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1. [bookmark: _Toc18404533][bookmark: _Toc18403966][bookmark: _Toc18413600]Introduction
The Rel-19 XR Phase 3 WI [1] has an objective for muliti-modality in RAN:
	[bookmark: OLE_LINK5]-	Study and if justified, specify aspects related to multi-modality (intra-UE) (with coordination with SA2/SA4 as needed by LS request). Aim to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. [RAN2]. 



In this contribution we investigate the potential enhancements for multi-modality supported in RAN. 
2. Multi-Modality Requirements and Supported in RAN
As an emerging business, the popularity and ecosystem scale of XR business have shown an explosive growth trend in the past two years. Furthermore, the demands of commercial market for new XR services are promising from operators’ point of view. One of new XR services is multi-modality, especially for meta
[bookmark: OLE_LINK2]universe scenario, more use cases require more than visual traffic for immersive user experience. Haptic traffic is one of the typical multi-modal traffic which has potential application in industrial and medical scenarios. 
[bookmark: OLE_LINK4]In SA, multi-modality requirements have been studied and illustrated in [2]. As shown in Table 1, different modal traffics have different service requirements such as data rates, latency and reliability targets. 
Table 2.1: Multi-modal communication service performance requirements
	Use Cases
	Characteristic parameter (KPI)
	Modality and type of data

	
	Max allowed end-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	

	Immersive multi-modal VR (UL: device  application sever)
	5 ms

	16 kbit/s -2 Mbit/s
(without haptic compression encoding);

0.8 - 200 kbit/s 
(with haptic compression encoding)
	[99.9%] (without haptic compression encoding)

[99.999%] (with haptic compression encoding)
	Haptic feedback

	
	5 ms
	< 1Mbit/s
	[99.99%]
	Sensor information e.g. position and view information generated by the VR glasses

	Immersive multi-modal VR (DL: application sever  device)
	10 ms

	1-100 Mbit/s
	[99.9%]
	Video

	
	10 ms
	5-512 kbit/s
	[99.9%]
	Audio

	
	5 ms

	16 kbit/s -2 Mbit/s
(without haptic compression encoding);

0.8 - 200 kbit/s 
(with haptic compression encoding)
	[99.9%] (without haptic compression encoding)

[99.999%] (with haptic compression encoding)
	Haptic feedback




[bookmark: OLE_LINK1]Table 2: Typical synchronization thresholds for immersive multi-modal VR applications
	
	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.



Furthermore, Table 2 shows typical synchronization thresholds of multi-modal traffic which is captured in [2]. A single QoS flow corresponds to a single set of E2E requirements as defined in current specifications. If multi-modalities are related to different QoS, the synchronization between different modalities may not be achievable, potentially leading to a degraded user experience.  
Observation 1: Different modal traffics have unique service requirements, such as data rates, latency, and reliability targets. 
Observation 2: Different modal traffics have inter-dependency, and the management of multiple QoS flows should be enhanced.
As the requirements for multi-modality are clear, RAN2 should specify the potential solutions to meet multi-modal QoS requirements, e.g. synchronization and/or coordination. And other solutions to enable multi-modality in RAN level should not be precluded.
Proposal 1: RAN2 should at least specify the potential solutions to meet multi-modal QoS requirements, e.g. synchronization and/or coordination.
[bookmark: OLE_LINK6][bookmark: OLE_LINK9]To satisfy the above requirements for multi-modal, RAN needs to be aware the multi-modal dependency for QoS flow and PDU set handling. For QoS flow multi-modal dependency, there are potential two options for one QoS flow and multiple QoS flows. 
[bookmark: OLE_LINK8]Option 1: multi-modal traffics are mapped to one QoS flow, and use sub-QoS flow or subset to illustrate different service requirements and dependency.
[bookmark: OLE_LINK7]Option 2: multi-modal traffics are mapped to different QoS flows, e.g. QoS flow A and QoS flow B, and clear indicators for the dependencies among different QoS flows need to be provide.
These options should be thoroughly discussed and resolved. If RAN2 is unable to reach a decision, a LS to SA2/4 may be required to confirm feasibility and make a final determination on the options presented.
Proposal 2: For managing QoS flow dependencies in multi-modal scenarios, RAN2 to explore both the single QoS flow and multiple QoS flows options, and if necessary, send an LS to SA2/4 for further evaluation and decision-making. 
3. Conclusion
[bookmark: _Toc18403976][bookmark: _Toc18404543][bookmark: _Toc18413612]In this contribution, we have the following observations and proposals:
Observation 1: Different modal traffics have unique service requirements, such as data rates, latency, and reliability targets. 
Observation 2: Different modal traffics have inter-dependency, and the management of multiple QoS flows should be enhanced. 
Proposal 1: RAN2 should at least specify the potential solutions to meet multi-modal QoS requirements, e.g. synchronization and/or coordination.
Proposal 2: For managing QoS flow dependencies in multi-modal scenarios, RAN2 to explore both the single QoS flow and multiple QoS flows options, and if necessary, send an LS to SA2/4 for further evaluation and decision-making. 
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