaying
the subsequent packets. For example, the processing module 1220 may be
configured to decode the video frames and send the video frames for display on a
video output 1240 such as e.qg., a display means. According to embodiments, the
display means, internal or external, may be any of a personal computer screen, a
TV screen, a tablet screen, a smartphone screen. More generally any display
means allowing to display a video of video content such as e.g., a game may be

applicable to embodiments described herein.

Figure 12C is a diagram illustrating an example of a server (e.g.,
processing) device 12C for improving a QoE of video content such as e.g., a game.
For example, the processing device 12C may interact with a client device. For
example, the processing device 12C may comprise a network interface 1210 for
connection to a network. The network interface 1210 may be configured to send a
plurality of packets to a client device. The packets may contain (e.g., carry) video
frames of the video content (e.g., game) to be decoded and displayed by the client
device. For example, a packet may contain a part of a video frame and a video

frame may be carried via a set of packets. For example, the network interface 1210
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may be configured to receive packets from the client device. A packet may include,
for example, an (e.g., user) input command. For example, the network interface
1210 may be configured to exchange any kind of control messages (e.g., SRT
messages) with the client device. According to embodiments, the network interface
1210 may be any of:

- awireless local area network interface such as Bluetooth, Wi-Fi in any
flavour, or any kind of wireless interface of the IEEE 802 family of
network interfaces;

- a wired LAN interface such as Ethernet, IEEE 802.3 or any wired
interface of the IEEE 802 family of network interfaces;

- a wired bus interface such as USB, FireWire, or any kind of wired bus
technology.

- a broadband cellular wireless network interface such a 2G/3G/4G/5G
cellular wireless network interface compliant to the 3GPP specification
in any of its releases;

- awide area network interface such a xDSL, FFTx or a WiMAX interface.

More generally, any network interface allowing to receive (e.q., any of user

input command and control) packets and send a plurality of packets carrying video

frames may be applicable to embodiments described herein.

According to embodiments, the network interface 1210 may be coupled to
a processing module 1230, that may be configured to send a plurality of packets
carrying video frames of video content to a client device. For example, the
processing module 1230 may be configured to keep the packets in a buffer for
retransmission during a first amount of time associated with an initial latency value.
For example, the processing module 1230 may be configured to exchange
messages with the server via the network interface 1210 for obtaining a new
latency value. In a first example of message exchange, the processing module
1230 may be configured to receive a request message from the client device, the
request message comprising first information indicating a requested latency value
and the processing module 1230 may be configured to send a response message
to the client device, the response message comprising second information
indicating the new latency value (e.g., that may be set to the requested latency

value). In a second example of message exchange, the processing module 1230
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may be configured to receive information indicating a metric representative of a
frame pace variation, the processing module 1230 may be configured to send a
request message to the client device, the request message comprising first
information indicating a requested latency value determined based on the indicated
metric and the processing module 1230 may be configured to receive a response
message from the client device, the response message comprising second

information indicating a new latency value.

For example, the processing module 1230 may be configured to execute a
game instance. For example, the processing module 1230 may comprise a GPU
(not represented) that may be configured to render (e.g., subsequent) video frames
of the game. For example, the processing module 1230 may be configured to
encode the rendered (e.g., subsequent) video frames and to encapsulate the
encoded (e.g., subsequent) video frames in a plurality of (e.g., subsequent)
packets to be sent to the client device. For example, the processing module 1230
may be configured to send the plurality of subsequent packets carrying subsequent
video frames of the video content to the client device. For example, the processing
module 1230 may be configured to keep the subsequent packets in the buffer for
retransmission during a second amount of time associated with the new latency

value.

Figure 12B represents an example of an architecture of any of the client
and the server (e.g., processing) device 12A, 12C described herein. The
processing device 12A, 12C may comprise one or more processor(s) 1210, which
may be, for example, any of a CPU, a GPU a DSP (English acronym of Digital
Signal Processor), along with internal memory 1250 (e.g., any of RAM, ROM,
EPROM). The processing device 12A, 12C may comprise any number of
Input/Output interface(s) 1230 adapted to send output information and/or to allow
a user to enter commands and/or data (e.g. any of a keyboard, a mouse, a
touchpad, a webcam, a display), and/or to send / receive data over a network
interface; and a power source 1270 which may be external to the processing device
12A, 12C.

According to embodiments, the processing device 12A, 12C may further

comprise a computer program stored in the memory 1250. The computer program
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may comprise instructions which, when executed by the processing device 12A,
12C, in particular by the processor(s) 1210, make the processing device 12A, 12C
carrying out the processing method described with reference to any of figures 13,
14, 15, 16 and 17. According to a variant, the computer program may be stored
externally to the processing device 12A, 12C on a non-transitory digital data
support, €.g. on an external storage medium such as any of a SD Card, HDD, CD-
ROM, DVD, a read-only and/or DVD drive, a DVD Read/Write drive, all known in
the art. The processing device 12A, 12C may comprise an interface to read the
computer program. Further, the processing device 12A, 12C may access any
number of Universal Serial Bus (USB)-type storage devices (e.g., “memory sticks.”)
through corresponding USB ports (not shown).

According to embodiments, the processing device 12A may be any of a
game device, a set top box device, a TV set, a digital media player (e.g., renderer)
device, an Internet gateway, a mobile device, a communication device, a tablet (or
tablet computer), a smartphone, a laptop computer, a desktop computer. According
to embodiments, the processing device 12C may be any of a desktop computer, a

server, and an instance of a server.

Figure 13 is a diagram illustrating an example of a method for improving a
QoE of a game. For example, the method may be implemented in a (e.g., cloud
gaming) client device. According to embodiments, in a step 1310, a plurality of
packets carrying video frames of a game may be received by the (e.g., cloud
gaming) client device from a server. According to embodiments, in a step 1320, an
initial SRT latency value may be applied to the received packets before decoding
and displaying. According to embodiments, in a step 1330, a value of a metric
representative of a video stuttering level may be obtained based on a video frame
pace variation. According to embodiments, in a step 1340, SRT messages may be
exchanged between the (e.g., cloud gaming) client device and the server for
obtaining a new SRT latency value based on the value of the metric. According to
embodiments, in a step 1350, the QoE of the game may be improved by applying
the new SRT latency value to received subsequent packets before decoding and
displaying.

For example, the received packets and the received subsequent packets

may be stored in a SRT receiver buffer, and an SRT latency value may be applied
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to packets by extracting the packets from the SRT receiver buffer based on the
SRT latency value and on time stamp information included in the packets. For
example, the time stamp information may indicate respective times associated with
a storage of the packets in a SRT sender buffer of the server. For example, the
SRT latency value may be any of the initial SRT latency value and the new SRT
latency value.

For example, a timestamp included in a packet may indicate a first time at
which the packet may have been stored in the SRT sender buffer. For example,
the packet may be extracted at a second time corresponding to an amount of time
after the first time, the amount of time may be constant for successive packets and
may be associated with the SRT latency value.

For example, the video frame pace variation may be a variation of a pace at
which the video frames may be any of received, extracted from the SRT receiver
buffer and decoded.

For example, the new SRT latency value may be obtained based on a
history of values of the metric obtained for different preceding periods of times.

For example, the metric value may be obtained based on a dispersion
function of any of frame arrival times, packet arrival times, frame decoding times,
and frame display times.

For example, the dispersion function may be any of a mean, a median, a
standard deviation, a variance, a mean absolute deviation, and an interquartile.

For example, the value of the metric may be further based on any of a first
number of delayed frames and a second number of dropped frames.

For example, a SRT request message may be sent by the (e.g., cloud
gaming) client device to the server. The SRT request message may comprise first
information indicating a requested SRT latency value. The requested SRT latency
value may correspond to the new SRT latency value, that may have been
determined by the (e.g., cloud gaming) client device.

For example, a SRT response message may be received by the (e.g., cloud
gaming) client device from the server. The SRT response message may comprise
second information indicating a sender SRT latency value in response to the
requested latency value. For example, the new SRT latency value to be applied to

the received subsequent packets may be set to the sender SRT latency value on
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a condition that the sender SRT latency value is equal to the requested SRT
latency value or strictly comprised between the requested SRT latency value and
the initial SRT latency value.

For example, the value of the metric may be sent by the (e.qg., cloud gaming)
client device to the server.

For example, a SRT request message may be received by the (e.g., cloud
gaming) client device from the server. The SRT request message may comprise
first information indicating the new SRT latency value.

For example, a SRT response message may be sent by the (e.g., cloud
gaming) client device to the server. The SRT response message may comprise
second information indicating the new SRT latency value for acknowledging the
new SRT latency value.

For example, before the packets carrying the video frames may be received,
a SRT extended handshake request message may be sent by the (e.g., cloud
gaming) client device to the server. The SRT extended handshake request
message may indicate a client capability to support dynamic latency operation.

For example, a SRT extended handshake response message may be
received by the (e.g., cloud gaming) client device from the server in response to
the SRT extended handshake request message. The (e.g., cloud gaming) client
device may perform dynamic latency operation on a condition that the SRT
extended handshake response message indicates a server capability to support
dynamic latency operation.

For example, before the packets carrying the video frames may be received,
a SRT extended handshake request message may be received by the (e.g., cloud
gaming) client device from the server. On a condition that the SRT extended
handshake request message indicates a server capability to support dynamic
latency operation, a SRT extended handshake response message may be sent by
the (e.g., cloud gaming) client device to the server indicating a client capability to
support dynamic latency operation.

For example, before the packets carrying the video frames may be received,
a SRT extended handshake request message may be received by the (e.g., cloud
gaming) client device from the server, and on a condition that the SRT extended

handshake request message does not include any indication of a server capability
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to support dynamic latency operation, a SRT extended handshake response
message may be sent by the (e.g., cloud gaming) client device to the server
indicating a client capability to support dynamic latency operation.

For example, another SRT extended handshake request message may be
received by the (e.g., cloud gaming) client device, the dynamic latency operation
may be performed on a condition that the other SRT extended handshake request
message indicates a server capability to support dynamic latency operation.

Figure 14 is a diagram illustrating a first example of a method implemented
in a client device e.g., for improving a QoE of video content. For example, in a step
1410, the client device may receive a plurality of packets carrying video frames of
video content from a server. For example, in a step 1420, the client device may
apply an initial latency value to the received packets before decoding and
displaying. For example, in a step 1430, the client device may send a request
message to the server, the request message may comprise first information
indicating a requested latency value that may be determined based on a frame
pace variation. For example, in a step 1440, the client device may receive a
response message from the server, the response message may comprise second
information indicating a new latency value. For example, in a step 1450, the client
device may apply the new latency value to received subsequent packets before
decoding and displaying.

For example, the initial latency value and the new latency value may be
applied to respectively the packets and the subsequent packets by extracting
respectively the packets and the subsequent packets from a receiver buffer based
on (i) respectively the initial latency value and the new latency value and (ii) time
stamp information included in the packets and the subsequent packets. The time
stamp information may indicate, for example, respective times associated with a
storage of the packets and the subsequent packets in e.g., a sender buffer of the
server.

For example, the time stamp information included in a packet of any of the
packets and the subsequent packets may indicate a first time at which the packet
may have been stored in e.qg., the sender buffer. For example, the packet may be

extracted at a second time corresponding to an amount of time after the first time,
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the amount of time being constant for successive packets and being associated
with any of the initial latency value and the new latency value.

For example, the frame pace variation may be a variation of a pace at which
the video frames may be any of received, extracted from the receiver buffer and
decoded.

For example, the new latency value may be obtained based on a history of
frame pace variations for different preceding periods of times.

For example, the new latency value may be further based on any of a
number of delayed frames and a number of dropped frames.

For example, the new latency value may be applied to the subsequent
packets on a condition that the new latency value is equal to the requested latency
value or strictly comprised between the requested latency value and the initial
latency value.

For example, before the packets carrying the video frames may be received,
the client device may send a handshake request message to the server. For
example, the handshake request message may comprise third information
indicating a client capability to support dynamic latency operation.

For example, the client device may receive a handshake response message
from the server e.q., in response to the handshake request message. For example,
the client device may perform dynamic latency operation by sending the request
message on a condition that the handshake response message comprises fourth
information indicating a server capability to support dynamic latency operation.

For example, before the packets carrying the video frames may be received,
the client device may receive a handshake request message from the server. On
a condition that the handshake request message comprises third information
indicating a server capability to support dynamic latency operation, the client
device may send a handshake response message to the server, the handshake
response message may comprise fourth information indicating a client capability to
support dynamic latency operation.

For example, the initial latency value and the new latency value may be

secure reliable transport, SRT, latency values associated with a SRT protocol.
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Figure 15 is a diagram illustrating a second example of a method
implemented in a server e.g., for improving a QoE of video content. For example,
in a step 1510, the server may send a plurality of packets carrying video frames of
video content to a client device. For example, in a step 1520, the server may keep
the packets e.g., in a buffer for retransmission during a first amount of time
associated with an initial latency value. For example, in a step 1530, the server
may receive a request message from the client device, the request message may
comprise first information indicating a requested latency value. For example, in a
step 1540, the server may send a response message to the client device, the
response message may comprise second information indicating a new latency
value. For example, the new latency value may be set to the requested latency
value to indicate acceptation by the server of the requested latency value. For
example, in a step 1550, the server may send a plurality of subsequent packets
carrying subsequent video frames of the video content to the client device. For
example, in a step 1560, the server may keep the subsequent packets e.qg., in the
buffer for retransmission during a second amount of time associated with the new
latency value.

Figure 16 is a diagram illustrating a third example of a method implemented
in a client device e.g., for improving a QoE of video content. For example, in a step
1610, the client device may receive a plurality of packets carrying video frames of
video content from a server. For example, in a step 1620, the client device may
apply an initial latency value to the received packets before decoding and
displaying. For example, in a step 1630, the client device may send information to
the server, the information indicating a metric representative of a frame pace
variation. For example, in a step 1640, the client device may receive a request
message from the server, the request message may comprise first information
indicating a requested latency. For example, in a step 1650, the client device may
send a response message to the server, the response message may comprise
second information indicating a new latency value based on the requested latency
value. For example, the new latency value may be set to the requested latency
value to indicate acceptation by the client device of the requested latency value.
For example, in a step 1660, the client device may apply the new latency value to

received subsequent packets before decoding and displaying.
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For example, the metric may be based on a dispersion function of any of
frame arrival times, packet arrival times, frame decoding times, and frame display
times.

For example, the dispersion function may comprise any of a mean, a
median, a standard deviation, a variance, a mean absolute deviation, and an
interquartile.

For example, the metric may be further based on any of a number of delayed
frames and a number of dropped frames.

Figure 17 is a diagram illustrating a fourth example of a method
implemented in a server e.g., for improving a QoE of video content. For example,
in a step 1710, the server may send a plurality of packets carrying video frames of
video content to a client device. For example, in a step 1720, the server may keep
the packets e.g., in a buffer for retransmission during a first amount of time
associated with an initial latency value. For example, in a step 1730, the server
may receive information indicating a metric representative of a frame pace
variation. For example, in a step 1740, the server may send a request message to
the client device, the request message may comprise first information indicating a
requested latency value. For example, the server may determine the requested
latency value based on the indicated metric. For example, in a step 1750, the
server may receive a response message from the client device, the response
message may comprise second information indicating a new latency value. For
example, the new latency value may be set to the requested latency value to
indicate acceptation by the client device of the requested latency value. For
example, in a step 1760, the server may send a plurality of subsequent packets
carrying subsequent video frames of the video content to the client device. For
example, in a step 1770, the server may keep the subsequent packets e.g., in the
buffer for retransmission during a second amount of time associated with the new

latency value.
CONCLUSION

Although features and elements are described above in particular
combinations, one of ordinary skill in the art will appreciate that each feature or

element can be used alone or in any combination with the other features and
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elements. In addition, the methods described herein may be implemented in a
computer program, software, or firmware incorporated in a computer-readable
medium for execution by a computer or processor. Examples of computer-readable
media include electronic signals (transmitted over wired or wireless connections)
and computer-readable storage media. Examples of computer-readable storage
media include, but are not limited to, a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconductor memory devices,
magnetic media such as internal hard disks and removable disks, magneto-optical
media, and optical media such as CD-ROM disks, and digital versatile disks
(DVDs). A processor in association with software may be used to implement a radio
frequency transceiver for use in a WTRU 102, UE, terminal, base station, RNC, or

any host computer.

While not explicitly described, the present embodiments may be employed
in any combination or sub-combination. For example, the present principles are not
limited to the described variants, and any arrangement of variants and
embodiments can be used. Moreover, the present principles are not limited to the
described channel access methods and any other type of channel access methods

is compatible with the present principles.

Any characteristic, variant or embodiment described for a method is
compatible with an apparatus device comprising means for processing the
disclosed method, with a device comprising a processor configured to process the
disclosed method, with a computer program product comprising program code
instructions and with a non-transitory computer-readable storage medium storing

program instructions.

Moreover, in the embodiments described above, processing platforms,
computing systems, controllers, and other devices containing processors are
noted. These devices may contain at least one Central Processing Unit ("CPU")
and memory. In accordance with the practices of persons skilled in the art of
computer programming, reference to acts and symbolic representations of

operations or instructions may be performed by the various CPUs and memories.
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Such acts and operations or instructions may be referred to as being "executed,"

"computer executed" or "CPU executed."

One of ordinary skill in the art will appreciate that the acts and symbolically
represented operations or instructions include the manipulation of electrical signals
by the CPU. An electrical system represents data bits that can cause a resulting
transformation or reduction of the electrical signals and the maintenance of data
bits at memory locations in a memory system to thereby reconfigure or otherwise
alter the CPU's operation, as well as other processing of signals. The memory
locations where data bits are maintained are physical locations that have particular
electrical, magnetic, optical, or organic properties corresponding to or
representative of the data bits. It should be understood that the representative
embodiments are not limited to the above-mentioned platforms or CPUs and that

other platforms and CPUs may support the provided methods.

The data bits may also be maintained on a computer readable medium
including magnetic disks, optical disks, and any other volatile (e.qg., Random
Access Memory ("RAM")) or non-volatile (e.g., Read-Only Memory ("ROM")) mass
storage system readable by the CPU. The computer readable medium may include
cooperating or interconnected computer readable medium, which exist exclusively
on the processing system or are distributed among multiple interconnected
processing systems that may be local or remote to the processing system. It is
understood that the representative embodiments are not limited to the above-
mentioned memories and that other platforms and memories may support the
described methods.

In an illustrative embodiment, any of the operations, processes, etc.
described herein may be implemented as computer-readable instructions stored
on a computer-readable medium. The computer-readable instructions may be
executed by a processor of a mobile unit, a network element, and/or any other

computing device.

There is little distinction left between hardware and software
implementations of aspects of systems. The use of hardware or software is

generally (e.g., but not always, in that in certain contexts the choice between
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hardware and software may become significant) a design choice representing cost
vs. efficiency tradeoffs. There may be various vehicles by which processes and/or
systems and/or other technologies described herein may be effected (e.g.,
hardware, software, and/or firmware), and the preferred vehicle may vary with the
context in which the processes and/or systems and/or other technologies are
deployed. For example, if an implementer determines that speed and accuracy are
paramount, the implementer may opt for a mainly hardware and/or firmware
vehicle. If flexibility is paramount, the implementer may opt for a mainly software
implementation. Alternatively, the implementer may opt for some combination of

hardware, software, and/or firmware.

The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and/or
examples. Insofar as such block diagrams, flowcharts, and/or examples contain
one or more functions and/or operations, it will be understood by those within the
art that each function and/or operation within such block diagrams, flowcharts, or
examples may be implemented, individually and/or collectively, by a wide range of
hardware, software, firmware, or virtually any combination thereof. Suitable
processors include, by way of example, a general purpose processor, a special
purpose processor, a conventional processor, a digital signal processor (DSP), a
plurality of microprocessors, one or more microprocessors in association with a
DSP core, a controller, a microcontroller, Application Specific Integrated Circulits
(ASICs), Application Specific Standard Products (ASSPs); Field Programmable
Gate Arrays (FPGAS) circuits, any other type of integrated circuit (IC), and/or a

state machine.

Although features and elements are provided above in particular
combinations, one of ordinary skill in the art will appreciate that each feature or
element can be used alone or in any combination with the other features and
elements. The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of
various aspects. Many modifications and variations may be made without departing
from its spirit and scope, as will be apparent to those skilled in the art. No element,

act, or instruction used in the description of the present application should be



10

15

20

25

30

WO 2022/200215 PCT/EP2022/057178

49

construed as critical or essential to the invention unless explicitly provided as such.
Functionally equivalent methods and apparatuses within the scope of the
disclosure, in addition to those enumerated herein, will be apparent to those skilled
in the art from the foregoing descriptions. Such modifications and variations are
intended to fall within the scope of the appended claims. The present disclosure is
to be limited only by the terms of the appended claims, along with the full scope of
equivalents to which such claims are entitled. It is to be understood that this

disclosure is not limited to particular methods or systems.

Itis also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only and is not intended to be limiting. As
used herein, when referred to herein, the terms “station” and its abbreviation
“STA”, "user equipment" and its abbreviation "UE" may mean (i) a wireless transmit
and/or receive unit (WTRU), such as described infra; (ii) any of a number of
embodiments of a WTRU, such as described infra; (iii) a wireless-capable and/or
wired-capable (e.g., tetherable) device configured with, inter alia, some or all
structures and functionality of a WTRU, such as described infra; (iii) a wireless-
capable and/or wired-capable device configured with less than all structures and
functionality of a WTRU, such as described infra; or (iv) the like. Details of an
example WTRU, which may be representative of any UE recited herein, are
provided below with respect to FIGS. 1A-1D.

In certain representative embodiments, several portions of the subject
matter described herein may be implemented via Application Specific Integrated
Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), digital signal
processors (DSPs), and/or other integrated formats. However, those skilled in the
art will recognize that some aspects of the embodiments disclosed herein, in whole
or in part, may be equivalently implemented in integrated circuits, as one or more
computer programs running on one or more computers (e.g., as one or more
programs running on one or more computer systems), as one or more programs
running on one or more processors (e.g., as one or more programs running on one
or more microprocessors), as firmware, or as virtually any combination thereof, and
that designing the circuitry and/or writing the code for the software and or firmware

would be well within the skill of one of skill in the art in light of this disclosure. In
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addition, those skilled in the art will appreciate that the mechanisms of the subject
matter described herein may be distributed as a program product in a variety of
forms, and that an illustrative embodiment of the subject matter described herein
applies regardless of the particular type of signal bearing medium used to actually
carry out the distribution. Examples of a signal bearing medium include, but are not
limited to, the following: a recordable type medium such as a floppy disk, a hard
disk drive, a CD, a DVD, a digital tape, a computer memory, etc., and a
transmission type medium such as a digital and/or an analog communication
medium (e.g., a fiber optic cable, a waveguide, a wired communications link, a

wireless communication link, etc.).

The herein described subject matter sometimes illustrates different
components contained within, or connected with, different other components. Itis
to be understood that such depicted architectures are merely examples, and that
in fact many other architectures may be implemented which achieve the same
functionality. In a conceptual sense, any arrangement of components to achieve
the same functionality is effectively "associated" such that the desired functionality
may be achieved. Hence, any two components herein combined to achieve a
particular functionality may be seen as "associated with" each other such that the
desired functionality is achieved, irrespective of architectures or intermediate
components. Likewise, any two components so associated may also be viewed as
being "operably connected", or "operably coupled", to each other to achieve the
desired functionality, and any two components capable of being so associated may
also be viewed as being "operably couplable" to each other to achieve the desired
functionality. Specific examples of operably couplable include but are not limited
to physically mateable and/or physically interacting components and/or wirelessly
interactable and/or wirelessly interacting components and/or logically interacting

and/or logically interactable components.

With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular
and/or from the singular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be expressly set forth

herein for sake of clarity.
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It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims)
are generally intended as "open" terms (e.g., the term "including" should be
interpreted as "including but not limited to," the term "having" should be interpreted
as "having at least," the term "includes" should be interpreted as "includes but is
not limited to," etc.). It will be further understood by those within the art that if a
specific number of an introduced claim recitation is intended, such an intent will be
explicitly recited in the claim, and in the absence of such recitation no such intent
is present. For example, where only one item is intended, the term "single" or
similar language may be used. As an aid to understanding, the following appended
claims and/or the descriptions herein may contain usage of the introductory
phrases "at least one" and "one or more" to introduce claim recitations. However,
the use of such phrases should not be construed to imply that the introduction of a
claim recitation by the indefinite articles "a" or "an" limits any particular claim
containing such introduced claim recitation to embodiments containing only one
such recitation, even when the same claim includes the introductory phrases "one
or more" or "at least one" and indefinite articles such as "a" or "an" (e.q., "a" and/or
"an" should be interpreted to mean "at least one" or "one or more"). The same
holds true for the use of definite articles used to introduce claim recitations. In
addition, even if a specific number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such recitation should be
interpreted to mean at least the recited number (e.g., the bare recitation of "two
recitations," without other modifiers, means at least two recitations, or two or more

recitations).

Furthermore, in those instances where a convention analogous to "at least
one of A, B, and C, etc." is used, in general such a construction is intended in the
sense one having skill in the art would understand the convention (e.g., "a system
having at least one of A, B, and C" would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). In those instances where a convention
analogous to "at least one of A, B, or C, etc." is used, in general such a construction
is intended in the sense one having skill in the art would understand the convention

(e.g., "a system having at least one of A, B, or C" would include but not be limited
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to systems that have A alone, B alone, C alone, A and B together, A and C together,
B and C together, and/or A, B, and C together, etc.). It will be further understood
by those within the art that virtually any disjunctive word and/or phrase presenting
two or more alternative terms, whether in the description, claims, or drawings,
should be understood to contemplate the possibilities of including one of the terms,
either of the terms, or both terms. For example, the phrase "A or B" will be
understood to include the possibilities of "A" or "B" or "A and B." Further, the terms
"any of" followed by a listing of a plurality of items and/or a plurality of categories
of items, as used herein, are intended to include "any of" "any combination of,"
"any multiple of," and/or "any combination of multiples of' the items and/or the
categories of items, individually or in conjunction with other items and/or other
categories of items. Moreover, as used herein, the term "set" or “group” is intended
to include any number of items, including zero. Additionally, as used herein, the

term "number" is intended to include any number, including zero.

In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure
is also thereby described in terms of any individual member or subgroup of

members of the Markush group.

As will be understood by one skilled in the art, for any and all purposes, such
as in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as sufficiently describing and
enabling the same range being broken down into at least equal halves, thirds,
quarters, fifths, tenths, etc. As a non-limiting example, each range discussed herein
may be readily broken down into a lower third, middle third and upper third, etc. As
will also be understood by one skilled in the art all language such as "up to," "at
least," "greater than," "less than," and the like includes the number recited and
refers to ranges which can be subsequently broken down into subranges as
discussed above. Finally, as will be understood by one skilled in the art, a range
includes each individual member. Thus, for example, a group having 1-3 cells
refers to groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to

groups having 1, 2, 3, 4, or 5 cells, and so forth.
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Moreover, the claims should not be read as limited to the provided order or
elements unless stated to that effect. In addition, use of the terms "means for" in
any claim is intended to invoke 35 U.S.C. §112, 6 or means-plus-function claim

format, and any claim without the terms "means for" is not so intended.

A processor in association with software may be used to implement a radio
frequency transceiver for use in a wireless transmit receive unit (WTRU), user
equipment (UE), terminal, base station, Mobility Management Entity (MME) or
Evolved Packet Core (EPC), or any host computer. The WTRU may be used in
conjunction with modules, implemented in hardware and/or software including a
Software Defined Radio (SDR), and other components such as a camera, a video
camera module, a videophone, a speakerphone, a vibration device, a speaker, a
microphone, a television transceiver, a hands free headset, a keyboard, a
Bluetooth® module, a frequency modulated (FM) radio unit, a Near Field
Communication (NFC) Module, a liquid crystal display (LCD) display unit, an
organic light-emitting diode (OLED) display unit, a digital music player, a media
player, a video game player module, an Internet browser, and/or any Wireless
Local Area Network (WLAN) or Ultra Wide Band (UWB) module.

Although the invention has been described in terms of communication
systems, it is contemplated that the systems may be implemented in software on
microprocessors/general purpose computers (not shown). In certain embodiments,
one or more of the functions of the various components may be implemented in

software that controls a general-purpose computer.

In addition, although the invention is illustrated and described herein with
reference to specific embodiments, the invention is not intended to be limited to the
details shown. Rather, various modifications may be made in the details within the
scope and range of equivalents of the claims and without departing from the

invention.

Throughout the disclosure, one of skill understands that certain
representative embodiments may be used in the alternative or in combination with

other representative embodiments.
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CLAIMS

1. A method implemented in a client device and comprising:

- receiving a plurality of packets carrying video frames of video content from
a server,

- applying an initial latency value to the received packets before decoding and
displaying;

- sending a request message to the server, the request message comprising
first information indicating a requested latency value determined based on
a frame pace variation;

- receiving a response message from the server, the response message
comprising second information indicating a new latency value; and

- applying the new latency value to received subsequent packets before

decoding and displaying.

2. The method according to claim 1, wherein the initial latency value and the new
latency value are applied to respectively the packets and the subsequent packets
by extracting respectively the packets and the subsequent packets from a receiver
buffer based on (i) respectively the initial latency value and the new latency value
and (ii) time stamp information included in the packets and the subsequent packets,
the time stamp information indicating respective times associated with a storage of

the packets and the subsequent packets in a sender buffer of the server.

3. The method according to claim 2, wherein the time stamp information included
in a packet of any of the packets and the subsequent packets indicates a first time
at which the packet has been stored in the sender buffer, and wherein the packet
is extracted at a second time corresponding to an amount of time after the first
time, the amount of time being constant for successive packets and being

associated with any of the initial latency value and the new latency value.

4. The method according to any of claims 2 to 3, wherein the frame pace variation
is a variation of a pace at which the video frames are any of received, extracted

from the receiver buffer and decoded.
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5. The method according to any of claims 1 to 4, wherein the new latency value is
obtained based on a history of frame pace variations for different preceding periods
of times.

6. The method according to any of claims 1 to 5, wherein the new latency value is
further based on any of a number of delayed frames and a number of dropped
frames.

7. The method according to any of claims 1 to 6, wherein the new latency value is
applied to the subsequent packets on a condition that the new latency value is
equal to the requested latency value or strictly comprised between the requested

latency value and the initial latency value.

8. The method according to any of claims 1 to 7, wherein before the packets
carrying the video frames are received, a handshake request message is sent by
the client device to the server, the handshake request message comprising third

information indicating a client capability to support dynamic latency operation.

9. The method according to claim 8, wherein a handshake response message is
received by the client device from the server in response to the handshake request
message, and wherein the client device performs dynamic latency operation by
sending the request message on a condition that the handshake response
message comprises fourth information indicating a server capability to support

dynamic latency operation.

10. The method according to any of claims 1 to 7, wherein before the packets
carrying the video frames are received, a handshake request message is received
by the client device from the server, and on a condition that the handshake request
message comprises third information indicating a server capability to support
dynamic latency operation, a handshake response message is sent by the client
device to the server, the handshake response message comprising fourth

information indicating a client capability to support dynamic latency operation.
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11. The method according to any of claims 1 to 10, wherein the initial latency value

and the new latency value are secure reliable transport, SRT, latency values

associated with a SRT protocol.

12. A client device comprising circuitry, including any of a transmitter, a receiver, a

processor, and a memory, configured to:

receive a plurality of packets carrying video frames of video content from a
server,

apply an initial latency value to the received packets before decoding and
displaying;

send a request message to the server, the request message comprising first
information indicating a requested latency value determined based on a
frame pace variation;

receive a response message from the server, the response message
comprising second information indicating a new latency value; and

apply the new latency value to received subsequent packets before

decoding and displaying.

13. A method implemented in a server and comprising:

sending a plurality of packets carrying video frames of video content to a
client device;

keeping the packets in a buffer for retransmission during a first amount of
time associated with an initial latency value;

receiving a request message from the client device, the request message
comprising first information indicating a requested latency value;

sending a response message to the client device, the response message
comprising second information indicating a new latency value;

sending a plurality of subsequent packets carrying subsequent video frames
of the video content to the client device; and

keeping the subsequent packets in the buffer for retransmission during a

second amount of time associated with the new latency value.



10

15

20

25

30

WO 2022/200215 PCT/EP2022/057178

57

14. A server comprising circuitry, including any of a transmitter, a receiver, a

processor, and a memory, configured to:

send a plurality of packets carrying video frames of video content to a client
device;

keep the packets in a buffer for retransmission during a first amount of time
associated with an initial latency value;

receive a request message from the client device, the request message
comprising first information indicating a requested latency value;

send a response message to the client device, the response message
comprising second information indicating a new latency value;

send a plurality of subsequent packets carrying subsequent video frames of
the video content to the client device; and

keep the subsequent packets in the buffer for retransmission during a

second amount of time associated with the new latency value.

15. A method implemented in a client device and comprising:

receiving a plurality of packets carrying video frames of video content from
a server,

applying an initial latency value to the received packets before decoding and
displaying;

sending information to the server, the information indicating a metric
representative of a frame pace variation;

receiving a request message from the server, the request message
comprising first information indicating a requested latency value;

sending a response message to the server, the response message
comprising second information indicating a new latency value based on the
requested latency value; and

applying the new latency value to received subsequent packets before

decoding and displaying.

16. The method according to claim 15, wherein the metric is based on a dispersion

function of any of frame arrival times, packet arrival times, frame decoding times,

and frame display times, and wherein the dispersion function comprises any of a
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mean, a median, a standard deviation, a variance, a mean absolute deviation, and

an interquartile.

17. The method according to any of claims 15 to 16, wherein the metric is further

based on any of a number of delayed frames and a number of dropped frames.

18. A client device comprising circuitry, including any of a transmitter, a receiver, a

processor, and a memory, configured to:

receive a plurality of packets carrying video frames of video content from a
server,

apply an initial latency value to the received packets before decoding and
displaying;

send information to the server, the information indicating a metric
representative of a frame pace variation;

receive a request message from the server, the request message
comprising first information indicating a requested latency value;

send a response message to the server, the response message comprising
second information indicating a new latency value based on the requested
latency value; and

apply the new latency value to received subsequent packets before
decoding and displaying.

19. A method implemented in a server and comprising:

sending a plurality of packets carrying video frames of video content to a
client device;

keeping the packets in a buffer for retransmission during a first amount of
time associated with an initial latency value;

receiving information indicating a metric representative of a frame pace
variation;

sending a request message to the client device, the request message
comprising first information indicating a requested latency value determined

based on the indicated metric;
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receiving a response message from the client device, the response
message comprising second information indicating a new latency value;
sending a plurality of subsequent packets carrying subsequent video frames
of the video content to the client device; and

keeping the subsequent packets in the buffer for retransmission during a

second amount of time associated with the new latency value.

20. A server comprising circuitry, including any of a transmitter, a receiver, a

processor, and a memory, configured to:

send a plurality of packets carrying video frames of video content to a client
device;

keep the packets in a buffer for retransmission during a first amount of time
associated with an initial latency value;

receive information indicating a metric representative of a frame pace
variation;

send a request message to the client device, the request message
comprising first information indicating a requested latency value determined
based on the indicated metric;

receive a response message from the client device, the response message
comprising second information indicating a new latency value;

send a plurality of subsequent packets carrying subsequent video frames of
the video content to the client device; and

keep the subsequent packets in the buffer for retransmission during a

second amount of time associated with the new latency value.
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3.2.1.1.1. Handshake Extension Message Flags

Bitmask Flag
0x00000001 TSBPDSND
0x00000002 TSBPDRCV
0x00000004 CRYPT
0x00000008 TLPKTDROP
0x00000010 PERIODICNAK
0x00000020 REXMITFLG
0x00000040 STREAM
0x00000080 PACKET_FILTER

Table 6: Handshake Extension Message Flags

Figure 8B
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Receiving a Plurality of Packets Carrying
VlIdeo Frames of a Game from a Server

A

Applying an Initial SRT Latency Value to the Received
Packets before Decoding and Displaying

A

Obtaining a Value of a Metric Representative of a
Video Stuttering Level Based on a Video Frame Pace Variation

A

Exchanging SRT Messages between a Client Device and a Server for
Obtaining a New SRT Latency Value Based on the Value of the Metric

[ \—1340

A

Improving a QoE of the Game by Applying the New Latency Value to
Received Subsequent Packets before Decoding and Displaying

Figure 13
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Receiving a Plurality of Packets Carrying
VlIdeo Frames of Video Content from a Server [ \—1410
Applying an Initial Latency Value to the Received
Packets before Decoding and Displaying [ \—1420

l

Sending a Request Message to the Server, the Request Message
Comprising First Information Indicating a Requested Latency Value
Determined Based on a Frame Pace Variation

y

Receiving a Response Message from the Server, the Response
Message Comprising Second Information Indicating a New Latency
Value

y

Applying the New Latency Value to Received Subsequent Packets
before Decoding and Displaying

Figure 14
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Sending a Plurality of Packets Carrying
VIdeo Frames of Video Content to a Client Device

l

Keeping the Packets in a Buffer for Retransmission during a First
Amount of Time Associated with an Initial Latency Value

l

Receiving a Request Message from the Client Device, the Request
Message Comprising First Information Indicating a Requested Latency
Value

y

Sending a Response Message to the Client Device, the Response
Message Comprising Second Information Indicating a New Latency
Value

y

Sending a Plurality of Subsequent Packets Carrying Subsequent Video
Frames of the Video Content to the Client Device

y

Keeping the Subsequent Packets in the Buffer for Retransmission
During a Second Amount of Time Associated with the New Latency
Value

Figure 15
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Receiving a Plurality of Packets Carrying
VIdeo Frames of Video Content from a Server

l

Applying an Initial Latency Value to the Received
Packets before Decoding and Displaying

l

Sending Information to the Server, the Information Indicating a Metric
Representative of a Frame Pace Variation

y

Receiving a Request Message from the Server, the Request Message
Comprising First Information Indicating a Requested Latency Value

y

Sending a Response Message to the Server, the Response Message
Comprising Second Information Indicating a New Latency Value Based
on the Requested Latency Value

y

Applying the New Latency Value to Received Subsequent Packets
before Decoding and Displaying

Figure 16
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Sending a Plurality of Packets Carrying
VlIdeo Frames of Video Content to a Client Device

A

Keeping the Packets in a Buffer for Retransmission during a First
Amount of Time Associated with an Initial Latency Value

A

Receiving Information Indicating a Metric Representative of a Frame
Pace Variation

A

Sending a Request Message to the Client Device, the Request
Message Comprising First Information Indicating a Requested Latency
Value Determined Based on the Indicated Metric

A

Receiving a Response Message from the Client Device, the Response
Message Comprising Second Information Indicating a New Latency
Value

A

Sending a Plurality of Subsequent Packets Carrying Subsequent Video
Frames of the Video Content to the Client Device

l

Keeping the Subsequent Packets in the Buffer for Retransmission
During a Second Amount of Time Associated with the New Latency
Value

Figure 17
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