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1 Introduction

During the previous releases (before Rel-18), 3GPP defines powerful features, e.g., QoS, session management, mobility management, almost all are designed for one UE. And at network side, the UE context is also managed per UE granularity by Network Functions, e.g., by UDM/SMF/AMF, etc. and the majority of the features are based on the assumption that one UE can finish the task. However, with presence of new use cases/scenarios, e.g., multi-modality interactions, which includes coordinated parallel transmission of multiple modality representations on UE device(s) associated with the same application, this poses new requirements on the 5G network and on multi-UE coordination.

In this contribution, we provide the use cases and potential requirements of the newly emerging services and analyse the potential challenges to the current NR techniques.
2 Discussion  
2.1 Use cases for Multi-UE coordination 
While traditional 3GPP networks consider the QoS individually for UE devices when supporting peer to peer communications many newly emerging services bring opportunities and challenges to 5G networks to consider the coordinated parallel transmission of multiple services to or from one or more UE(s) associated with the same end user or across multiple end users. 
· Examples1: Multi-modality interactions
Multiple individual modalities can be used in combination in the service to provide complementary data streams that may supplement some redundancy but convey more complete information effectively. With the benefit of combining input from more than one source and/or output to more than one destination, interpretation in communication services will be more accurate and faster, and in the meantime the response can also be quicker and the communication service will be all together more compelling, smoother and natural[1]. The multi-modality interactions combine multiple modalities, e.g., video, audio media and haptic data, giving people immersive experiences and have been widely used in multiple fields including telepresence, virtual reality, gaming, education, etc.
In the multi-modality interaction system a modality is a type or representation of information in a specific interaction system. More specifically, in a multi-modality interaction system, an end user may use a single device or a plurality of independent devices to separately collect video, audio, ambient and haptic data and transmit them simultaneously to the relevant servers for further processing. For multi-modality output, multiple outcomes from the servers may need to reach the distributed UEs simultaneously. An example is the multi-modality interactions for online concert [2] while musicians from different places co-work with each other via 5G communication:
[image: image9.png]



Fig. 1 multi-modality interactions for online concert
Note:

· The performance of each musician is captured by the video cameras and microphones, i.e., the multi-modality data is sent to the server simultaneously. The server mixes sound and renders video to produce multimedia data and send this to the conductor’s UE device(s) to display the video and playback the music. 

· The conductor’s direction is captured by a video camera and sent simultaneously to each musician via the server.
· In the scenario of sound field reappearing, different channels of sounds are sent to the distributed sound boxes to simulate the sound from a particular direction. A small time difference may cause big direction error to impact user experience. In some cases, time difference of 1ms may cause more than 30° angle error [3]. 
Additional use cases for Multi-modality can be found in [1]: 

· Immersive Multi-modal Virtual Reality application

· Remote control robot, 
· Immersive VR games 

· Support of Skillset Sharing for Cooperative Perception and Maneuvering of Robots 
For example, Immersive Multi-modal Virtual Reality application describes the case of a human interacting with virtual entities in a remote environment such that the perception of interaction with a real physical world is achieved. Players or users use devices such as a VR glasses type of device, the gloves and other potential devices that support haptic and/or kinesthetic modality where these devices are first connected to 5G UE(s) and then connected to the Immersive Multi-modal Virtual Reality application via the 5G network. As such, the application operator may in advance provide the 5G network the traffic characteristics (e.g., packet size, latency) and the service requirement for network connection and additional KPIs for haptic, audio and video synchronization is still under discussion in SA1.
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 Fig. 2 multi-modality interactions for Immersive Multi-modal Virtual Reality
· Example2: Federated Machine Learning[4]
Federated machine learning (FL) is a machine learning framework where independent clients (e.g., mobile phones or IoT devices) collaboratively train a ML model under the coordination of a central server (e.g., service provider) while keeping the local training data decentralized. The FL server aggregates the interim training results from the federated UEs wherein skipping a device from federated learning model aggregation for iterations would affect the convergence of the federated learning model. Thus Federated Machine Learning over wireless communications systems imposes new requirements for 5G system on multi-UE coordination.
Hence, we see new use cases/scenarios (e.g., multi-modality interactions, federated machine learning, etc.) addressing coordinated parallel transmission imposes new requirements for 5G system on multi-UE coordination in terms of QoS coordination, traffic synchronization from or to the UE device(s) associated with the same end user or across multiple end users.
Observation 1: New use cases/scenarios (e.g., multi-modality interactions, federated machine learning, etc) addressing coordinated parallel transmission imposes new requirements for 5G system on multi-UE coordination.
2.2 Technical challenges
As analyzed above, for multi-modality services, the multi-modality outputs, i.e. the multi-modality data are generated based on inputs from multiple sources. In the multi-modality interaction system, modality is a type or representation of information and multi-modality interaction is the process during which information of multiple modalities are exchanged and processed. 
Thus, we consider that the 3GPP RAN should start a study on supporting the multi-UE coordination 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 signaling. For a first part we can consider UE device(s) associated with the same end user under the same cell as the first priority.
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Fig. 3 UE device(s) associated with the same end user under the same cell will be the high priority
The robustness of multi-modality data, depends on the availability and the quality of the multi-modality inputs. 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. For cases where some low priority inputs are not available or the high priority inputs are provided with reduced QoS, the multi-modality services can still generate the multi-modality data but possibly with imperfect performance while for some cases all the modalities are mandatory for a task. The multiple modality inputs may be provided by a single UE or multiple UEs, thus only enhancement for one UE cannot meet the requirement of multi-modality use cases. Hence some coordinated access control and/or connection control of UE devices involved in a multi-modality service needs to be supported. 
It may be considered that the APP may have sufficient awareness that the UEs are working in tandem and be able to have the oversight of what each is doing in order to provide adequate coordination. However, the APP layer is not aware of the radio conditions and as such may trigger the services in vain and without coordination at the access layer causing a waste of radio resources. An example of coordinated access control is for a bunch of access attempts for UE device(s) rather than ensuring a single access attempt for a UE(s) which facilitates a single task when all the multi-modality data are mandatory. More specifically, the current access barring check is performed for only for each single access attempt rather than a bunch of access attempts in a UE. For example an AI task when all the multi-modality data in the UE(s) are mandatory, partial allowance is not valid for this case, e.g., a lack of one out of 3 multi-modality streams will cause the application server to drop the data received from the 2 acquired multi-modality streams and hence already consumed radio resources are wasted. Another example for the coordinated connection control is if a UE cannot serve the multi-modality interaction system anymore, e.g., running out of coverage, or running out of power, or suffering radio link failure, a gNB can choose the backup or make alternative connection options or inputs to guarantee the Multi-modality robustness and is more timely to responded compared by the APP layer. To reduce impact on the CN, the coordination of PDU session(s) of UE device(s) associated with the same end user can be further considered as a potential enhancement involving only SA2/CT1.
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Fig. 4 Coordination of PDU session(s) of UE device(s) associated with the same end user
In the case where multiple UEs are required to collect the different data (e.g., multi-modality interactions for online concert or Synchronous Federated Machine Learning), and all the data are related to each other, and are transferred to the mixing center/central server for further processing at the same time or within strict time range. The data from the multiple UEs are highly correlated but currently the 3GPP system can only guarantee each UE with a dedicated performance not targeting to guarantee multiple UEs in a coordinated manner. In such case, the resource allocation and scheduling have to consider the performance requirement simultaneously across multiple coordinated UEs. Besides the KPIs for specific use cases, e.g. data rate, latency, transfer interval, survival time, etc., the new multi-modality QoS which may consist of a combination of QoS requirements for each single-modality data or the integrated QoS requirement for multi-modality data is discussed in SA1. To support this, the RAN needs to address service requirement of different types of media steams with coordinated throughput, latency and reliability. In addition, the synchronization of these parallel media information is also required to ensure best service experience. 
The objective of this WI is to study multi-UE coordination at the RAN-level or Core Network level to fulfil the requirement of newly emerging services which address the coordinated parallel transmission of multiple services from UE device(s) to UE device(s) associated with the same end user or across end users. Hence, we propose:
Proposal: To support the multi-UE coordination, RAN is kindly requested to consider the enhancements including the following functions:
· Study the scenarios for multi-UE coordination, including UE device(s) associated with the same end user or across end users under the same cell or across cells;
· UE device(s) associated with the same end user under the same cell will be the high priority;
· Study and specify the control plane procedure design for multi-UE coordination, 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., Coordinated unified access control)
· Study and specify the user plane procedure design for multi-UE coordination, 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;
· Coordinated scheduling 
· Synchronized transmission
· Study and specify Power saving for multi-UE;
A WID is provided in [5].
3 Conclusion 
Observation 1: New use cases/scenarios (e.g., multi-modality interactions, federated machine learning, etc) addressing coordinated parallel transmission imposes new requirements for 5G system on multi-UE coordination.
Proposal: To support the multi-UE coordination, RAN is kindly requested to consider the enhancements including the following functions:

· Study the scenarios for multi-UE coordination, including UE device(s) associated with the same end user or across end users under the same cell or across cells;
· UE device(s) associated with the same end user under the same cell will be the high priority;
· Study and specify the control plane procedure design for multi-UE coordination, 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., Coordinated unified access control)

· Study and specify the user plane procedure design for multi-UE coordination, 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;
· Coordinated scheduling 
· Synchronized transmission
· Study and specify Power saving for multi-UE;
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