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Abstract

We introduce XRTC, an immersive XR communication system that enables remote experts to obtain real-time
spatial understanding of emergency scenes without requiring technical expertise from those on site. The system
minimizes cognitive and operational burden for local non-experts, enabling precise guidance under stress.
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1. Introduction

Response time is critical when an individual experiences an accident or emergency, such as cardiac
arrest. Although emergency services have developed protocols and equipment to maximize survival
(such as emergency calls or publicly available defibrillators), current communication methods still rely
largely on voice or video calls. In such situations, the person on site is typically not an expert and must
describe the scene while simultaneously coping with stress. Communication barriers, contradictory
information, incomplete descriptions, or unclear symptoms, can delay assessment and hinder the
activation of appropriate emergency resources [1].

Nokia XR Lab has developed an immersive communication prototype (eXtended Reality Team Com-
munication, XRTC) that allows a remote expert to virtually teleport into a physical environment in
real time. This provides the remote user with rich spatial awareness of the scene, while enabling those
on site to receive clear, actionable guidance without needing technical expertise or complex setup
procedures. We propose applying XRTC to emergency situations, analogous to how automatic defibril-
lators empower non-professionals, enabling emergency services to obtain accurate, real-time situational
awareness. This adaptation raises important technical, operational, and trust-related challenges. In this
positioning paper, we outline the system’s evolution, summarize its prior validation in related contexts,
and discuss the implications of extending immersive telepresence to first-aid scenarios.

2. Extdended Reality Team Communication (XRTC)

2.1. What is XRTC

XRTC enables real-time immersive capture, transmission, and rendering of real environments, including
the people within them. It is particularly suitable for hybrid scenarios involving both co-located (local)
and remote participants who share a common physical space of interest. As illustrated in Fig. 1, a
dedicated XRTC terminal (the Snowl), functionally similar to a large camera, is installed at a fixed
location in the real world, typically surrounded by on-site participants (the locals). The terminal
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Figure 1: XRTC applied to first aid scenarios. The upper part illustrates immersive emergency commu-
nication with a remote expert providing real-time guidance, while the lower part shows the evolution of
the XRTC prototypes over time.

follows a plug-and-play design and becomes operational within seconds after power-on, an essential
property in time-critical situations. Remote participants (the travelers) use a Virtual Teleportation
application on a Head-Mounted Display (HMD), typically a VR headset. Upon launching the application,
travelers are presented with an immediate sense of being co-located with the Snowl terminal. The
travelers’ experience is fully immersive (supporting 3-DoF head motion and 360 degree exploration),
multimodal (integrating video and audio), and bidirectional. Travelers can communicate with locals and
with other travelers, who are represented as avatars within the captured real scene, allowing multiple
remote participants to simultaneously access and assess the same physical scene. The system can also
render a self-body representation for the remote user, supporting embodied interaction and facilitating
consultation of external resources during the session. At the physical Snowl location, locals see the
travelers as avatars rendered on the terminal’s integrated screen, and audio communication is provided
via a built-in hands-free audio system. The teleportation illusion is strong, with users typically reporting
a sustained sense of presence. The terminal’s screen also serves as a Graphical User Interface (GUI) for
configuring call parameters and device settings.

2.2. XRTC roadmap

The XRTC system has evolved through three main prototypes, each reflecting a shift from experimental
validation toward a robust, deployable immersive communication solution. The first iteration, The
Owl 1.0, was conceived as a proof-of-concept for laboratory testing, focusing on validating immersive
telepresence using a simple setup augmented with an LED ring to convey remote gaze awareness [2].
This prototype enabled early use-case testing, but required on-site support and was not intended for
standalone operation. The second iteration, The Owl 2.0, introduced a more compact configuration and
incorporated commercial 360 degree cameras such as the Ricoh Theta and Vuze XR, enabling broader
use-case experimentation beyond the lab [3]. This version supported XR Team Communication scenarios
over private 5G networks and introduced companion applications: avatar-based representations of
remote users on a tablet, and an smartphone application to use its camera as magnifying glass to show
scene details to the remote user. While still requiring some operational support, this stage marked a
transition toward more realistic deployment contexts. The current iteration, The Owl 3.0 (Snowl), adopts
a fully integrated, plug-and-play design explicitly intended for unsupported testing and real-world
deployment [4]. This version consolidates immersive capture, rendering, and interaction into a single
self-contained terminal, prioritizing ease of installation, operational robustness, and reliability. As
illustrated in Fig. 1, which presents the three prototypes at the bottom of the teaser image, this evolution
highlights a clear progression from experimental systems toward a standalone XR communication
device suitable for challenging environments such as emergency response.



2.3. Use cases and evaluation

The development of the XRTC solution has been done in parallel with many evaluation tests and
activities, to assess its feasibility. The Owl prototype has been tested in contexts of professional and
social meetings; primary, secondary and university education; remote expert support; psychological
therapy. Structured experiments have been performed to assess several QoE features in conversation
situations (using the 6 Thinking Hats technique [5]) or in exploratory ones, using a Treasure Hunt task
[6]. This experiment has been a key asset to develop ITU-T Recommendation P.1321, which standardizes
such methods. More recently, XRTC has also been used to support two use cases where a remote
expert provided support to people with intellectual disabilities in two different contexts: supervision of
daily tasks at home (telecare) and remote training of professional pastry operations [7]. This provides
longitudinal evaluation of the system by the same group of people across 15 to 20 sessions over a
6-month period. Although these evaluations were not conducted in the emergency setting envisioned
in this paper, they can be regarded as assessments of the XRTC user experience in analogous contexts,
which we plan to extend to the emergency use case in future work.

Table 1 summarizes the results of the evaluations. Although results are not directly comparable, some
high-level conclusions can be extracted: the sense of presence is very high, the audiovisual quality has
significantly improved with the new version, and the cybersickness has been reduced similarly.

2.4. Adding Al-assisted augmentation

One of the key elements of the XRTC architecture is that it supports off-the-shelf integration with
remote processing services. Based on this architecture, AI modules can be incorporated to provide
real-time insights into the captured scene. In previous iterations of XRTC, this integration has enabled
automatic augmentations of immersive communication, including detection of events of interest in
remote-education classrooms [8], context-aware placement of remote avatars [9], and group-level
affective understanding of participants [10]. These examples demonstrate that immersive telepresence
can be systematically extended with backend intelligence without altering the user interaction paradigm.

From a systems perspective, such Al services may be deployed either in centralized infrastructures or
at the network edge to reduce latency and improve data governance in time-critical scenarios [11]. This
architectural flexibility is particularly relevant in emergency contexts, where near real-time analysis
and privacy-aware processing are both required. Using the same integration model, more advanced Al
systems can support scene interpretation and triage assistance in emergency scenarios [12]. Building
on recent advances in agentic Al [13, 14], the XRTC architecture could further support an embodied
Al co-pilot integrated directly into the immersive environment. Rather than functioning as a generic
conversational agent, such a system would operate as a task-oriented cognitive teammate: retrieving
protocols, structuring emergency procedures, monitoring adherence to guidelines, and providing
decision support alongside the human expert. In this configuration, Al does not replace professional
judgment but augments distributed expertise, acting as a stabilizing layer in high-stress situations.
Given the critical nature of the scenario and the fact that the remote participant is an expert, the role
of Al is to provide additional support that helps reduce the expert’s cognitive load, for example by
structuring scene information, monitoring adherence to protocols, or providing timely reminders. Al
could also interact with the local user by offering additional information or visual guidance, but always
under the supervision and coordination of the remote expert, and with explicit indication that the
information or guidance is generated by an Al system.

3. XRTC as first aid companion: rationale and challenges

With these capabilities, XRTC can be deployed analogously to automatic defibrillators, establishing
immediate communication with an emergency center and providing real-time situational awareness.
Upon activation, the terminal would automatically initiate a call and transmit its GPS location, enabling
rapid expert access. The remote expert, using an HMD, would obtain an immersive view of the scene



to provide precise guidance and coordinate actions. When needed, multiple stakeholders, such as
dispatchers or medical supervisors, could simultaneously access the same environment, supporting
coordinated decision-making consistent with established models of interagency crisis collaboration
[15]. Beyond audiovisual transmission, the system supports bidirectional metadata exchange, enabling
integration of external sensors, scene annotations, or structured remote feedback. Mobile connectivity
leverages 5G mechanisms such as traffic prioritization and secure authentication, contributing to
robustness in safety-critical deployments.

When we compare the system to an automated external defibrillator, we refer specifically to the
simplicity of use on the local side, where a non-expert should be able to power on or activate the
terminal with minimal setup. Unlike an AED, however, XRTC does not operate autonomously in this
context, but rather establishes a connection with an emergency professional. For the system to be
viable, in addition to being robustly deployable across settings, emergency centers would need to have
HMDs available for immediate use, and personnel would need to be trained in their operation.

3.1. Challenges

1. Social, operational and ethical trust. Adoption depends on acceptance by both local users and
remote professionals. Trust must be calibrated to prevent over-reliance or under-utilization in
safety-critical contexts [18]. This includes confidence in the communication channel, immersive
representation, and Al-augmented insights, as well as addressing privacy, consent, and data
governance in sensitive environments. In the current system, the communication setup has
already been validated in remote support scenarios involving people with intellectual disabilities,
suggesting that the user experience is suitable for non-expert users and that the immersive
representation is effective for conveying scene information. However, the impact that Al assistance
may have on local users, as well as the interaction between immersive technology and artificial
intelligence, has not yet been validated.

2. System robustness and resilience. The architecture must tolerate connectivity fluctuations
and prioritize emergency traffic over consumer use, ensuring continuity under stress. From a
communications perspective, traffic prioritization mechanisms for emergencies are routinely
used in communication systems for emergency and public safety services, and are already part of
the network solution portfolios of operators and technology providers. It remains to be validated
whether the XRTC communication system can be integrated with these prioritization mechanisms,
and whether the system as a whole can maintain communication under degraded connectivity
conditions.

Table 1
Key Performance Indicators (KPls) across different test scenarios. MOS and cybersickness are in 1-5 scale (ACR
and VSR respectively) [16]. Spatial and Social presence are in 1-7 scale [17].

Scenario 6 Thinking Hats [5] Treasure Hunt [6] Home Telecare [7] Remote Training [7]
Owl Version 2.0 2.0 2.0 3.0
Magnifier No Yes Yes Yes
Remote Users 1 2 1 1
Local Users 2 2 3 1
KPls Remote Local Remote  Local Remote Local Remote
QoE MOS 4.0 4.2 4.6 4.7 4.2 48" 4.8
Video MOS - N/A 3.1 N/A 3.6 N/A 4.3
Audio MOS - - 4.6 4.6 3.9 4.8% 4.1
Cybersickness (VSR) - - 3.9 N/A 4.1 N/A 4.9
Spatial Presence 4.7 N/A 5.9 N/A 6.8 N/A 6.9
Social Presence 5.2 5.2 5.8 5.8 6.7 6.7* 6.8

* These values are re-scaled from a 3-level scale adapted to people with intellectual disability



3. Low-friction explainability. Augmented information must remain immediately understandable
under stress, requiring adaptive interfaces that present guidance or alerts without overwhelming
users. In this respect, the evaluations carried out so far on adding supplementary information to
XRTC remain limited, and need to be extended to the emergency use case and to operation under
stress.
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