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Abstract

Cloud gaming (CG) is highly sensitive to congestion because real-
time game video is streamed to the gamer while user commands are
sent back to the cloud server. However, fair transport evaluation
is difficult since gameplay is non-deterministic and commercial
CG platforms are closed-source. This demo presents CGReplay++, a
congestion-aware extension of CGReplay for reproducible transport
evaluation. CGReplay++ replays pre-captured CG sessions while
preserving video, commands, timing, and bidirectional interactivity.
It adds a configurable transport layer supporting UDP/WebRTC-
style transport, QUIC, RTP over QUIC (RoQ), and SCReAM. The
demo shows how the same gameplay session can be replayed un-
der controlled network conditions to compare transport impact
on gamer-side QoE/QoS metrics, including VMAF, SSIM, PSNR,
response time, delay, jitter, loss, and throughput.
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1 Introduction and Motivation

Cloud gaming moves game execution and rendering from the gamer
device to remote cloud or edge servers. The client mainly decodes
the received game video and sends user commands back to the
server [2, 7, 9]. This reduces the need for high-end local hardware,
but it makes the experience strongly dependent on the network.
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Delay, jitter, packet loss, bandwidth limitation, and congestion
directly affect both video quality and responsiveness [4, 8, 17].

Unlike conventional video streaming, CG is bidirectional and
interactive. The downlink carries encoded game frames, while the
uplink carries gamer commands. These two directions form a closed
interaction loop: the gamer reacts to video frames, and the server
updates the game state and generates future frames based on the
received commands [4, 7]. Therefore, transport evaluation in CG
must consider both video quality and response time.

A key challenge is reproducibility. Gameplay is naturally non-
deterministic: different runs of the same game may produce differ-
ent scenes, frame sizes, command timing, encoder behavior, and traf-
fic patterns. Moreover, commercial CG platforms are closed-source,
limiting control over the server, encoder, and transport stack. Prior
studies show that CG platforms behave differently under chang-
ing network conditions and congestion [8, 15, 17]. This motivates
a replay-based framework that keeps game content, commands,
and timing fixed while changing only the network conditions and
transport configuration.

This demo presents CGReplay++, a congestion-aware extension
of CGReplay [12]. CGReplay++ replays pre-captured CG sessions
as a controlled interaction between a gamer and a CG server. It
preserves bidirectional timing, command events, video frames, and
interactivity, while adding a configurable transport and congestion-
control layer. CGReplay++ supports UDP/WebRTC transport!, QUIC
[3], RTP over QUIC (RoQ) [1], and SCReAM [5, 6]. This enables fair
comparison of transport mechanisms under the same gameplay,
user behavior, and network conditions.

2 CGReplay++ Design

2.1 Deterministic Cloud Gaming Replay

CGReplay++ builds on CGReplay, which captures real CG sessions
and replays the interaction between the gamer and the server. In
this proof-of-concept, we use traces collected from Microsoft Xbox
Cloud Gaming. Each game profile contains the received game video,
user commands, timing metadata, synchronization information, and
PCAP traces. For the evaluated profiles, storage is approximately
200-242 MB/min, including video, command data, and PCAP traces,

1WebRTC includes signaling, session establishment, NAT traversal, security, media
transport, and congestion-control components. In CGReplay++, we focus only on
the media transport path, i.e., RTP/RTCP over UDP with WebRTC-style real-time
transmission behavior, not the full WebRTC stack.
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depending on the game. During replay, the command stream and
video stream are synchronized at millisecond granularity to pre-
serve the original action/reaction pattern.

This deterministic replay is the core idea of CGReplay++. In-
stead of playing the game again for each experiment, CGReplay++
reuses the same captured session. Therefore, different transport
protocols can be compared using the same game content, command
sequence, and timing behavior. This is important because CG traffic
is content- and game-dependent: different games and scenes may
generate different frame sizes, command rates, bitrate dynamics,
and delay/loss sensitivity [8, 10, 16]. CGReplay++ intentionally re-
produces the captured session rather than modeling server-side
gameplay or encoder adaptations that would have occurred under
a different network condition. This isolates transport effects but
does not reproduce such closed-loop application adaptations.

2.2 Transport and Congestion-Control Layer

CGReplay++ extends the original UDP-based replay with a plug-
gable transport layer. The baseline follows a WebRTC-like media
stack with H.264/H.265 video, RTP packetization, and UDP trans-
port. CGReplay++ then adds QUIC, RoQ, and SCReAM as alterna-
tive transport/congestion-control mechanisms. QUIC is included
as a modern UDP-based transport with congestion-control sup-
port [3]. RoQ enables RTP media over QUIC [1]. SCReAM targets
self-clocked rate adaptation for real-time interactive media [5, 6].

The goal is not to claim one transport is always superior. In-
stead, CGReplay++ provides a fair environment to observe how
each mechanism behaves under the same game, commands, video
sequence, and network path. This is important because interactive
media congestion control must keep delay low while maintaining
useful throughput [4, 14].

2.3 Architecture

Figure 1 shows the CGReplay++ architecture. The system has three
main components: the CG gamer, the CG server, and the config-
urable network path. The CG gamer receives and decodes the re-
played H.264/H.265 video and sends commands according to the
synchronization file. The CG server replays the captured video
stream and receives the command stream with the reconstructed
timing. Together, they preserve the original CG interactivity loop.

The network path is emulated using Mininet. CGReplay++ al-
lows the user to configure bandwidth, delay, jitter, packet loss, and
bottleneck conditions. The selected transport protocol and network
configuration define the congestion behavior experienced by the
replayed session.

CGReplay++ collects both QoS and QoE-related metrics at the
gamer side. Network metrics include delay, jitter, packet loss, and
throughput, while PCAP traces are also available. Video quality
is measured using VMAF, SSIM, and PSNR, while interactivity is
evaluated using response time between user commands and the
corresponding video reaction. In this demo, we use three Xbox
game profiles: Forza, Fortnite, and Mortal Kombat.

3 Novelty and Expected Impact

CGReplay++ extends CGReplay in three directions: deterministic re-
play of captured video, commands, and timing; pluggable evaluation
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Figure 1: CGReplay++ architecture for reproducible cloud
gaming transport evaluation over UDP/WebRTC-style trans-
port, QUIC, RoQ, and SCReAM under controlled network
conditions.

of UDP/WebRTC-style transport, QUIC, RoQ, and SCReAM under
identical conditions; and joint reporting of network and gamer-side
QoE metrics. It therefore provides researchers and developers with
reproducible PCAP traces and QoE/QoS logs for assessing how
transport choices affect cloud-gaming quality and responsiveness.

4 Demonstration

The demo replays three pre-captured Xbox game profiles—Forza,
Fortnite, and Mortal Kombat—containing video, user commands,
synchronization metadata, and PCAP traces. Attendees select the
game, transport (UDP/WebRTC-style, QUIC, RoQ, or SCReAM), and
network conditions, including bandwidth, delay, jitter, loss, and bot-
tleneck settings. During replay, CGReplay++ reports VMAF, SSIM,
PSNR, response time, delay, jitter, loss, and throughput. PCAP traces
and QoE/QoS logs are stored after each run for offline comparison.

5 Conclusion and Future Work

CGReplay++ enables fair and reproducible cloud gaming transport
evaluation by replaying the same captured game session while
changing only the transport and network conditions. It compares
UDP/WebRTC transport, QUIC, RoQ, and SCReAM game by game,
enabling controlled analysis of RTP-based and QUIC-based deliv-
ery under congestion. The framework outputs PCAP traces, trans-
port/game logs (bitrate, resolution, frame rate, packet size, and IPG),
and gamer-side quality metrics such as VMAF, SSIM, PSNR, and
response time.

Future work includes extending CGReplay++ to VR/XR cloud
gaming, where stricter upstream command and downstream video
requirements must be considered. We also plan to connect CGRe-
play++ with synthetic CG traffic generation [13], considering how
transport and congestion-control behavior can affect bitrate, frame
pacing, packetization, and payload characteristics. Finally, we will
explore Agentic-Al-assisted generation to synthesize plausible video
frames from game context and command traces [11], moving be-
yond replaying only one captured user behavior.
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