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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
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1 Scope

The present document describes use cases and aspects related to efficient communications service and cooperative
operation for agroup of service robots including:

0 exposure of information between application layer and communications layer;
0 support of on-demand high priority communications;

o KPIsfor large-scale group operation scenarios;

0 support of scalable and efficient use of communication resources,

0 requirements related to media applications specific for service robots; and

0 aspectsrelated to security, privacy and charging

that are relevant to support stable operation of service robots. This document also describes the existing service
requirements and potential correlation with other studies.

2 References

The following documents contain provisions which, through reference in thistext, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

2] 3GPP TS 22.104: " Service requirements for cyber-physical control applicationsin vertical
domains; Stage 1".

[3] 3GPP TS 22.261: " Service requirements for the 5G system; Stage 1".

[4] 3GPP TS 22.263, " Service requirements for video, imaging and audio for professional applications
(VIAPA); Stage 1".

[5] Next G Alliance Report: 6G Applications and Use Cases, May 2022,
https://www.nextgal liance.org/wp-content/uploads/dlm_uploads/2022/07/NGA -Perspective-
Brochure-V6.pdf

[6] K.-D. Lee, "A Smart Network of Service Robots: Technical Challenges and Design

Considerations," |EEE Communications Magazine, pp. 28-34, August 2021.

[7] K.-D. Lee and C. Gray-Preston, "Everyday Living Assisted by 6G Applications and Solutions,"
|EEE Wireless Communications Magazine, October 2022.

[8] W. Zhuang, Y. Shen, L. Li, C. Gao and D. Dai. “Develop an Adaptive Rea-Time Indoor Intrusion
Detection System Based on Empirical Analysis of OFDM Subcarriers.” Sensors (Basdl,
Switzerland). 2021 Mar;21(7):2287

[9] 1872-2015 |EEE Standard for Ontologies for Robotics and Automation

[10] 2755-2017 |EEE Guide for Terms and Conceptsin Intelligent Process Automation
[171] http://dictionary.ieee.org

[12] NIST https.//www.nist.gov/system/files/documents/el/isd/ks/AL FUS-BG.pdf
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[13] SAE ASAD Committee

[14] NIST, Autonomy Levels for Unmanned Systems (ALFUS) Framework;
https://tsapps.nist.gov/publication/get pdf.cfm?pub id=823618

[15] Multimodal Fusion for Objective Assessment of Cognitive Workload: A Review, September 2019
| EEE Transactions on Cybernetics PP(99):1-14, DOI:10.1109/TCY B.2019.2939399

[16] Data Fusion and 10T for Smart Ubiquitous Environments: A Survey, April 2017 |EEE Access
PP(99):1-1, DOI:10.1109/ACCESS.2017.2697839

[17] MPEG Use cases and requirements for Video Coding for Machines; https.//www.mpeg.org/wp-
content/uploads/mpeg_meetings/138 OnLine/w21545.zip

[18] 3GPP TR 22.886: " Study on enhancement of 3GPP support for 5G V2X services'.

[19] 3GPP TR 26.926: "Traffic Models and Quality Evaluation Methods for Mediaand XR Servicesin
5G Systems

[20] A.-L. Kim, et a., "Development of change detection algorithm using high resolution SAR
complex image,” in Proc. 2015 IEEE Asia-Pacific Conference on Synthetic Aperture Radar
(APSAR), Online: https.//ieeexplore.ieee.org/abstract/document/7306330

[21] G.W. Morgenthaler, et al, "Feasibility of Using a Miniature-UAV Remote-Sensing/Precision-
Agriculture System (MINI-UAV RSPA SPACE SY STEM) to Increase Crop Yields, Lower Costs,
Save Water, and Reduce Pollution of Air, Soil, and Water," Aerospace Research Central Nov.
2012. Online: https://arc.aiaa.org/doi/abs/10.2514/6.1AC-06-D3.2.09

[23] Juliet J. Lee, "Remote Sensing and Artificial Intelligence for Wildlife Conservation — A Survey,"
WPAC, 2023. Online: https.//wvwpac.wixsite.com/westview/post/remote-sensing-and-artificial -
intelligence-for-wildlife-preservation-a-survey

[24] E. Felemban, et al., "Underwater Sensor Network Applications: A Comprehensive Survey,"
International Journal of Distributed Sensor NetworksVolume 11, Issue 11, November 2015.
Online: https://journal s.sagepub.com/doi/epub/10.1155/2015/896832

[25] Ki-Dong Lee, “An efficient real-time method for improving intrinsic delay of capacity allocation
in interactive GEO Satellite networks,” |EEE Transactions on Vehicular Technology, vol 53, no.
2, pp. 538 — 546, March 2004. Online: https.//ieeexplore.ieee.org/document/1275718

[26] ITU-R Future technology trends towards 2030, Available online: https.//www.itu.int/en/ITU-
T/Workshops-and-Seminars/2023/0724/Pages/defaul t.aspx

[27] Statista, https.//www.stati sta.com/topics/1143/mining/

[28] 3GPP TS 22.847: " Study on supporting tactile and multi-modality communication services; stage
1 (Release 18)", 2022-03.

[29] Network-Enabled Robotic and Autonomous Systems, NextG Alliance, ATIS. May 2023.
Available online: https.//www.nextgalliance.org/white papers/network-enabled-robotic-
autonomous-systems/

[30] 3GPP TR 22.837, Study on Integrated Sensing and Communication — Stage 1.

[31] 3GPP TR 22.856, Study on Localized Mobile Metaverse Services— Stage 1.

3 Definitions of terms, symbols and abbreviations
3.1 Terms

For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term
defined in the present document takes precedence over the definition of the sameterm, if any, in 3GPP TR 21.905 [1].
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NOTE: Cited from |EEE 1872-2015 [9]

automated robot: A rolefor arobot performing a given task in which the robot acts as an automaton, not adapting to
changes in the environment and/or following scripted plans..

fully autonomousrobot: A role for arobot performing a given task in which the robot solves the task without human
intervention while adapting to operational and environmental conditions.

orientation measure: Essentially a measure (Measure in SUMO) attributed to a (physical) object (Object in SUMO)
concerning information regarding where the object is pointing to in relation to the reference object of the orientation
coordinate system.

orientation region: Defines aregion or interval orientation in relation to areference object (Object in SUMO). For
instance, the “south” interval of a compass constitutes an orientation region in the one-dimensional, circular coordinate
system of the compass. Eventually, position regions and orientation regions are referred by similar words. For instance,
itisvalid to say that arobot is at the north position, facing north. The former relates to a position region, i.e., the north
region of a given country; the later relates to an orientation region, i.e., the orientation interval around north on the
compass.

orientation value: A value in a coordinate system dencting a specific orientation. Orientation values in one coordinate
system can be mapped to other coordinate systems. An example of use of orientation value isin “the robot is oriented
54° in relation to the reference object.”

remote-controlled robot: A role for arobot performing a given task in which the human operator controls the robot on
acontinuous basis, from alocation off the robot, via only her/his direct observation. In this mode, the robot takes no
initiative and relies on continuous or nearly continuous input from the human operator.

robot actuating part: A rolefor devices (Device in SUMO) that allow for the robot to move and act in the surrounding
environment.

robot communicating part: A role for devices (Devicein SUMO) that serves as instrumentsin a robot, robot
communication process or a human-robot communication process by allowing the robot to send (or receive) information
to (or from) arobot or a human.

robot group: A group (Group in SUMO) of robots organized to achieve at least one common goal.
robot processing part: A role played by processing devices which allows the robot to process information.

robot sensing part: A role played by any measuring device (MeasuringDevice in SUMO) that allows the robot to
acquire information about its environment.

robot: An agentive device (Agent and Device in SUMO) in a broad sense, purposed to act in the physical world in order
to accomplish one or more tasks. In some cases, the actions of arobot might be subordinated to actions of other agents
(Agent in SUMO), such as software agents (bots) or humans. A robot is composed of suitable mechanical and electronic
parts. Robots might form social groups, where they interact to achieve a common goal. A robot (or a group of robots)
can form robotic systems together with special environments geared to facilitate their work.

semi-autonomousrobot: A role for arobot performing a given task in which the robot and a human
operator plan and conduct the task, requiring various levels of human interaction.

teleoperated robot: A role for arobot performing a given task in which a human operator, using sensory feedback,
either directly controls the actuators or assigns incremental goals on a continuous basis, from alocation off the robot. A
teleoperated robot will complete itslast command after the operator stops sending commands, even if that command is
complex or time-consuming.

tandem sub-network: a group of robots (as a UE) that are serially connected to each other for atraffic session.

NOTE: According to this definition, atandem sub-network can have aring. For example, robot A is connect to
robot C via an intermediate robot B for atraffic session, it is said that these three robots have formed a
tandem sub-network. If robot A has two different pathsto robot C for asingle traffic session, one via
robot B and the other viarobot B2, these four robots are also said to have formed a tandem sub-network.

Editor’s Note: The above definition is FFS.
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3.2

Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in

3GPP TR 21.905 [1].
ALFUS Autonomy Levels for Uncrewed Systems
ASR Automatic Speech Recognition
NLP Natural Language Processing
NLU Natural Language Understanding
ORA Ontology for Robotics and Automation
R&A Robotics and Automation
RCS Rich Communication Services
SOBOT Service Robot
SUMO Suggested Upper Merged Ontology
TTS Text To Speech
VOLTE Voiceover LTE
VoNR Voice over NR

4

Overview

The present document addresses the existing and expected roles of communications in supporting operational models of
service robots, focusing on two main collaboration modes within a group operation model. Maintaining high
communication availability is crucial for optimal robot group performance. The passage al so emphasizes the importance
of timely event-related information sharing, mentioning relevant studies and normative requirements. The document aims
to analyse and document 3GPP 5G system support for groups of service robots in various usage scenarios, considering
spectrum usage and diverse requirements from the robotics industry. Some of the features and aspects related to
communication support for robot applications and group operations (such as those described in TS's 22.186, 22.125,
22.261, and 22.263) are also listed as 'Related existing service requirements' in each use case. Additionally, some related
studies and deployment scenarios are summarized in Clause 6.

In this overview, various applications of service robots are discussed across different scenarios:

Building 3D Mapsin Unstructured Environments (5.1): Energy-efficient robots collaborate to create 3D mapsin
areas such as cleaning, disinfection, and agriculture. They adapt actions based on environmental conditions,
emphasizing accuracy while optimizing computing and communication resources.

Enhancing Security Protection (5.2): Robots and security staff collaborate for patrolling, target identification,
tracking, and alarm reporting in specific areas. Synchronized transmission ensures real-time response to security
events, improving overall security.

Smart Cooperation for Data I ntegration (5.3): Robots collaborate to build an information set through data and
sensor fusion, sharing real-time data and deciding on raw or pre-processed data transmission based on fusion
levels. Applications explored include diverse underwater sensor networks.

Service Robots with Visual Sensors (5.4): Robots equipped with visual sensors focus on indoor video
surveillance and intelligent transportation. They detect security events, recognize objects, and share processed
data for enhanced situational awareness. Machine interpretation and optimized bandwidth usage are prioritized.

Service Robots in Continuing Care Retirement Communities (5.5): Robots assist in crime prevention, medical
emergencies, natural language processing, and gesture recognition in care communities. They patrol, respond to
emergencies, control smart home appliances, and deliver groceries, enhancing safety and support for residents.

Voicebots for Spoken Conversations (5.6): Voicebots aid individuals, especially the elderly, in accessing digital
services and information. They operate through speech-to-text processing, audio sample transmission, and voice
calls, ensuring real-time, natural conversation experiences.

Geo-surface Sensing and Multi-access Edge Computing (5.7): Geo-surface sensing applications generate vast
data, requiring efficient preprocessing. M ulti-access Edge Computing (MEC) enhances service robots
performance and efficiency, enabling innovative applications in navigation, object recognition, and human-robot
interaction.
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- Robotsin Mining (5.8): Robots perform diverse roles in the mining industry, including exploration, drilling,
hauling, inspection, maintenance, and environmental monitoring. They operate in extreme conditions, enhancing
safety and efficiency. Enhanced communications and sensing networks are crucia for underground mining
operations.

Each scenario highlights specific challenges and technologies faced by service robotsin different contexts, ranging from
security and safety applications to data integration and mining operations.

5 Use cases

5.1 Online cooperative high-resolution 3D map building

51.1 General description

This use case considers alow-energy (or energy-efficient) cooperation scenario to collaboratively build a 3D map
among a group of multiple robots, aiming at usage for unstructured settings, such as enterprise building cleaning,
preparation for disinfection of large-scale building, and automation for agriculture. With cooperation among multiple
robots gathering measurement data, it would be possible to either save energy or build a better quality outcome, or to
attain both [5-7].

NOTE 1: Some aspects related to “automation for agriculture” can also be studied with a combined scenario of
ground mobility and aerial mobility.

NOTE 2: The meaning of “map” in this use case is not necessarily limited to geographic appearance but it may also
include still life objects that are useful or essential for robots working in an irregular and/or unstructured
Setting.

A group of service robots that are equipped with capabilities of multi-dimensional ambient sensing, computing
(standal one and/or via compute fabric), federation in learning and model building, and 3GPP subscription-based
communication, are in cooperation for asingle joint project.

The availability of communication service to/from edge (or cloud) is threefold: not available, temporarily unavailable,
or available (for certain period of time; positive interpretation although the term “available” does not mean
“permanently available”).

NOTE 3: This use case is mostly focused on ProSe-based operation (also, referred to as “ProSe-enabled”) with
partial or intermittent connection to NG-RAN (or to edge server viaNG-RAN).

The edge (aserver), if available for one or more of these service robots, will assist them to alleviate their computational
burdens (that are or are not within the scope of 3GPP), giving rise to ademand of accessing service-specific network
slice(s) or other forms of network resources with certain performance requirements.

An operator of robotic applications starts operating a group of service robots which are UEs.
These service robots discover each other and share their capabilities.

NOTE 4: For each service robot (UE), capabilities include certain characteristics such as types of supported RATs
(e.g., NR, E-UTRA, or non-3GPP access technology) and information that are not within the scope of
communications layer, such as remaining battery life.

All or some of these service robots form a working group (with one or more leader robots) and starts communicating.

Member robots send measurement data to a leader robot so that the leader robot can perform the next step to build a 3D
map.

NOTE 5: The roles of leader robot(s) include coordination required for the operation of the working group of service
robots, such as acting as sync master for other robots (sync devices) within the working clock domain.

These service robots scan environmental parameters, including 3GPP service availability, and collaboratively decide
which operational scenario they should choose (i.e., Uu-based or ProSe-based, also referred to as ProSe-enabled).
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Each service robot in the working group walks in coordination with each other, forming a gregarious cluster (i.e.,
distance between any pair is not unnecessarily far, degrading the performance of map building outcome).

Each service robot is exposed to uneven surface along its trgjectory (e.g., signal angle measurement is not static,
unpredicted loss of measurement accuracy level islikely to happen).

Depending on the accuracy level of 3D map at certain spot of the job site and decision made by the leader robot(s), the
application layer of the leader robot requests to adjust the clock synchronisation target value within the clock
synchronisation budget.

While moving along, one member robot, say robot A, faces some issue, resulting an unexpected drop in the moving
Speed.

Member robot A has aready predicted this issue beforehand: its follow-up actions include reporting this information to
aleader robot and marking time stamp on the measurement data with this outlier situation.

It is up to member robot A whether or not, to send the measurement data with outlier indication to aleader robot.

It isup to the leader robot whether or not, to use the received data with outlier indication, if received from member
robot A, for 3D map building.

Later, member robot A gets alittle bit away from the gregarious cluster, leading to atemporary loss of connection to a
relay UE robot (or to gNB in Uu-based scenario). Member robot A promptly resumes a connection.
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Fig. 5.1.1-1: Inter-robot operation example when a network of service robots that have ambient
intelligence (e.g., intra-robot operation) are in cooperation for a joint project [5,7].

The working group of service robots can build up 3D map with only necessary level of accuracy so that they do not
have to consume computing and communication resources to build up a 3D map of an areathat is overly accurate.

Also, for an important area, they could adjust the level of accuracy.

They could prevent potential noise factors that could have contributed to the quality of 3D map with the help of
prediction-based indication.

A robot that has instantaneously lost a connection can resume a connection very promptly and send time-critical
information to other member(s).
5.1.2 Related existing service requirements
Clock synchronisation: 3GPP TS 22.104 [2]
- clause 5.6.1 Clock synchronisation service level requirements
- clause 5.6.2 Clock synchronisation service performance requirements
- clause 7.2.3.2 Clock synchronisation requirements

Timing resiliency: 3GPP TS 22.261 [3]
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- clause 6.36.2 Genera requirements to ensure timing resiliency

- clause 6.36.3 Monitoring and reporting

- clause 6.36.4 Exposure
Multi-path relay: 3GPP TS 22.261 [3]

- clause 6.9.2.1 support of atraffic flow of aremote UE via different indirect network connection paths
Positioning: 3GPP TS 22.261 [3]

- clause 7.3.2 High accuracy positioning performance requirements (see also clause 5.7.1 of 3GPP TS 22.104 for
Factory of the Future scenario)

Service continuity: 3GPP TS 22.263 [4]

- clause 5.5 Service continuity

5.1.3 Challenges and potential gaps

The following applicable aspects are identified and recommended for further study and can be further considered with
other ongoing or recently completed Studiesif applicable.

[CPG-5.1.3-001] 5G system is expected to be able to provide a means to ensure a very high accuracy level of clock
synchronization to support that a group of service robots can build up 3D map collaboratively (i.e., synchronization
among service robots within a collaborating group and synchronization among the multiple sources related to the
respective service robots) in which the accuracy level is required by the applications layer.

NOTE 1: Clock synchronization accuracy is provided by 5G system in order to support applications that require
time-sensitive communication. Depending on what is required by the robot application layer a higher
accuracy level is expected. In scenarios where a group of robots connected to each other via multi-hop,
the current accuracy level of clock synchronization (e.g., Cooperative carrying — fragile work pieces;
(A.2.2.5), Table 7.2.3.2-1, 3GPP TS 22.104) [ 2] might not be sufficient. It is also discussed that a smaller
clock synchronization budget might be necessary to support collaborative robots (cobots) scenarios where
there are further network elementsin the robots behind the UE.

[CPG-5.1.3-002] 5G system is expected to be able to ensure the integrity and validity of clock synchronization for a
designated length of time when a group of service robots are in ProSe-based operation outside the coverage area served
by NG-RAN.

NOTE 2: The time length is dependent upon the type of project and is required by a service robot’s application.

[CPG-5.1.3-003] If the integrity and validity of clock synchronization cannot be ensured for a designated length of time,
the 5G system is expected to notify the application.

[CPG-5.1.3-004] 5G system is expected to be able to provide a means for UE(S) to adjust the accuracy level of clock
synchronisation.

[CPG-5.1.3-005] 5G system is expected to be able to provide a means to share the accuracy level and integrity-related
information of clock synchronization with the cloud (in Uu-based scenario) or with the leader robot (in ProSe-based
scenario).

[CPG-5.1.3-006] 5G system is expected to be able to provide a means to resume the connection when an ongoing
connection is disrupted (e.g., due to radio link failure b/w arobot and the communicating counterpart) within avery
short period of time, required by the applications layer.

NOTE 3: The current time period for securely reconnecting is required to be less than 1s. Robotic applications that
perform critical roles may reguire much shorter time period: <100ms for critical, <10ms for highly
critical.

NOTE 4: The requirement is not intended to cover scenarios where the service robot experiencing more severe
levels of disruptions, such as 3GPP registration state changes.
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[CPG-5.1.3-007] 5G system is expected to be able to provide a means to allow a member robot that has predicted
communication disruption or measurement failure to disseminate necessary information, which is required by the
applications layer, to one or more destinations within a very short period of time required by the applications layer.

NOTE 5: The required time period is application dependent (e.g. <100ms for moderate level of disruption, <10ms
for critical level of disruption). The above CPG isintended for both RRC Connected mode and RRC-
Inactive mode. It is not intended that the above CPG is applicable to RRC Idle mode.

[CPG-5.1.3-008] Based on the request from the application (e.g., from an application of the leader robot in a robot
group, or from an application in the cloud server), 5G system is expected to be able to determine a specific areain
which the system could adjust the accuracy level of clock synchronization, and to be able to provide a means to expose
the network capabilities (e.g. capability of monitoring “clock synchronization accuracy level”) and the monitoring
results (e.g. the accuracy level measured in the area of interest) to the application.

NOTE 6: Possible scenarios regarding the referred robot group include a group of “automated robots’, a group of
“fully autonomous robots’, a group of “tele-operated robots’, and a group that consists of a suitable
combination of those kinds of robots.

NOTE 7: See Annex B for an example scenario for robot applications to adjust the accuracy level of clock
synchronization provided by 5G. The accuracy level that 5G system provides might differ depending on
their availability and the level that the application layer requires might differ depending on the time and
environment their task is being performed.

NOTE 8: In 3GPP TS 22.104 [2], Table 5.6.2-1 presents various scenarios that require different clock
synchronization accuracy levels. The above CPG (i.e., [CPG-5.1.3-008]) is intended for a specific
application or task of arobot (or a group of robots) that may need to adjust the clock synchronization
accuracy level dueto changes in application or due to changes in 5G system’s capability.

5.2 Real-time cooperative safety protection

5.2.1 General description

This use case considers the collaboration between security staff and robots to complete security protection of acertain
geographical area, including patrolling based on the configured route, target identification, target tracking, intelligent
detection, alarm report, etc. The security protection task requires real-time information sharing among robots, security
staff and remote security controller. In addition, the decision or adjustment of security protection schemes, which may
be made by aleader robot, a security person or aremote security controller, also needsto be received and executed by
all the participants (e.g. robots or security staff) synchronously. Through the real-time collaboration among robots,
security staff and remote security controller, the performance and efficiency of security protection can be improved.
The real-time cooperative safety protection also can reduce the labour intensity and work risks of security staff, as well
asthe cost (e.g. the number of security staff).

For example, one of the most important features of smart factory is safety production solution. Robots play an important
role in smart factory. A group of robots equipped with cameras and sensors are used to collect and report real-time
information periodically according to the configured route. The security protection decision maker can be aleader
robot, a security person or a remote security controller. Based on the latest global information, the decision maker
determines whether there is a security event and how to respond. The potential events of security protection contain
intrusion detection, fall detection, smoke and flame identification, critical access occupancy identification, helmet
identification, etc.
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Fig. 5.2.1-1: Real-time cooperative safety protection

A group of robots equipped with cameras, sensors and 3GPP-based communication capabilities (e.g. direct network
connection, indirect network connection or both) cooperatively work together to complete security protection of a
certain geographical area. According to the complexity of the security protection task, the intelligence level of robots
and the quality of communication service, a security person equipped with a 3GPP-based UE or aremote secure
controller may be needed.

A security protection task is configured and started, which includes patrolling based on the configured route, target
identification, target tracking, intelligent detection, alarm report, etc. A leader participant is chosen according to the
complexity of the security protection task, the intelligence level of robots, the quality of communication service, etc.
The leader participant isin charge of collecting the latest information from other participants and determine the control
information for other participants based on the latest global information. The leader participant can be a security person,
aleader robot or aremote security controller. These three cases can be switched or used collaboratively. Taking a
security person as the leader participant for example, service flows are described as follows.

1. Robotsand the UE of security staff in the same security protection task discover each other and share their
capabilities. The capabilities include both communication capabilities and service capabilities (e.g. sensor type,
leader participant capability).

2. Based ontheinitial configuration, the leader participant (the UE of a security person) receives the latest
information (e.g. location, target characteristic update, camerainformation, channel state information) from other
participants (e.g. robots, other security person) periodically. The time period is about 1msto 100ms depending on
the security protection task. For example, the sampling rate of indoor intrusion detection is 50Hz (20ms) in [8].
When the camera information of each UE is video steam, data packets from a frame or video dlice [19] are relevant.
In some implementations al the data packets are needed, if some data packets are missing other data packets are
useless. Therefore, to save the resources, when some data packets of a frame or video dlice cannot be transmitted on
time, other data packets from the same frame or video dlice shall be discarded.

3. A singlerobot can only provide limited partial information, which is generally not enough for making decision.
One of the potential processing methods is shown in Fig. 5.2.1-2, after the leader participant receives all the
participants' data arrived in the first decision period (e.g., in the blue block, the leader participant processes all the
datain the blue block to generate the global information. when some data packets of a participant cannot be
transmitted on time, other data packets of other participants with the same time stamp shall be discarded to save
network resources.

Based on the global information, the leader participant decides whether there is a security event (e.g. intrusion, fall,
smoke, flame). The decision maker determines whether thereis an intrusion every 100msin [8]. Ideally the packet
data of each participant with the same time stamp shall arrive at the leader participant at the same time. However,
the channel statusis different for all robots, which will lead to different QoS for the data transmission (e.g.,
transmission delay, reliability). In some cases, the data packets of a participant often arrive at the leader participant
in the last 20ms. Although the data packets of other participants can arrive at the leader participant in the first
20ms, the leader participant still need to cache the received data (for at most 80ms) to wait for data from the last
participant. Moreover, the decision cannot be processed until the last data arrives, which means higher computing
capability is required. Considering the power consumption and size of UE/robot, the capacity of computing and
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cache/storage is limited. Synchronous transmission among the participantsis required to save storage and simplify
the processing logic of the UE/robot.

4. If the leader participant detects a security event based on the processing in step 3, the leader participant decides
how to respond and sends control information to other participants. Upon receipt of the control information, all the
participants will execute their own respond task cooperatively: some participants may move to their target locations
at the specified time, some participants will track the specific target, other participants may broadcast alarm tone,
etc.

5. Repeat step 2~4 until the security protection task is completed. The participants can use direct network connection
or indirect network connection to communicate with each other based on the quality of communication service of
each link.

When one of robotsisthe leader participant, the performance requirement of synchronized transmission may be stricter.
Even the leader robot usually iswith higher computing capability and intelligence level, it still needs more time to
process information, hence the time for communication would be shorten. When the remote security controller isthe
leader participant, the latency of wireless network transmission may be shorter because of the longer distance.
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Fig. 5.2.1-2: The schematic diagram of data transmission in a safety protection task

All the participants can share latest information synchronously and execute real -time control cooperatively. The
assigned security protection task can be completed efficiently.

5.2.2 Related existing service requirements

Clock synchronisation: 3GPP TS 22.104

- clause5.6.1 Clock synchronisation service level requirements
- clause 5.6.2 Clock synchronisation service performance requirements
- clause 7.2.3.2 Clock synchronisation requirements

Packet Delay Budget: 3GPP TS 23.501
- clause5.7.4 Standardized 5QI to QoS characteristics mapping

TS 22.261 does not contain any requirements for synchronization transmission of multiple UEs.

5.2.3 Challenges and potential gaps

The following applicable aspects are identified and recommended for further study and can be further considered with
other ongoing or recently completed Studies if applicable.

[CPG-5.2.3-001] 5G system is expected to be able to provide a means to ensure synchronous arrival of associated data
transmission for a collaborating group of UEs within a defined accuracy level.

[CPG-5.2.3-002] 5G system is expected to be able to provide a means to support resource efficient data transmission
when some data from one UE in a group is not needed according to the synchronization need required by trusted 3™
party for the collaborating group that the UE belongs to.
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NOTE: CPG-5.2.3-002 focuses on preventing further data being transmitted by group members after a trusted 3/
party has determined that the synchronization needs are not met for the time period.

5.3 Smart Communication Support for Data Collection and
Fusion Using Multimodal Sensors in Multi-Robot / Multi-
Agent Scenarios

5.3.1 General description

This use case considers a smart cooperation scenario for a group of robots to collaboratively build an information set
(e.g., dataset or knowledge base in Al/ML) through data/sensor fusion [15] when the fusion of data from multimodal
sensors is conducted by a group of robots.

NOTE: Theterm “fusion” in “datafusion”, “sensor fusion” and so on, is aso exchangeably used as “integration”.

The term “smart” isintended to suggest a concept of consuming low-energy, energy-efficient, resource-efficient and/or
situation-aware means of communication to support an intended fusion task for the group of robots.

The use of “levels of fusion” is expected to help the United Nations Sustainability Development Goals (SDGs) in
several aspects.

Providing that the 5G advanced technology enablers are designed in resource-efficient ways for various types of
resources (e.g., radio resources, network resources, material, such as battery related), such considerations can aso help
provide affordable 6G servicesin the society, especially when certain groups of residents, patients, public-safety
officers, or underrepresented need the communication services the most at a critical point in timein their everyday
living. Refer to Annex <A> for some examples that have already been identified.

There are various scenarios of multi-robot / multi-agent group operations in which a robot should be able to identify
certain information (e.g., detecting an object, detecting multiple objects at the same time) or collect data that should be
shared with other robots in that group in real-time. Fig. 5.3.1-1. shows two examples.

When arobot in agroup begins to collect certain data (or information), the robot should determine what it should do
with the data, such as whether to share the data without any pre-processing inside the robot (i.e., applications layer role
utilizing some input coming from the communications layer), or to perform certain level of pre-processing before
sharing the processed form of data with other participants (or participating robots) in the group for a certain task.
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Fig. 5.3.1-1: Examples of using sensor data where objects are in different dimension/size and/or in
different ranges. (a) Two distinct objects (A and B) of the same size at the different range (b) Two
distinct objects (A and C) of different sizes at the same range (approximately).

Fig. 5.3.1-2 shows an example where both communication needs (i.e., sensor data that are outcome of one of multiple
levels of fusion process inside the originating robot) and communication opportunities (i.e., how much communication
resources are likely to be available for arobot when there are multiple robots in place) are fluctuating, leading to a
complex scheduling load onto 5G systems, such as at a RAN node or a CN node.

In order for 5G systems to be able to efficiently and reliably support the dynamic need of transmission opportunities, it
is necessary to ensure that robots (as a UE) should be provided with a suitable means to share their intents (e.g., levels
of fusion, desired amount of traffic to transmit at certain point in time).
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Fig. 5.3.1-2: Example of different levels of communications opportunity need (or transmission
opportunity need) under a combination of normal and challenging (or extreme) communication
conditions. Both communication needs (e.g., traffic volume and communication link availability) can
be different and dynamically fluctuating subject to changes in a given environment.

Figures 5.3.1-3a presents some examples of underwater sensor network applications and their classifications, as
presented by Felemban et al. [24]. Figures 5.3.1-3b presents a common architecture for underwater sensor network
(UWSN). The authors presented several categories of applications, such as monitoring applications, disaster
applications, military and assisted navigation applications, based on a few underwater models:

o 1D-UWSNArchitecture. One-dimensional- (1D-)UWSN architecture refersto a network where the sensor

nodes are deployed autonomously.
e 2D-UWSN Architecture. Two-dimensional- (2D-) UWSN architecture refers to a network where a group of

sensor nodes (cluster) are deployed underwater.
e 3D-UWSN Architecture. In this type of network, the sensors are deployed underwater in the form of clusters

and are anchored at different depths.
e 4AD-UWSN Architecture. Four-dimensional- (4D-)UWSN is designed by the combination of fixed UWSN, that

is, 3D-UWSN and mobile UWSNSs.
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Fig. 5.3.1-3a: Examples of underwater sensor network applications [24].
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Fig. 5.3.1-3b: Underwater sensor network architecture [24].
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5.3.2 Related existing service requirements
Clock synchronisation: 3GPP TS 22.104

- clause5.6.1 Clock synchronisation service level requirements
- clause 5.6.2 Clock synchronisation service performance requirements
- clause 7.2.3.2 Clock synchronisation requirements

NOTE 1: The types of sensor data and media that robots are collecting, pre-processing and sharing with each other
and/or with edge cloud (or edge server, cloud server) are related to the need of fulfilling the above sets of
requirements. Clock synchronization requirements are mostly related to ProSe communication scenarios.

Timing resiliency: 3GPP TS 22.261

- clause 6.36.2 Genera requirements to ensure timing resiliency
- clause 6.36.3 Monitoring and reporting
- clause 6.36.4 Exposure

NOTE 2: Timing resiliency is considered as a set of preconditions that ensure the “clock synchronization” especially
when robots (as a UE) or the leader robot(s) (as opposed to “robot followers”) are served by at least one
PLMN.

Multi-path relay: 3GPP TS 22.261

- clause 6.9.2.1 support of atraffic flow of aremote UE viadifferent indirect network connection paths
Service continuity: 3GPP TS 22.263

- clause 5.5 Service continuity

NOTE 3: Service continuity is not necessarily related to all types of sensor data and media.

The following aspects are considered as potentially covered by the existing service requirements (Refer to Table 5.3.2-
1). It is FFS whether there exist some gaps that are not identified.

Table 5.3.2-1: Support of communications layer adaptive to the use of different levels of fusion and to dynamic
changes of communication resource availability.

Approach by “Levels of Existing features / requirements Remarks
Fusion”
Thee-level approach [CPG-5.3.2-002a] [Underground model] 5G system is

expected to be able to support up to [TBC] robots with a
deployment and operation model with a range of less than
[10 m] (depth) x [50 m] (radius, horizontal range).

(NOTE 1)

[CPG-5.3.2-002b] [Near-ground surface model 1] 5G system
is expected to be able to support up to [TBC] robots with a
deployment and operation model with a range of less than
[10 m] (height) x [500 m] (radius, horizontal range).

(NOTE 2)

[CPG-5.3.2-002c] [Near-ground surface model 2] 5G system
is expected to be able to support up to [TBC] robots with a
deployment and operation model with a range of less than
[10 m] (height) x [50 m] (radius, horizontal range).

(NOTE 3)
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[CPG-5.3.2-002d] [Underwater model] 5G system is
expected to be able to support up to [TBC] robots with a
deployment and operation model with a range of less than
[50 m] (depth) x [1000 m] (radius, horizontal range on water
surface).

(NOTE 4)

NOTE 1: Radio propagation characteristics can affect the performance but are not the scope of stage-1 study.

NOTE 2: Model 1 is related to initial search in, e.g., urban search and rescue scenarios.

NOTE 3: Model 2 is related to intensive search in, e.g., urban search and rescue scenarios.

NOTE 4: The path loss exponent for underwater (Line of Sight) ranges from 2 to 4. However, compared to fresh water
conditions, the seawater is known to have a higher value of water conductivity (greater than 2) and to have
a higher absorption loss of electro-magnetic waves.

5.3.3 Challenges and potential gaps

The following applicable aspects are identified and recommended for further study and can be further considered with
other ongoing or recently completed Studiesif applicable. The following aspectsin Table 5.3.3-1 are expected to be
supported.

Table 5.3.3-1: Support of communications layer adaptive to the use of different levels of fusion and to dynamic
changes of communication resource availability.

Approach by “Levels of Challenges and potential gaps Remarks
Fusion”
Thee-level approach [CPG-5.3.3-001] 5G system is expected to be able provide a

suitable means with a very high efficiency and reliability to
accommodate the dynamic changes at a robot’s application
layer related to traffic demand (e.g., caused by using
different levels of data/sensor fusion within a robot.

(NOTE 1)

Editor's Note: In the above CPG, the degrees of efficiency
and reliability are FFS.

[CPG-5.3-002] The 5G system is expected to provide a
suitable means for the application layer of robots, based on
its availability and capability to allocate network resources
(e.g., network slice) specifically for robot applications.
NOTE 2: This allows for suitable adaptations in the
communication layer, addressing dynamic changes
occurring in a robot's application layer

Six-level approach FFS

(NOTE 3)

NOTE 1: Examples include a suitable API that can support many intra-robot sessions between robot’s applications
layer (e.qg., “robot sensing part”, “robot processing part”, “robot actuating part”) and communications layer
(e.g., “robot communication part”).

NOTE 3: It is considered more complex to apply, compared to three-level approach due to the increased
guantity/dimension of computation and communication needs.

54 Media-related use cases

54.1 General description

54.1.1 Video surveillance

The use cases focus on media aspects of service robots composed of visual sensors such as cameras and equipped with
capabilities to analyse video signals (e.g. feature extraction, object tracking and detection...) and are able to process this
information (i.e., take consequent action). Those use cases are directly related to the standardization effort in MPEG for
defining a media compression format called Video Coding for Machines (VCM). Associated MPEG use cases and
requirements are available [17].
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This use case addresses the scenarios in which automatic object detection and tracking is achieved with video cameras.
Oneillustration is the monitoring of indoor environments in which features of the captured video need to be extracted,
such as intrusion detection, fire detection, trusted individuals recognition.The basic service configuration is depicted in
the Figure 5.4.11.-1 below.

/ Sur\reillancel
Cameras

i Human | _
Supervisor | i :
| P ~ =
I
——————— ) Front-end
\ Devices

Figure 5.4.1.1-1: Use case on video surveillance

In this scenario, video cameras capture a video stream together with related features extracted from pre-processing such
as object detection and tracking and are sent to the back-end server for analysis and processing.

The uplink bandwidth is expected to be used in an optimized way in a configuration in which there is no need for
human understandability of the signal. The image quality requirements are thus limited to the machine interpretation.

54.1.2 Intelligent transportation

In asmart traffic system, cars may need to communicate features between each other and other sensorsin order to
perform different tasks. Sensors in the infrastructure may communicate features towards different vehicles, which then
use these features to do object detection, lane tracking, etc. Final processing of these features is done on the individual
vehicles.

An exampleisillustrated in Figure 5.4.1.2-1. The front car with multiple cameras sees the surrounding environment and
detect and recognize objects such as cars, pedestrians, or street furniture or even recognize events such astraffic jams or
accidents potentially using (deep) neural networks. The processed data (feature maps) may be consumed internally for
desired tasks and/or the extracted features may be compressed and transmitted to other surrounding carg/infrastructure
(e.g., side road cell/grid) for further analysis. Sending a standardized compact bitstream is essentia for interoperability
between various vendors, 1oV (Internet of Vehicle), and 10T (Internet of Things) applications.
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Figure 5.4.1.2-1: Use case on V2X communications

The bandwidth is expected to be used in an optimized way in a configuration in which there is no need for human
understandability of the signal. The image quality requirements are thus limited to the machine interpretation.

5.4.2 Related existing service requirements

Thereis no service requirement known that relates to the bitrate efficiency of robotics video signal, however the
Release 16 study on enhancement of 3GPP support for 5G V2X servicesin TR 22.886 [18] describes the KPIsfor video
data sharing particularly for machine-centric video data analysis. The following parameters are used as related KPIs:

- Latency: lessthan 10ms;
- Datarate 100 — 700 Mbps; and
- Reliability 99.99%.

5.4.3 Challenges and potential gaps

The following applicable aspects are identified and recommended for further study and can be further considered with
other ongoing or recently completed Studiesif applicable.

Functionality aspects:

[CPG-5.4.3-001] 5G system is expected to convey media signals for machine type communications that support feature
extraction and descriptor signalling.

NOTE: The type of feature and descriptor is out of scope of this document.
Efficiency aspects:

[CPG-5.4.3-002] 5G system is expected to meet the service requirements to enable communication between robots
using media formats offering at least a better compression efficiency than the 3GPP codecs aready specified for human
consumption.
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5.5 Smart community

55.1 General description

This use case considers the service robots in Continuing Care Retirement Community (CCRC). CCRC isthe
community that provides the continuing care for the elderly. There are several types of assistance and care required in
the community. First is the independent living, in which residents could take care of themselves and require limited
assistance from the assistants. Second is the assisted living, in which residents need help as needed with daily tasks such
as bathing and dressing. Third is the 24-hour nursing home care, which usually in a dedicated skilled nursing facility.

The service robots within the community could help to maintain and improve the liveability of the community. CCRC
requires alot of labour to take care of the residents, therefore, service robots could help by liberating the work from
human beings.

There are multiple types of robots served in the community:
1) patrol robotsfor crime prevention:

Service robots could be equipped with cameras or sensing entities that could record the surroundings or do sensing
service. The service robots could record the videos or take photos of the surroundings and then send the video or photo
to the server for processing and detect the potential crime. The service robots might not have the computation and
resources to process the gathered information from itself, in order to have rapid action on the potential crime, the video
or photo could be uploaded to the local edge server for processing.

Also, patrol robots could help with the community security and personnel security, such as detecting the fallen elderly
around the community for a quick rescue. There could be uncrewed aerial vehicle patrol robots and patrol robots on the
ground as shown in the following figure.

The cellular coverage usually doesn’t cover the whole community. Relays could be placed within the community to
extend the cellular coverage for ensuring the communication of the patrol robots, for example, placing them with the
surveillance cameras, which are assumed to be well located within the community.
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Fig. 5.5.1-1: Patrol robots in the CCRC.

Daily patrolling:

1. When the patrol robot isin weak cellular coverage, it automatically switchesto the indirect network connection. It
could connect to the base station via the stationary relays that are placed with the surveillance camera. When it detects
the connection to the base station is well enough, it would switch to the direct network connection. When the patrol
robots send the surveillance video to the control centre, they could establish multiple indirect network connection paths.

2. The patrol robot would take videos or photos when it detects the security event fromits sensing unit and send to the
control centre.

3. During the daily patrolling, the patrol robots might detect the risk of the community safety (e.g. the thief) and the
patrol robots will track the thief and report the real-time location to the security department. According to the report
from the patrol robots, the security department might provide tracking assistant information and tracking instructions to
the patrol robots from its surveillance system. The patrol robots are moving around the community and the connection
paths might be changed during the movement of the patrol robots. Service continuity is required for robots to get clear
instructions for tracking.

Medical assistance event:
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Fig. 5.5.1-2: Medical assistance event with patrol robots.

1. When an elderly feels uncomfortable at home, he/she could ask for medical assistance from the control centre of the
CCRC by pressing a bottom in his’her home. The control centre would dispatch the nearest patrol robots for measuring
and monitoring the vital signs of the elderly, such as heart rate, blood pressure and blood oxygen by connecting with the
sensing devices.

2. In order to dispatch the nearest patrol robot, the control centre should obtain the location information of the patrol
robots, and the patrol robots should be equipped with dynamic path planning to find the nearest path. Communication
between the control centre and the patrol robots could be direct network connection or indirect network connection.

3. The patrol robot gets atemporary authorization to connect to the elderly personal smart devices to monitor his/her
health condition.

4. When the patrol robot arrives, it connects with the smart watch that the elderly iswearing or smart devices at home
with sensing capabilities, which could monitor the vital signs. The vital signs of the elderly could be transmitted to the
first-aider via the smart watch and the patrol robot. Also, the patrol robot is equipped with camera that could capture the
live video of the elderly for health monitoring. The live video from the camera and the vital signs transmission should
be synchronised.

5. Once thefirst-aider arrives, the first-aider could operate the medical treatment immediately.
2) natural language or gesturerecognition from the servicerobots;

Residents could use the service robots with natural language processing capability for smart home appliances, e.g. smart
refrigerators, smart speakers, and smart washing machines. Additionally, the gesture recognition capability of the
service robots could aso help with the remote control of smart home appliances. Natural language and gesture
recognition requires processing capabilities, and the traffic of voice or video could be offloaded to the edge server for
processing meeting the low latency requirement compared with communication via the cloud computing.

3) smart transportation for delivery robots:

Service robots could help to deliver the grocery or parcels to customers. Smart delivery route planning could be based
on the local map of the community. The local map might include the privacy information of the resident, which could
be stored at the local edge server for privacy consideration.

NOTE: Depending onregional or national laws, adelivery robot is considered in a different ways: (@) if they are
considered as a vehicle (e.g. in South Korea) they should follow the rules that a regular road vehicle does
and some or al of V2X-related aspects are suitable for service scenarios; (b) if they are considered as a
vulnerable road user under certain conditions (e.g., speed limit, weight limit), they are allowed to operate
in sidewalks (e.g., in State of Pennsylvania) .
5.5.2 Related existing service requirements
Indirect network connection: 3GPP TS 22.261
- Clause 6.9 connectivity models requirements
Positioning: 3GPP TS 22.261
- Clause 6.27.2 Positioning services requirements

Management of a PIN: 3GPP TS 22.261

- Clause 6.38.2.2 Authorizing/deauthorizing PIN Elements with Management Capability
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Efficient user plane: 3GPP TS 22.261
- Clause 6.5 efficient user plane
V2X aspects: TS 22.186
- Clause 5.3 Advanced Driving
- Clause 5.5 Remote Driving

NOTE: V2X aspects are suitable for service scenario in countries or regions where adelivery robot is considered a
vehicle (e.g., in South Korea).

5.5.3 Challenges and potential gaps

The following applicable aspects are identified and recommended for further study and can be further considered with
other ongoing or recently completed Studiesif applicable.

[CPG-5.5.3-001] 5G system is expected to maintain service continuity of an indirect network connection for aremote
UE when the communication path to the network changes while the remote UE is using multiple indirect network
connection paths for a single traffic flow.

5.6 Real-time conversational robot

5.6.1 General description
This scenario proposes a service robot who participates in a spoken conversation with a human.

V oicebots can enable an elderly person to access those digital services which use is difficult for them due to physical or
cognitive challenges. V oicebots are well suited especially for primary contacts with customer service, because they
make it easier and faster to access the services. In addition, voice bots can help in gathering information related to
elderly’ s wellbeing and functioning, for example. This can speed up health care personnel’ s response to the customer's
service needs, making the allocation of resources easier while improving patient safety as a consequence.

In addition, voicebots can support health care professionals to perform routine tasks which often requires lot of
resources. V oice-based solutions can speed up, for example, making appointments, reporting laboratory results, or
customer surveys for large groups. In this manner, professionals’ resources would be freed up for those tasks where
thereis need for human service.

Fundamentally, a voicebot can work in one of three ways:

1) The user’sdevice works on the text transcript of the customer’s speech, obtained using an Automatic Speech
Recognition (ASR) engine, send this text transcript to a cloud or Edge based Natural language processing
(NLP) and natural language understanding (NLU) entity capable of processing text transcripts, receive a
response, and the user’s device converts the text response to voice using a Text-to-speech (TTS) engine,

2) The user’sdevice records voice input as audio samples, transmits these audio samplesto a cloud or Edge based
NLP and natural language understanding (NLU) entity capable of processing speech audio, receive aresponse,
and the user’ s device converts the text response to voice using a TTS engine,

3) Theuser'sdevice establishesavoice cal (VolP, VOLTE, VoNR, RCS, or other) towards a cloud or Edge
function which directly interprets the speech, performs analysis and response formulation, before directly
responding to the user by generating speech.

There are latency constraints with solution (1) (many ASR and TTS engines each consume a second of processing time,
rendering the speech flow unnatural) which might limit suitability for conversational services. Typically, solution (3) is
preferred in the voice assistant industry where conversational response times are less critical. It is proposed here that for
voicebot services, solution (3) is the prime candidate. However, it should be noted that if the seconds of latency
experienced in solutions (1) and (2) are covered by some language or some sound as the voicebot retrieves information,
the perceived latency may be much less insignificant compared to the actual latency.

Solution (3) results in the requirement that the 3GPP system needs to be able to maintain a resilient voice connection
with sufficient throughput and quality to enable the user’ s speech to be adequately processed at the cloud or Edge ASR
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engine, to alow for voicebot processing and response generation, and for the voicebot’ s response to be received by the
user with sufficiently low latency asto enable a perception of “humanity” by the user.

5.6.2 Related existing service requirements

TS22.261, clause 7.6.1: To support interactive task completion during voice conversation, the 5G system shall support
low-delay speech coding for interactive conversational services (100 ms, one-way mouth-to-ear).

ITU-T Recommendation G.114 & 3GPP TS 26.114: See Figure 5.6.2-1 for the relationship between mouth-to-ear delay
(one way transmission time for voice, also consider this as voicebot-to-ear delay) and perceived quality by the user
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Figure 5.6.2-1: ITU-T Rec. G.114 — Determination of the effects of absolute delay by the E-model.

5.6.3 Challenges and potential gaps

None.

5.7 MEC for Efficient Management of Geo-surface Sensing
Data Using a Group of Aerial Robots

5.7.1 General description
Geo-surface Sensing:
Geo-surface sensing is a wide area of remote sensing applications encompassing, but not limited to:

e agricultural use cases such as detecting the change of farming field surface (e.g., growth and/or other
conditions of plants) [20,21]

o wildlife preservation use cases such as detecting / tracking the movement or change of certain kind of animals
of interest [23]

e 3D architectural design and urban planning use cases. urban planning covers both new development and
renovation that are supported by geo-surface sensing technology combined with data collection, analysis and
prediction via collaboration of multiple entities (e.g., autonomous robots capable of role-playing in various
settings), which require communications.

e many more

which are expected to produce a huge amount of measurement data that would require certain level of pre-processing
and sharing with participating role-players for efficient data fusion. The quality of outcome of datafusionisan
important optimization objective and, at the same time, the efficiency of the process required to draw out quality

ETSI



3GPP TR 22.916 version 19.0.0 Release 19 28 ETSI TR 122 916 V19.0.0 (2026-01)

outcome is also critically important. Considering the United Nations' Sustainable Development Goals, study on
recommendations and requirementsis essential for devel oping resource-efficient (e.g., energy-efficient, time-efficient)
and sustainable solutions.

Multi-access Edge Computing (MEC) for SOBOT:

Edge cloud service (or MEC) for service robots is an emerging technology aimed at enhancing the performance and
efficiency of these robots. It involves granting robots access to computing resources located closer to them, resulting in
reduced latency and improved service quality.

Using edge cloud service offers several advantages for service robots. Firstly, it enhances their performance by
providing them with access to more robust computing resources. This enables robots to execute complex tasks, such as
navigating intricate environments or engaging in natural interactions with humans.

Secondly, edge cloud service improves the efficiency of service robots by offloading some processing tasks to the edge
cloud. This aleviates the robot's own resources, extending its battery life and making its operation more cost-effective.

While still in the developmental stage, edge cloud service has the potential to revolutionize the use of service robots. By
equipping robots with powerful computing resources, this technology enhances their performance and efficiency,
paving the way for innovative applications.

Below are examplesillustrating how edge cloud service can benefit service robots:

¢ Intelligent navigation: Real-time information about the robot's surroundings, including obstacle locations, can
be provided through edge cloud service. This assistsin improving navigation performance and avoiding
collisions.

e Object recognition: Edge cloud service enables robots to recognize objects in their environment, enhancing
their ability to interact with objects and accomplish tasks.

e Human-robot interaction: By leveraging edge cloud service, robots can communicate and interact with humans
in amore natural manner. This facilitates better comprehension and response to human commands.

Edge cloud service is a promising new technology that has the potential to revolutionize the way that service robots are
used. By providing robots with access to more powerful computing resources, edge cloud service can improve the
performance and efficiency of robots, which can lead to new and innovative applications for service robots.

Fig. 5.7.1-1 presents some examples of usage scenarios where MEC (Edge cloud service) is used for geo-surface
sensing data management. The expected types of aerial robots are fully autonomous robots, semi-autonomous robots,
remote-controlled / teleoperated robots. The robots are expected to be able to meet the orientation val ue requirement,
required by the robot operator or by the operating applications that are coordinated by the robot operator in the edge
cloud.
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Fig. 5.7.1-1: Usage scenarios of MEC (Edge cloud service) for geo-surface sensing data management. Some features
and KPI characteristics for communication are recommended.

5.7.2 Related existing service requirements

Clock synchronisation: 3GPP TS 22.104

- clause5.6.1 Clock synchronisation service level requirements
- clause 5.6.2 Clock synchronisation service performance requirements
- clause 7.2.3.2 Clock synchronisation requirements

NOTE 1: The MEC scenario described in 5.X.1 assumes collaboration among the group of aerial robots. The data
collection and sensor fusion aspects (in clause 5.3 and in Annex A — Levels of Fusion) are still important
considerations for this MEC scenario.

NOTE 2: Thetypes of sensor data and media that robots are collecting, pre-processing and sharing with each other
and/or with edge cloud (or edge server, cloud server) are related to the need of fulfilling the above sets of
requirements.

Multi-path relay: 3GPP TS 22.261
- clause 6.9.2.1 support of atraffic flow of aremote UE via different indirect network connection paths
Positioning: 3GPP TS 22.261

- clause 7.3.2 High accuracy positioning performance requirements (see also clause 5.7.1 of 3GPP TS 22.104 for
Factory of the Future scenario)

Efficient user plane: 3GPP TS 22.261
- Clause 6.5 Efficient user plane
Service continuity: 3GPP TS 22.263

- clause 5.5 Service continuity

5.7.3 Challenges and potential gaps

The following applicable aspects are identified and recommended for further study and can be further considered with
other ongoing or recently completed Studiesif applicable.
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[CPG-5.7.3-001] A robot that is participating in a group project and is designated (or nominated) by the robot operator
is expected to be able to meet the orientation val ue requirement, required or adjusted by the robot operator or by one or
more operating applications that are coordinated by the robot operator in the edge cloud.

NOTE 1: The orientation value defined and required by the robot operator is expected to be used by
communications layer(s), e.g., for ranging, when certain communications layer KPI target needs to be
adjusted for robot operation.

NOTE 2: Inthisscenario, arobot consists of robot communicating part and, optionally, a combination of robot
actuating part, robot processing part, and robot sensing part.

NOTE 3: The expected types of robots listed in Clause 5.X.1 are intended to describe the robots' capability to
maneuver over the project site (job site) but are not intended to describe their capability to control / adjust
orientation for sensing and measurements. Such capabilities are intended to be specified in combination
of communication featuresin CPGs.

[CPG-5.7.3-002] 5G system is expected to provide a means to ensure continuity of session when a subset of robots
participating in a group project need handover (i.e., switching between source gNB and target gNB) or trigger a
relocation from the current MEC server to anew MEC server.

NOTE 4: Theterm “continuity of service” can be interpreted in afew different ways, depending on the type of
robotic applications. For example, for real-time acoustic and/or audio sensing data, it can be interpreted as
“service continuity” (i.e., within 20 ms of interruption), for 3D RF sensing measurement data, it is
recommended to ensure up to 10ms of interruption not including the intrinsic propagation delay (e.g., a
total of approximately 500 ms for one round trip to a ground station over a GEO satellite, 4 * 125 ms)
[25]. For example, the minimum value occurs when a UE islocated at a point on the equator closest to the
satellite, 36 000 km / (3* 10°"5km/ s) = 120 ms..

[CPG-5.7.3-003] 5G system is expected to provide a means to ensure the acceptable range of arrival time difference(s)
of information, defined and required by the robot operator for particular robotic application(s), when the robotic
application(s) uses multiple routes for information delivery (e.g., one terrestrial route and one non-terrestrial route).

[CPG-5.7.3-004] 5G system is expected to provide a means to expose the capability on propagation delay-related
information when offering candidate routes to the robotic application(s).

[CPG-5.7.3-005] 5G system is expected to provide a means to provide expected disruption time for the robot when
communication path switching (e.g., from satellite to terrestrial, or vice versa) is necessary so that the robot can select
suitable alternative path according to its preference and traffic characteristics.

5.8 A group of autonomous robots and tele-operated robots
working on mining actuation and delivery

5.8.1 General description

5.8.1.1 The use of a group of robots in mining:

It is expected that the mining industry pave new pathways toward global sustainability, including “greater inclusion and
diversity effort” (e.g., worker safety, well-being of employeesin general), green/clean energy transition, material
consumption reduction, deep sea mining explortion, greenfield exploration [27]. More interestingly, the industry is with
no exceptions as other industries, exploring a new path to “ cloud-integrated mining processes’.
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Fig. 5.8.1.1-1 Examples of extreme working conditions in mining site (underground).
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Fig. 5.8.1.1-2 Examples of extreme working conditions with workers’ roles replaced by robots.
Integrated sensing and communications (ISAC), distributed sensing and communication (data
collections), and Al-enabled compute are expected.

Among these, (1) greater inclusion and diversity effort (with a narrower angle of worker safety using tele-operated
robots in mining) and (2) cloud-integrated mining processes are interesting topics for consideration in the telco domain
(refer to Fig. 5.8.1.1-1 and Fig. 5.8.1.1-2).

Robots have a range of applicationsin the mining industry, contributing to increased safety, efficiency, and
productivity. Here are some tasks that robots can perform in mining:

1. Exploration and Mapping: Robots can be equipped with various sensors, such as LiDAR and cameras, to
explore and map underground or hazardous areas that might be dangerous for humans.

2. Drilling and Blasting: Automated drilling and blasting robots can accurately and safely bore holes for
explosives, increasing precision and minimizing the risk to human operators.

3. Hauling and Transport: Robotic vehicles can be used for hauling material's, removing the need for human
driversin dangerous environments. These robots can transport materials within mines and even across long
distances.

4. Inspection and Maintenance: Robots can inspect equipment and infrastructure, identifying issues before they
become serious. They can aso perform maintenance tasks in hazardous areas, reducing the need for human
workersin risky environments. Note: Maintenance includes corrective maintenance and preventive
maintenance. Predictive maintenance is related to preventive maintenance.

5.  Remote Operation: Teleoperated or semi-autonomous robots can be controlled by operators from a safe
location, allowing them to work in environments that are unsafe for humans.

6. Hazardous Environment Exploration: Robots can be deployed in areas with extreme temperatures, toxic gases,
or other hazardous conditions, where human presence would be dangerous.
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10.

11.

12.

Material Sorting and Processing: Robots can be programmed to sort and process mined materials, improving
efficiency and accuracy in material separation.

Surveying and Mapping: Robots equipped with advanced sensors can create detailed 3D maps of mining sites,
helping with planning and optimization.

Search and Rescue: In the event of a mine collapse or other emergency, robots equipped with cameras and
sensors can be used to search for trapped miners and assess the situation.

Environmental Monitoring: Robots can be used to monitor air quality, water quality, and other environmental
factorsin and around mining sites.

Dust Suppression: Robots can be designed to control dust levels, which is crucial for the health and safety of
miners.

Rehabilitation and Land Restoration: After mining operations cease, robots can be employed to rehabilitate and
restore mined areas, aiding in reforestation or other environmental recovery efforts.

The use of robots in mining can improve safety for human workers, increase operational efficiency, and enable the
extraction of resources from challenging and hazardous environments.

Motivation and Discussion:

In the on-surface environment of radio signal propagation (i.e., one being line-of-sight reception and the other a dlightly
longer reflected one, which are combined at the receiver’s side), the signal transmission and reception situation is not
ideal due to the inherent 'phase difference’ caused by reflection, as depicted in Fig. 5.8.1.1-3 below. The point that we
bring inisto lead to the main motivating message that the signal propagation situation is so difficult in underground
tunnels (as justified in the point #2 below).

transmitter
(((0)))

\\ line-of-sight distance = /

Yep,
Ee\ /
(4 b /
St o
s, <l
1:9 \ V/
/M \ /ﬁ) geo-surface

horizonal distance = d

receiver

Two antennas (Tx, Rx) have different heights
=> leads to “phase difference” b/w received waves

Fig. 5.8.1.1-3: Phase difference caused between two antennas on a horizontal ground surface with
different heights. The phase difference is depedent upon seveal parameters, the antenna heights,

and some other parameters, such as a, b, |, and 0.

In the underground tunnel environment, there are two characteristics that are simply observed:

1)
2)

3)

motivating argument #1: The signal reflections are multifold around the inner surface of the tunnel whichis
furthermore “uneven”:

motivating argument #2: The communication nodes (i.e., UESRobots or mining carts that have UE
functionality) are distributed along the tunnel pathway.

Justification on point #1 (as motivating argument #1):

In underground tunnels, radio propagation faces significant challenges due to the confined and reflective nature of
the environment. Signals can be absorbed, diffracted, or reflected by the tunnel walls, leading to multipath
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propagation. This phenomenon creates multiple signal paths between the transmitter and receiver, causing delays
and phase differencesin the received signals. As aresult, the radio propagation situation in underground tunnelsis
complex, making it difficult to achieve reliable and stable communication. Specialized techniques and egquipment
are often required to mitigate these challenges and ensure effective wireless communication in such environments.

Justification on point #2 (as motivating argument #2):

The distribution of mining carts (which we assume are equipped with UE functionality and called robots) ina
mining tunnel typically involves strategic planning and organization to ensure efficient transportation of materials
and resources within the mine. Mining carts, al'so known as mine cars or skips, are used to transport extracted ore,
waste, or other materials from the mining face to the surface or processing area. The distribution process involves
several key considerations:

1) Loading and Filling: Mining carts are loaded with ore or other materials at the mining face. Proper loading
ensures maximum utilization of the cart's capacity while maintaining safety standards.

2) Transportation Routes. Mining tunnels are designed with specific transportation routes for the mining carts.
These routes are planned to optimize the movement of carts, minimize congestion, and ensure a smooth flow
of materials within the mine.

3) Track Systems: Mining carts often run on track systems embedded in the tunnel floor. These tracks guide the
carts, preventing derail ments and ensuring stable movement along the designated routes.

4) Automated Systems: In modern mining operations, automated systems, such as conveyor belts or autonomous
vehicles, might be used to transport materials. These systems can enhance efficiency and reduce the need for
manual distribution of mining carts.

5) Monitoring and Control: Mining companies use monitoring systems to track the movement of mining carts.
Sensors and communication technol ogies are employed to monitor the location, load capacity, and
maintenance needs of the carts. This data helps optimize the distribution process and prevent bottlenecks.

6) Safety Protocols: Safety is paramount in mining operations. Adequate safety protocols, including signaling
systems, speed limits, and emergency procedures, are in place to ensure the safe distribution of mining carts
and the protection of workers in the tunnels.

Overall, the distribution of mining cartsin mining tunnels requires careful planning, efficient logistics, and the
integration of technology to optimize the transportation of materials and maintain a safe working environment.

It iscommonly agreed that carts cannot remain outside the designated pathway space of the tunnel unless
unintended events occur.

Characteristics of the " set of UE relays’ consisting of robots in mining tunnel:

1) Serialy distributed;

2) therandom variable of inter-node distance depends the mining operation strategy

3) if the communication nodes (e.g., carts with UE functionality) are available to use non-conventional (or
advanced) communication/networking schemes, such as cooperative diversity (or cooperative
communication/networking) and network coding, the topology of the network is not completely serial butisa

combined one.
o \g. o
6E)
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o |gy o
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Fig. 5.8.1.1-4: (a) conventional, serially connected multihop network (b) non-conventional, serially
connected multihop network with a supplementary link supported (e.g., when cooperative diversity is
applied).
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5.8.1.2 Enhanced support of communnications and sensing features:

Mining as a whole takes place in extreme environments under the ground surfaces (e.g., search, monintor, preparation,
processing, mai ntenance, repair shop, mining actuation (i.e., drilling operations), loading and underground delivery to
off-surface station) and some tasks require their completion on the ground surface.

According to the US Energy Information Administration (www.eia.gov, as of 2021), the average number of employees
at underground and surface mines differs from one State to another: 755 at underground and 272 at surface minesin
Pennsylvania; 2103 at underground in West Virgina (Northern), 184 at underground and 36 at surface minesin West
Virgina (Southern). Along a single or multiple tunnels, a set of tandem communication sub-networks can be formed as
dipicted in Fig. 5.8.1.2-1. Each sub-network might include a 3GPP UE-type entity that only requires an intermittant
communications (e.g., Ambient 10T device).

NOTE: It isassumed that a set of multihop UE relays consists of a group of service robots that are performing
specific task(s) with (autonomous or tele-operated) physical mobility inside the mining job site. However,
non-robot type of UE's can aso be part of a set of multihop UE relays.

underground segment (tunnel)

dataflows (multimodal, multiflows, multiple QoS requirements)

(a) a set of multihop UE relays

(b) a set of three “sets of multihop UE
relays” in three tunnel branches

Fig. 5.8.1.2-1 Some examples of set of multihop UE relays of robots at underground mines.

5.8.2 Related existing service requirements
Clock synchronisation: 3GPP TS 22.104

- clause5.6.1 Clock synchronisation service level requirements
- clause 5.6.2 Clock synchronisation service performance requirements
- clause 7.2.3.2 Clock synchronisation requirements

NOTE 1: The MEC scenario described in 5.X.1 assumes collaboration among the group of aerial robots. The data
collection and sensor fusion aspects (in clause 5.3 and in Annex A — Levels of Fusion) are still important
considerations for this MEC scenario.
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NOTE 2: The types of sensor data and media that robots are collecting, pre-processing and sharing with each other
and/or with edge cloud (or edge server, cloud server) are related to the need of fulfilling the above sets of
reguirements.

Multi-path relay: 3GPP TS 22.261
- clause 6.9.2.1 support of atraffic flow of aremote UE via different indirect network connection paths
Positioning: 3GPP TS 22.261

- clause 7.3.2 High accuracy positioning performance requirements (see also clause 5.7.1 of 3GPP TS 22.104 for
Factory of the Future scenario)

Efficient user plane: 3GPP TS 22.261
- Clause 6.5 Efficient user plane
Service continuity: 3GPP TS 22.263
- clause 5.5 Service continuity, when required by the application
Multi-hop connectivity: 3GPP TS 22.261
Energy efficiency: 3GPP TS 22.261
Integrated Sensing and Communication features: 3GPP TS 22.261, TS 22.137 (new).

5.8.3 Challenges and potential gaps

The following applicable aspects are identified and recommended for further study and can be further considered with
other ongoing or recently completed Studiesif applicable.

[CPG-5.8.3-001] 5G system is expected to provide a suitable means that can support an advanced energy-efficient
mechanism for a group of robots that formed a set of multihop UE relays.

[CPG-5.8.3-002] 5G system is expected to provide a suitable means for robots that formed a set of multihop UE
relaysto gain accessto MEC service in order to determine whether or not to use certain advanced energy-efficient
mechanism for a group of robots that formed a set of multihop UE relays.

[CPG-5.8.3-003] 5G system is expected to provide a suitable means for robots within a set of multihop UE relaysto
timely reselect another energy-efficient mechanism for the set of multihop UE relayswhen communication is disrupted
(e.g., connection loss, the existing energy-efficient mechanism becomes unavailable due to remarkable changes of inter-
robot distance).

NOTE 1. The above CPGs are intended to ensure that a group of robots as a UE should have advanced energy-
efficient mechanismsthat are relevant to existing and new spectrum bands for 3GPP systems (e.g.,
cooperative diversity, full duplex, network coding) [26]. However, studies on such candidate mechanisms
are up to the relevant Working Group within 3GPP, which is outside the scope of stage-1 study.

NOTE 2: The above CPGs are intended for a group of robots as a UE that are working under extreme conditions
(e.g., a underground mines)

NOTE 3: In[CPG-5.8.3-002], examples of “gain accessto MEC service” includes requesting distributed compute
service (e.g., viaedge or cloud) for certain task that is computationally intensive, such as scheduling,
whether or not to use certain advanced mechanisms.
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6 Other considerations

6.1 TACMM aspects related to robot applications

6.1.1 General description

3GPP Release 18 stage-1 study on tactile and multimodality communication (TACMM) [28] involves identifying
potential service and performance requirements for efficient data transmission, coordinations across devices (e.g., haptic
glove, haptic wear, and so on as a 5G UE) and networks. These advancements have the potential to revol utionize how
we interact remotely, making communication more immersive, expressive, and accessible.

NOTE 1: In the Release 18 TACMM study, the scope was focused on providing multimodality communication
between a UE and a 5G network with no intermediate nodes acting as arelay. |n a multi-hop connections
scenario, certain devices (such as gloves, goggles) are connected to 5G network viaa 5G UE. In this case,
the devices are not considered as 5G UEs. Devices (gloves, goggles, etc.) are only considered as 5G UEs
when they are directly connected to 5G network as shown in Fig. 6.1.1-1. It is observed that multi-hop
aspects are not considered in the consolidated KPI table. However, some multi-hop aspects are captured
in 3GPP TS 23.501, clause 5.37.2.

& 5G UE (VR glasses) o
Application
Server
5G UE (gloves)
5G network

Fig. 6.1.1-1: Example of topology studied within 3GPP Release 18 TACMM (single hop connections
only). Source: Fig. 5.1.2-1 of 3GPP TR 22.847.

Service data flow

The following user cases from TACMM study (TR 22.847) are related to robot applications.

5.2 Remote control robot

5.4 Support of skillset sharing for cooperative perception and manoeuvring of robots
5.5 Haptic feedback for a personal exclusion zone in dangerous remote environments
5.8 Virtual factory

UC - Remote control robot

Refer to the next UC.

UC - Support of skillset sharing for cooperative perception and manoeuvring of robots

Automated vehicles (robots) mostly rely onindividual controllers, which can be limiting in unpredictable settings.
Efforts by 3GPP have explored LTE-based V2V features, but challenges persist in unstructured contexts. Sharing sensor
info and maneuvers is a solution, facilitated by Tactile Internet for fast data exchange between nearby vehicles. This
enables cooperative perception and maneuvering, enhancing safety and prediction. Tactile Internet allows vehicles to
collectively perceive their surroundings through shared local and remote maps, extending sensing range and prediction.
New network architectures are needed for ultralow-latency connections based on Tactile | nternet, supporting
cooperative driving. This addresses scenarios like local delivery robots, enhancing communication for skill sharing.

Fig. 5.4.4-1 (in 3GPP TR 22.847) presents examples of benefit of using skillset sharing where the skillset isin the form
of multimodality information and/or control. These scenarios are suitable for arobot group operation scenario using
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ProSe and Uu interface (e.g., a group of tele-operated robots, such as for hazardous control, mining (both underground
and on-surface consolidated operations).

UC - Haptic feedback for a personal exclusion zone in dangerous remote environments

The advent of 5G networks has enabled tele-operations in industries like mining. To ensure safety, wearables like belts
and shoe soles are used to improve alarm reliability, especially in situations where traditional aarms might be missed
due to protective gear. Haptic feedback, detected faster by the brain than audio or visual cues, isintegrated into
wearables for quicker alertsin hazardous environments. A multi-modal approach combines haptic, audio, and visual
signalsfor effective emergency response.

Surveillance cameras, drones, and wearables monitor environments, with data sent to a control unit for hazard
prediction. Personal exclusion zones, restricting access, are defined and navigation is adjusted based on worker data. In
mining, a hazard triggers a multi-modal alarm system, combining haptic, audio, and visual aerts, as well as surveillance
and worker feedback, to guide workers away from danger.

This use case has identified the following PRs for single-hop cases:

[PR. 5.5.6-1] The 5G network shall support a mechanism to allow an authorized 3rd party to provide QoS policy
for flows of multiple UEs associated with an application. The policy may contain e.g. the expected 5GS handling
and the associated triggering event.

[PR. 5.5.6-2] The 5G system shall support a mechanism to apply QoS policy for flows of multiple UEs
associated with an application received from an authorized 3rd party.

UC - Virtual Factory:

A factory utilizes a 5G network to synchronize its robot's motion data and monitor video. The robot's movements are
collected through a dataflow (say, dataflow 1), while a monitor captures real-time motion via another dataflow (say,
dataflow 2). The network categorizes these flows as instructed. Dataflow 1 generates VR video on a VR server based on
motion data, while dataflow 2 is directly sent to aremote screen. At the remote site, VR glassesreceive VR video, and a
monitor displays the actual robot motion. To minimize delay, dataflow 2 is briefly held by the network as motion datais
processed into VR video. This setup ensures seamless coordination between robot motion and video monitoring,
facilitated by 5G technology.

This use case has identified the following PRs for single-hop cases:

[PR 5.8.6-1] 5G system shall be able to support the interaction with applications on UEs or data flows grouping
information within one tactile and multi-modal communication service.

[PR 5.8.6-2] The 5G system shall support a meansto apply 3rd party provided policy(ies) for flows associated
with an application. The policy may contain e.g. the set of UEs and data flows, the expected QoS handling and
associated triggering events, other coordination information.

NOTE 2: The policy can be used by a 3rd party application for coordination of the transmission of multiple
UES flows (e.g., haptic, audio and video) of a multi-modal communication session.
6.1.2 Challenges and potential gaps

The PRs referenced above are limited to a single-hop scenario. To extend to a multi-hop scenario, the following can be
further considered with other ongoing or recently completed studies if applicable.

[CPG-6.1.2-001] 5G system is expected to be evolved so that it can support some or al of the referenced PRs in both
direct network connections and indirect network connections.

NOTE: The suitable number of hops that are required to support depends on the types and characteristics of robot
applications.
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6.2 ISAC aspects related to robot applications

6.2.1 General description

Autonomous Mobile Robots (AMRS) are revolutionizing logistics operations in industries such as manufacturing and
warehousing. Unlike traditional Automated Guided Vehicle (AGV) systems, AMRSs possess the intelligence to navigate
and perform tasks autonomously, offering unparalleled flexibility. However, asignificant challenge for AMRsliesin
acquiring accurate and continuous sensing data as they move through complex environments [29,30]. Factors like
unexpected obstacles or sudden appearances of people and machines can compromise their safety.

To address this challenge, 5G base stations are strategically deployed in factories. These stations serve a dual purpose:
not only do they provide essential communication capabilities for factory equipment, but they also act as sensing nodes.
By transmitting sensing signals and receiving reflected signal's, these base stations capture real-time 3GPP sensing data.
This dataisthen processed and analyzed by the core network, generating valuable insights into the AMRS
surroundings.

Crucially, these sensing results can be shared with trusted third-party platforms, empowering AMRs with a
comprehensive understanding of their environment. This enhanced sensing capability allows AMRs to adapt their routes
dynamically, ensuring both efficiency and safety. Moreover, in scenarios where obstacles obstruct radio signals or

AMR paths traverse indoor and outdoor spaces, collaboration between multiple base stations further improves sensing
accuracy and service continuity.

[30] presents afew use cases addressing sensing issues related to robot operation. Examples include the following with
some KPIsas shownin, e.g., Table 5.23.6-1 and Table 5.32.6-1.

[PR 5.23.6-1] The 5G system shall be able to provide the continuity of sensing service for a specific target object,
across indoor and outdoor.

[PR 5.23.6-2] The 5G system shall be able to provide a secure mechanism to ensure sensing result data privacy
within the sensing service area.

[PR 5.32.6-1] Based on operator’s policy, the 5G system may provide a mechanism for atrusted third party to
provide sensing assi stance information about a sensing target.

6.2.2 Challenges and potential gaps

While the PRs referenced above have addressed potential new requirements, such as on the continuity of sensing
services both in indoor and outdoor settings, data privacy and network exposure, it is still worthwhile to consider the
support of scalable and efficient use of communication resources needed for stable operation of multiple service robots
especially when alarge number of service robots are present.

6.3 Metaverse aspects related to robot applications

6.3.1 General description

The Technical Report on Localized Mobile Metaverse Services [31] addressed severa use cases related to robot
applications. The following includes some examples.

1) Metaverse use case on Spatial Mapping and Localization (Clause 5.5, [31])

In the context of robot operations, spatial mapping involves constructing or updating a map of an unknown location,
while localization tracks an object to identify its location and orientation over time. For the localized mobile Metaverse
use case (e.g., clause 5.5, [31]), communication technology support is vital. Spatial Mapping Service creates and
maintains a 3D map of indoor or outdoor environments, enabling the identification of stationary and moving objects.
This spatial map is utilized by Spatial Localization Service, allowing for accurate positioning and orientation of users.

Spatial mapping gathers sensing data to create a detailed 3D map, integrating information from various sources like
sensors and architectural specifications. Localization, based on this spatial map, identifies users' positions and viewing
anglesin 3D space. Examples of spatial mapping applications include government projects mapping entire cities,
navigation service providers mapping roads, and customers mapping indoor spaces. To achieve this, vehicles or robots
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equipped with multiple cameras and LiDAR devices capture images and depth information. This datais then processed,
enhancing location accuracy and enabling various applications like visual positioning and Metaverse content
management. The information is communicated through uplink sensor data, enabling precise localization and enriching
the spatial internet experience.

The following includes some exampl e of potential new requirements:

[PR5.5.6.1-1] Subject to operator policy and relevant regional and national regulation, the 5G system shall support
mechanisms for an authorized UE to provide sensing data that can be used to produce or modify a spatial map.

[PR5.5.6.1-2] Subject to operator policy, user consent and relevant regional and national regulation, the 5G system
shall support mechanismsto receive and process sensing data to produce or modify a spatial map.

[PR5.5.6.1-3] Subject to operator policy and relevant regional and national regulation, the 5G system shall support
mechani sms to expose a spatial map or derived localization information from that map to authorized third parties.

NOTE 1. Some KPI’srequired to fulfil e.g., [PR 5.5.6.1-2] is not specified in this particular use case.

2) Metaverse use case on Immersive tele-operated driving (Clause 5.20, [31])

The use case involves operating vehicles, lifting devices, or machines/robots in hazardous industrial environments,
where manual operation poses risks due to exposure to dangerous materials, extreme conditions, or radioactivity. While
Automated Guided Vehicles (AGVs) exist, the proposal suggests leveraging 5G technology to create a system allowing
remote users to control these devices. This control occurs through an immersive cockpit displayed on avirtual reality
head-mounted display and haptic gloves. The cockpit integrates data from the digital twin of the operating environment,
including information from factory sensors and the surroundings. This approach enhances user safety and operational
accuracy by merging data from the digital twin, enabling remote control in hazardous settings.

This use case includes some requirements that are needed to support immersive teleoperations (or digital twins) within a
service area up to 10km (radius).

[PR 5.20.6-1] The 5G system shall be able to provide a means to associate data flows related to one or multiple UEs
with asingle digital twin maintained by the mobile metaverse service.

[PR 5.20.6-2] The 5G system shall be able to provide a means to support data flows from one or multiple UEsto
update a digital twin maintained by the mobile metaverse service.
6.3.2 Challenges and potential gaps

None.

6.4 High-level communication scenarios

Robotic Application Enablement Communication (in short Robotic Communication) is a technology that enables a
group of robots (or arobot) to communicate with various entities, including other robots (or robotic applications),
humans (e.g., residents, workers, pedestrians in indoor/ outdoor structured or unstructured environments), infrastructure,
and networks. Here are several scenarios for Robotic Communication.

NOTE 1: A robot with communication functionality is aphysical entity that can act as an ordinary UE, a UE acting
asarelay for other UE (e.g., UE Relay) that is fixed or mobile depending on scenarios.

NOTE 2: In the following scenarios, the communication direction is assumed to be unidirectional or bidirectional.

NOTE 3: In the following scenarios, the communication path is assumed to be a single hop or multi-hop. In a multi-
hop scenario, a combination of different scenarios are possible when applicable, e.g., R2R and R2C.

NOTE 4: In some of the following scenarios, the counterpart of arobot (or a group of robots) in communication
path can be an 10T device, an ordinary UE, a UE acting as arelay, and so on.
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1. Robot-to-Robot (R2R) Communication:

- Collision Avoidance: Robots can exchange information about their speed, direction, and position to avoid collisions,
especialy inintersections or blind spots.

- Traffic Congestion Management: R2R communication allows robots to share real-time traffic information, helping
them choose less congested routes. Both road traffic (e.g., in public roads) and robot traffic are considered.

- Examples:

A group of robots for public safety purposes.

Indoor and outdoor delivery robots.

Internet of aerial robots (or Internet of drones).

A group of robots using machine-type media communications (e.g., media between robots).

Robots maneuvering in unstructured environments or in structured environments such as public roads,
sidewalks.

e Inthe United States, currently, robot operations lack national regulation and are governed by individual states.
Virginia set a precedent in 2017 by regulating robot operation, allowing them to move on sidewalks and
crosswalks at speeds not exceeding 10 mph (ca. 16km/h). If these paths are unavailable, robots are permitted to
operate on the roadside with a speed limit of 25 mph (ca. 40km/h). In 2020, Pennsylvania enacted regulations
allowing robots weighing up to 550 pounds (ca. 250kg) without payload [29].

2. Robot-to-Infrastructure (R21) Communication:

- Traffic Signal Coordination: Robots can receive data from traffic signals to optimize their speed and reduce
unnecessary stops, improving traffic flow.

- Roadside Assistance: Remote drivers can receive aerts and assistance information, such as nearby charging stations or
emergency services, from roadside infrastructure.

NOTE 5: For example, in some States of the United States where robots are legally considered as road vehicles,
such robots are assumed to be capable of supporting communication features relevant to Cellular V2X (e.g.,
LTE-V2X, NR-based V2X).

- Examples:

Indoor and outdoor delivery robots.

Internet of aerial robots (or Internet of drones).

Car valet robot at parking lots

A group of robots using machine-type media communications (e.g., media from arobot to infrastructure).
A group of aerial roots (e.g., UAVs) performing geo-surface sensing and/or environmental monitoring.

3. Robot-to-Pedestrian (R2P) Communication:

- Pedestrian/Human Safety: Robots can detect pedestrians/human equipped with or without communication devices,
i ssuing warnings to both robot operators and pedestrians/human to prevent accidents or collision.

- Crosswalk and human-zone Safety: Pedestrians/humans can receive alerts on their devices (UE’s, tethered/untethered
devices) about approaching robots, ensuring timely safety-related alert.

- Examples:
e Surveillance robot (e.g., in CCRC)
e Disinfection robot (e.g., in hospitals, hotels)
e  Outdoor delivery robots allowed to use public roads some of which are shared by humans.
e Personalized assistive robots: personalized digital experience (e.g., VR/XR/MR assisted shopping, gaming).

Both physical robots and virtual bots are considered where virtual bots are assumed to be linked to authorized
multi-sensory input (e.g., acoustic signals, voice, audio, or visual input such as facial expressions, gesture,
and/or gait) and display mechanisms that are security and privacy ensured.
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4. Robot-to-Network (R2N) Communication:

- Robot/road Traffic Management: Traffic authorities can collect real-time data from robots to monitor traffic patterns,
analyze congestion, and adjust traffic signals for optimal flow. See NOTE 5 for outdoor delivery robots that are
considered as aregular vehicle depending on local regulatory requirements.

- Emergency Response: Robots can transmit information about accidents or road hazards directly to emergency
services, enabling faster response times.

- Timely Response: Robots that are in inter-continental real-time trading environments (e.g., trans-Atlantic financial
market), realistic mixed-reality gaming and entertainment, and so on.

NOTE 6: the term "Network’ can include 3GPP NTN and TN. Different from R2l scenarios, R2N scenarios include
communication with a server. Also, refer to V2I (clauses 4, 5.6, 5.7, and 5.8 in TR 22.185 and V2N
(clauses 5.15, 5.26, and 5.27 of TR 22.185).

5. Robot-to-Cloud (R2C) Communication:

NOTE 7: This communication scenario describes the use of edge or cloud for, e.g., Al/ML-related computation that are
commonly necessary to support intelligent operations of arobot or agroup of robots. This scenario can be overlaid with
other scenarios such as R2N or R2I.

- Fleet Management: Fleet operators can track robots, monitor their health, and optimize routes, leading to efficient
operations and reduced maintenance expenses.

- Over-the-Air (OTA) Updates. Robot manufacturers can remotely deploy software updates and patches to improve
robot performance and security.

- Examples:

e A group of robotsin healthcare, delivery, and/or manufacturing environments.
e Tele-operated robots with haptic feedback/control.

6. Robot-to-Grid (R2G) Communication:

- Smart Charging: Electric robots can communicate with the grid to schedule charging during off-peak hours,
optimizing energy usage and reducing costs for both consumers and utilities.

- Grid Stability: Electric robots can provide feedback to the grid about available battery capacity, enabling the grid to
balance demand and supply effectively.

- Examples:

e A group of robotsin smart city settings, in hazardous control environments.

7. Robot-to-Home (R2H) Communication:

- Home Automation: Robots can communicate with smart home devices, allowing users to control home appliances,
lighting, and security systems remotely from their robots.

- Energy Management: Electric robots can supply power back to homes during peak demand periods, reducing the load
on the grid and lowering household electricity expenses.

- Examples:

e A group of robotsin smart home that can provide timely and accurate information for the smart home server
for high-quality decision-making.
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7 Conclusions and recommendations

The present document includes the outcome of Study on Network of Service Robots with Ambient Intelligence. This
includes various use cases with challenges and potential gaps and other consideration points related to efficient
communications service and cooperative operation for a group of service robots.It is recommended that future work can
consider the present document for enhancements of communications support relevant for the network of service robots.
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Annex A:
Levels of Fusion

Al Levels of Fusion

A.1.0 Description

The use of “levels of fusion” [14,15,16]is expected to help the United Nations Sustainability Devel opment
Goals (SDGs) in several aspects.

Providing that the 6G technology enablers are designed in resource-efficient ways for various types of
resources (e.g., radio resources, network resources, material, such as battery related), such considerations can
also help provide affordable 6G servicesin the society, especialy when certain groups of residents, patients,
public-safety officers, or underrepresented need the communication services the most at a critical pointin
timein their everyday living.

A.1l.1 A Six-Level Approach

This approach is based on U.S. Department of Defense Joint Directors of Laboratories (JDL) Data Fusion Subgroup.
Each of the following six levels of fusion progressively adds meaning at higher levels of abstraction and involves more
analysis (Reference: NIST [14]):
Level 0 - organize. Thisistheinitial processing accomplished at or near the sensor that organizes the collected data
into ausable form for the system or person who will receive it.
Level 1 - identify/correlate. Thislevel takes new input and normalizesits data; correlates it into an existing entity
database, and updates that database. Level 1 Fusion tells you what is there and can result in actionable information.
Level 2 - aggregate/resolve. Thislevel aggregates the individual entities or elements, analyzes those aggregations,
and resolves conflicts. Thislevel captures or derives events or actions from the information and interprets themin
context with other information. Level 2 Fusion tells you how they are working together and what they are doing.
Level 3 - interpret/determine/predict. Interprets enemy events and actions, determines enemy objectives and how
enemy elements operate, and predicts enemy future actions and their effects on friendly forces. Thisis athreat
refinement process that projects current situations (friendly and enemy) into the future. Level 3 Fusion tellsyou
what it means and how it affects your plans.
Level 4 - assess. Thislevel consists of ng the entire process and related activities to improve the timeliness,
relevance, and accuracy of information and/or intelligence. It reviews the performance of sensors and collectors, as
well as analysts, information management systems, and staffs involved in the fusion process. This process tells you
what you need to do to improve the products from Fusion Levels 0-3.
Level 5 - visualize. This process connects the user to the rest of the fusion process so that the user can visualize the
fusion products and generate feedback/control to enhance/improve these products.

A.1.2 A Three-Level Approach

A three-level approach was proposed in [15] as follows. In terms of data processing, multi-modal fusion istypically
implemented at three different levels of abstractions:

Sensor level: Fusion module processes raw data captured from different sources. If multiple sensors are measuring
the same physical aspect, a single feature vector to represent the phenomena under analysis can be directly
combined. However, if sensor data represents different phenomena, the data fusion should be completed in a later
stage.

Feature level: Sensor datais represented by feature vectors. Features are extracted from different sources
independently. The fusion module then combines the feature vectors from each module into a single fused feature
vector.

Decision level: Features are extracted from each source independently and passed to a corresponding classification
module to make their own decision. The Fusion module then consolidates these decisions into one final
classification decision.
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Hybrid models: These models can include more than one level of Fusion. For example, features from two
modalities can be combined together to construct one feature set for classification model, the decisions of this
classification model are then combined with decisions from a second classification model that is trained using
features from a third modality.

Feature : Learning : iz
Processing Extraction Model P

I
[:>i Signal
I

- I:> Decision

|
I
Signal :' Feature
= : Processing : Extraction
I
I

Model

Sensors = = -
® '
|

@ A signal Feature I Learning Decision B
< . Processing :D Extraction ‘:>: Model Fusion l:>Decns|on

- I
© |

Fig. A.1.2: A three-level approach for data fusion (source: [15] IEEE).
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Annex B:
Example Scenario

B.1  Example Scenario for robot applications to adjust the
accuracy level of clock synchronization provided by
5G system

Energy-efficient robots collaborate to jointly work on certain task in an area of interest such as cleaning, disinfection,
and agriculture. They adapt actions based on environmental conditions, emphasizing accuracy while optimizing
computing and communication resources.

The application server is aware that a higher accuracy level of clock synchronization is reqired in a more complex
enviroment of interest (e.g. Area 1 in Figure B.1-1). The application requests the moniroting of the accuracy level for
clock synchninization to the 5G system, and the 5G system can perform the monitoring based on the application request
and report the measured results. In addition, the 5G system can inform the application server of its accuracy checking
capability.

The application server can request the 5G system to adjust the accuracy level to in order to maintain the proper accuracy
level needed for robot applicationsin the particular area.

[ meaz )

z

Area 1: accuracy level
Area 2: accuracy level ¥

(1) Accuracy level Monitoring Request
<

(2) Network capability, Measured accuracy level

‘ 56C (3) Accuracy level Adjustment Request Kl,/‘
<

Application
Server

(4) Accuracy level Adjustment Result

N — ]

Figure B.1-1: Example scenario adjusting clock synchronization accuracy level

Table5.6.2-1 of 3GPP TS 22.104 [2] presents various scenarios that require different accuracy levels of clock
synchronization. In practice, there are occasions in which robots need adaptation to changes on the need of accuracy
level of clock synchronization (e.g., due to changesin robot task or in the environment) or 5G system needs to inform
of its change on its capability on the accuracy level to robots.
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