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Abstract: Addition of a clause summarizing TACMM aspects (Rel-18).
1. Introduction
Addtion of overview of 3GPP Rel-18 TACMM use cases and its implications for next step. 

2. Proposal
It is proposed to agree the following changes to 3GPP TR 22.916.


* * * First Change * * * *
[bookmark: _Toc136593938]6.X	TACMM aspects related to robot applications 
[bookmark: _Toc136593939]6.x.1	General description
3GPP stage-1 study in tactile and multimodality communication (TACMM, TR 22.847) involves identifying potential service and performance requirements for efficient data transmission, ensuring interoperability across devices (e.g., Haptic glove, haptic wear, and so on as a 5G UE) and networks. These advancements have the potential to revolutionize 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 5G network with no intermediate nodes acting as a relay as found in the use cases. For example, certain devices (such as gloves, goggles) are connected to a 5G UE and then connected to 5G network via the 5G UE but those devices are not considered as 5G UE, or such devices (gloves, goggles, etc.) are a 5G UE which are directly connected to 5G network. Fig. 6.x-x presents an example. Also, it is observed in the consolidated KPI table that multihop aspects are not considered. Also, refer to 3GPP TS 23.501, clause 5.37.2.
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Fig. 6.x-x: Example of topology studied within 3GPP Release 18 TACMM (single hop connections only). Source: Fig. 5.1.2-1 of 3GPP TR 22.847.

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 on individual 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 Internet, supporting cooperative driving. This addresses scenarios like local delivery robots, enhancing communication for skill sharing.
Fig. 6.x-y presents examples of benefit of using skillset sharing where the skillset is in the form of multimodality information and/or control. These scenarios are suitable for a robot group operation scenario using ProSe (e.g., operations in out-of-coverage areas) and Uu interface (e.g., a group of tele-operated robots, such as for hazardous control, mining (both underground and on-surface consolidated operations).
[image: ]
Fig. 6.x-y: Example of some benefit of skillset sharing in which the skillset sharing is done in the form of multimodality communication. Source: Fig. 5.4.4-1, 3GPP TR 22.847.

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 alarms might be missed due to protective gear. Haptic feedback, detected faster by the brain than audio or visual cues, is integrated into wearables for quicker alerts in hazardous environments. A multi-modal approach combines haptic, audio, and visual signals for 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 alerts, as well as surveillance and worker feedback, to guide workers away from danger.

This use case has identified the following PRs:
[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 a remote screen. At the remote site, VR glasses receive VR video, and a monitor displays the actual robot motion. To minimize delay, dataflow 2 is briefly held by the network as motion data is 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:
[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 means to 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.

The following presents the proposed KPIs.
Table 6.2-1: Multi-modal communication service performance requirements
	Use Cases
	Characteristic parameter (KPI)
	Influence quantity
	Remarks

	
	Max allowed end-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	Message size (byte)
	UE Speed
	Service Area
	

	Skillset sharing low- dynamic robotics
(including teleoperation) Controller to controlee
	5-10ms
	0.8 - 200 kbit/s (with compression)
	99,999%

	1 DoF: 2-8 
3 DoFs: 6-24 
6 DoFs: 12-48
	Stationary or Pedestrian
	100 km2
	Haptic 
(position, velocity)

	Skillset sharing low- dynamic robotics
(including teleoperation)
Controlee to controller
	5-10ms
	0.8 - 200 kbit/s (with compression)

	99,999%

	1 DoF: 2-8 
10 DoFs: 20-80 
100 DoFs: 200-800
	Stationary or Pedestrian
	100 km2
	Haptic feedback

	
	10ms
	1-100 Mbit/s
	99,999%

	1500
	Stationary or Pedestrian
	100 km2
	Video

	
	 10ms
	5-512 kbit/s
	99,9%

	50
	Stationary or Pedestrian
	100 km2
	Audio

	Skillset sharing Highly dynamic/ mobile robotics
Controller to controlee 
	1-5ms
	16 kbit/s -2 Mbit/s
(without haptic compression encoding);

0.8 - 200 kbit/s 
(with haptic compression encoding)
	99,999% (with compression)

99,9% (w/o compression)

	1 DoF: 2-8 
3 DoFs: 6-24 
6 DoFs: 12-48
	high-dynamic
	4 km2
	Haptic 
(position, velocity)

	Skillset sharing Highly dynamic/ mobile robotics
Controlee to controller
	1-5ms
	0.8 - 200 kbit/s 

	99,999% (with compression)
99,9% (w/o compression)

	1 DoF: 2-8 
10 DoFs: 20-80 
100 DoFs: 200-800
	high-dynamic
	4 km2
	Haptic feedback

	
	1-10ms
	1-10 Mbit/s
	99,999%

	2000-4000
	high-dynamic
	4 km2
	Video

	
	1-10ms
	100-500 kbit/s
	99,9%

	100
	high-dynamic
	4 km2
	Audio

	NOTE 1:	Motion-to-photon delay (the time difference between the user’s motion and corresponding change of the video image on display) is less than 20 ms, and the communication latency for transferring the packets of one audio-visual media is less than 10 ms, e.g. the packets corresponding to one video/audio frame are transferred to the devices within 10 ms.
NOTE 2:	According to IEEE 1918.1 [3] as for haptic feedback, the latency is less than 25 ms for accurately completing haptic operations. As rendering and hardware introduce some delay, the communication delay for haptic modality can be reasonably less than 5 ms, i.e. the packets related to one haptic feedback are transferred to the devices within 10 ms.
NOTE 3:	Haptic feedback is typically haptic signal, such as force level, torque level, vibration and texture. 
NOTE 4:	The latency requirements are expected to be satisfied even when multimodal communication for skillset sharing is via indirect network connection (i.e., relayed by one UE to network relay). 
NOTE 5:	In practice, the service area depends on the actual deployment. In some cases a local approach (e.g. the application servers are hosted at the network edge) is preferred in order to satisfy the requirements of low latency and high reliability.



6.x.2	Challenges and potential gaps
The PRs and KPIs referenced above are limited to a single-hop scenario.
[CPG-6.x.2-001] 5G system is expected to be evolved so that it can support some or all of the referenced PRs and KPIs 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.
[bookmark: _GoBack]
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