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1 Introduction

During previous releases (before Rel-19), 3GPP defined powerful features, e.g., QoS, session management, mobility management, however almost all of them are designed for service delivery and control for a single flow or a single UE and had never considered the dependency among the flows for a UE or multiple UEs. The presence of new use cases/scenarios, e.g., Multi-modality and Metaverse, which includes coordinated transmission of multiple modality representations on UE device(s) associated with the same application, poses new requirements on the 5G network.

In this contribution, we provide some views on the potential requirements of the newly emerging services and analyse the potential challenges to the current NR techniques.
2 Discussion  
2.1 Backgrounds
While traditional 3GPP networks consider the QoS individually for UE device(s) when supporting peer to peer communications, many newly emerging services bring opportunities and challenges to 5G networks to consider the coordinated transmission of multiple services to or from one or more UE(s) associated with the same end user or across multiple end users. 
Multi-modal Data [1] describes the input data from different kinds of devices/sensors or the output data to different kinds of destinations (e.g. one or more UEs) required for the same task or application. Multi-modal Data consists of more than one Single-modal Data, and there is strong dependency among each Single-modal Data. In a typical multi-modality interaction system, Multi-modal Data consisting of video, audio, tactician (vibrations or other movements which provide haptic or tactile feelings to a person), are exchanged and processed. The application operator may provide the 5G network the traffic characteristics (e.g., packet size, latency) and the service requirement as well as additional KPIs for the associated data transmitted in a synchronized way. Noticed that TS 22.261[2] has documented a synchronization threshold which is defined as the maximum tolerable temporal separation of the two flows which can assist RAN’s scheduling such that these flows belonging to the same XR application of single UE will be coordinated in delivery and ensured flow synchronization. This was brought up by companies in Rel-18 XR, however because of time limit, it was not discussed.
Table 6.43.1-1: Typical synchronization thresholds for immersive multi-modality VR applications [2]
	Media components
	synchronization threshold (note 1)

	audio-tactile
	audio delay:

50 ms
	tactile delay:

25 ms

	visual-tactile
	visual delay:

15 ms
	tactile delay:

50 ms

	NOTE 1:  for each media component, “delay” refers to the case where that media component is delayed compared to the other.


XR or media services including multiple types of flows, e.g. video/audio stream, and haptic or sensor data for more immersive experience requires coordinated transmission for multi-modality flows that are related to each other and belong to a single UE or among multiple UEs as confirmed in [3]. In particular, the 5G system shall study whether and how to enable scheduling enhancements for delivering related tactile and multi-modal data (e.g. audio, video and haptic data related to a specific time) for an application to the user(s) at a similar time with QoS policy coordination for Multi-modal Data flows on a single UE or among multiple UEs. In addition, for some case, a group policy is predefined at application level for the group of UEs and the transport link of the multi-modal data for an application need to be guaranteed together. When one modal data is failed to be transmitted to the client, the data of the rest modals doesn't make sense anymore. So when the network allocates resource allocation for the QoS flows mapped for multiple modals data flows, those QoS flows should be handled together, e.g. setup together, or release together.

Mobile metaverse services as discussed in [4] are becoming more and more popular by offering shared and interactive user experience to users in the proximity or remotely, e.g., XR enabled collaborative engineering, remote critical health care. Similar as multi-modality communication services as XR, Metaverse services would involve coordination of input data from different devices/sensors from different users and coordination of output data to different devices at different destinations to support the same task or application to enable immersive remote collaboration despite significant distance between participants. The 5G system shall provide a means to synchronize the incoming data streams of multiple (sensor and rendering) devices associated to different users at different locations.

Hence, for Multi-modality and Metaverse when multiple UEs collaborating to conduct a task, only enhancement for one UE cannot meet the requirement of multi-modality use cases. An example is that the network needs to allocate resource allocation for the QoS flows mapped for multiple modals data flows considering that those QoS flows should be handled together, e.g. setup together, or release together. Thus, we see Multi-modality and Metaverse addressing coordinated transmission of multiple modality representations in a coordinated manner, in terms of QoS coordination, traffic synchronization for UE device(s) associated with the same end user or across multiple end users.
It may be envisaged that the coordination for UE device(s) may be realized at the application layer, but in this case the 3GPP system still serves each UE or each modality (in case of more than one modality per UE) as an individual without any association or relationship between them. For this reason the 3GPP system cannot provide a Multi-modality and Metaverse services with a higher performance.
Observation 1: New use cases/scenarios (e.g., multi-modality interactions, XR, Metaverse, etc) addressing coordinated parallel transmission imposes new requirements for 5G system.
2.2 Technical challenges
Thus, we consider that the 3GPP RAN should start a study on supporting the coordinated parallel transmission to face the newly emerging services bringing opportunities and challenges to 5G network. Since multiple modalities may involve a big number of UEs at a long distance, e.g., multi-modality telepresence, tens of UEs across different gNBs need synchronization for time and control signalling, we can consider UE device(s) under the same cell as the first step.

For some cases, Multi-modal flows belong to the same group must be successfully established at the same time. In a resource restricted environment, e.g. mobile network, it is hard to guarantee that the multi-modality services can always acquire all the inputs with the requested QoS. It is better that the 5GC can guarantee this when allocating resource for the QoS flows with strong dependency. For example, a video conference call requires both audio and video data streams to be successfully delivered. If the video stream fails, the conference call can continue only with audio. However, if the audio stream fails the conference call is typically terminated. Hence some joined access control and/or connection control of UE devices involved in a multi-modality service needs to be supported. In the case the QoS requirements of different flows all need to be fulfilled, the NW should consider group QoS coordination requirements (i.e. group QoS fulfilment, group resource reservation) at the network side. An example is when multiple UEs are required to collect the different data and all the data are related to each other, the resource allocation and scheduling of 5GS should have to consider the performance requirement simultaneously across multiple coordinated UEs. Some coordinated scheduling can be considered.
Hence, we propose a new SI in RAN to address the coordinated parallel transmission of multiple modality representations in Multi-modality and Metaverse as the following: 
Proposal: To support Multi-modality and Metaverse, RAN is kindly requested to consider the SI with the following objections:
· Study the scenarios for coordinated parallel transmission, including UE device(s) associated with the same end user or across end users under the same cell or across cells;
· UE device(s) under the same cell will be the high priority;
· Multi-modality traffic flows coordination transmission within one UE is also included;
· Study and specify the control plane procedure design for coordinated parallel transmission, including coordinated RRC connection management for initiated services from the UE device(s) associated with the same end user or across end users;
· Coordinated connection control (e.g., joined access control, joined UAC)
· Study and specify the user plane procedure design for coordinated parallel transmission, including coordinated scheduling to fulfil the QoS coordination, traffic synchronization from the UE device(s) associated with the same end user or across end users;
· Synchronized transmission (e.g., subject to synchronization thresholds);
· Coordinated scheduling;
3 Conclusion 
Observation 1: New use cases/scenarios (e.g., multi-modality interactions, XR, Metaverse, etc) addressing coordinated parallel transmission imposes new requirements for 5G system.
Proposal: To support Multi-modality and Metaverse, RAN is kindly requested to consider the SI with the following objections:

· Study the scenarios for coordinated parallel transmission, including UE device(s) associated with the same end user or across end users under the same cell or across cells;
· UE device(s) under the same cell will be the high priority;
· Multi-modality traffic flows coordination transmission within one UE is also included;
· Study and specify the control plane procedure design for coordinated parallel transmission, including coordinated RRC connection management for initiated services from the UE device(s) associated with the same end user or across end users;
· Coordinated connection control (e.g., joined access control, joined UAC)

· Study and specify the user plane procedure design for coordinated parallel transmission, including coordinated scheduling to fulfil the QoS coordination, traffic synchronization from the UE device(s) associated with the same end user or across end users;
· Synchronized transmission (e.g., subject to synchronization thresholds);

· Coordinated scheduling;
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