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1. Introduction
· [bookmark: _Toc54284460]According to the latest New WID: XR (eXtended Reality) for NR Phase 3[1] , the following objectives are required:
	The Rel-19 XR ph3 objectives are as follows:
· 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]. 
· Note: Check in RAN#105 (check also other WG involvement if needed).
· Specify enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements (from inter-frequency RRM measurement gaps, or intra-frequency measurements, or other scheduling restrictions etc). [RAN1, RAN2, RAN4] 
· Specify the corresponding measurement gap and scheduling restriction to enable the identified enhancements with RRM performance impact taken into consideration, work being triggered by LS. [RAN4]
· Specify Enhancements for Scheduling, as follows: 
· For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
· Note: LCP implementation complexity need to be taken into account when evaluating solutions.
· Note: Check in RAN#105
· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 
· If justified, define a mechanism for transmitter to inform the receiver of SN gap (or missing SNs) in PDCP.
· Specify Core requirements related to the above objectives as necessary [RAN4]

Note: 	Whether / to what extent network exposure / RAN awareness / e.g. RAN involved rate control, possibly additional info for DL scheduling, parallel with SA2 work, shall be covered in this WI is TBD.




In this contribution we will discuss the above multi-modality support issue for XR in RAN2. 
2. Discussion
According to the service requirements defined in TS22.261 for 5G[2], relevant descriptions of the Multi-modal interactive system are provided, which include the input and output of different modalities, such as:
· Video/Audio media;
· Information received by sensors about the environment, e.g. brightness, temperature, humidity, etc.;
· Haptic data: can be feelings when touching a surface (e.g., pressure, texture, vibration, temperature), or kinaesthetic senses (e.g. gravity, pull forces, sense of position awareness).

2.1  Synchronization awareness
For immersive multi-modal VR applications, strict synchronization requirements exist between different media components to ensure the best user experience. In TS22.261, typical synchronization thresholds for immersive multi-modality VR applications are defined. These thresholds require that the latency difference between two or more modalities/businesses is less than the latency KPI. The example synchronization thresholds are presented in the following table. From this table, it is apparent that synchronization thresholds are a crucial reference factor for supporting multi-modal synchronous transmission.
[bookmark: _Hlk87540359]Table: Typical synchronization thresholds for immersive multi-modality VR applications
	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.



Observation 1: Synchronization thresholds are a critical reference factor for supporting multi-modal synchronous transmission.

In addition, SA2 has conducted research on 5GS-supported multi-modality flows coordinated transmission in Release18[3]. SA2 agrees that a multi-modal service is a communication service that comprises various interrelated data flows that require application coordination. These data flows can transmit different types of data (e.g., audio, video, positioning, haptic data) and may come from diverse sources such as a single UE, a single device, multiple devices connected to a single UE, or multiple UEs. In cases where a single UE is involved, these data flows are closely related and require strong application coordination for proper multi-modal application execution. Therefore, all data flows are transmitted within a single PDU session. According to SA2's research progress, for intra-UE multi-modality coordination transmission, i.e., synchronized transmission of multiple services within a UE, it is necessary to transmit synchronous transmission service flows within the same PDU session.

Observation 2: For synchronous transmission of multiple services within a UE, SA2 mandates that these synchronized transmission service flows should be transmitted within a single PDU session.

Based on the progress of SA1 and SA2, it is evident that intra-UE multi-modality coordination transmission is a vital transmission scenario for XR services. The synchronized transmission of multiple service data streams entails specific synchronization latency and transmission requirements. In order to support intra-UE multi-modality coordination transmission in RAN, synchronization awareness is essential. This involves enabling the RAN to aware of the synchronization requirements and synchronization information between data streams, which are provided by SA2/SA4. The synchronization information may include inter-QoS flows dependencies, synchronization thresholds, PDU Sets synchronization identity, and other pertinent details.

Proposal 1: To support RAN multi-modality coordination transmission, SA1/SA2 should provide synchronization requirements and synchronization information to RAN to realize synchronization awareness.

2.2  Synchronization transmission

 Synchronization scheduling
Based on the progress in SA2, for the single UE multi-modality coordination transmission, it is expected that the data flows are closely related and require strong application coordination. Therefore, all those data flows are transmitted in a single PDU session. Take DL multi-modality coordination transmission in the RAN shown in the below figure as an example, the synchronized transmission required QoS flows (QoS flow1, QoS flow2, QoS flow3) from the UPF arrive RAN through the same PDU session. To support intra-UE multi-modality coordination transmission in the RAN, two aspects need to be implemented. Firstly, RAN synchronization awareness is required to let RAN identify the synchronous transmission required QoS flows and the synchronization requirement. Secondly, RAN needs to consider synchronized scheduling of multi-modal QoS flows based on synchronization information to ensure synchronized transmission. To be specific, RAN's synchronization handling of multi-modal QoS flows requires addressing the following issues:
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Figure. DL multi-modality coordination transmission in the RAN

1　 Mapping multi-modal QoS flows to DRBs: RAN needs to consider how to map the synchronization required QoS flows from the upper layer to DRBs based on synchronization requirements. RAN can map multi-modal QoS flows to the same DRB (as shown in the above left figure), or to different DRBs (as shown in the above right figure). Furthermore, it also needs to be considered whether a PDCP entity needs to correspond to multiple RLC entities.

Observation 3: To support intra-UE multi-modality coordination transmission in the RAN, RAN2 needs to address the mechanism of mapping multi-modal QoS flows to DRBs.

2　 Synchronization DRB(s) scheduling: Based on the analysis above, intra-UE multi-modality business data flows in the RAN can be transmitted through a single DRB or multiple DRBs. For scenarios where the same DRB is used for transmission, RAN needs to consider the synchronization relationship of PDU Set from different multi-modal QoS flows within the same DRB for scheduling. For scenarios where multiple DRBs are used for transmission, RAN needs to consider the synchronization relationship among multiple DRBs for group scheduling.

Observation 4: To support intra-UE multi-modality coordination transmission in the RAN, RAN2 needs to address the mechanism of synchronization DRB(s) scheduling.

Proposal 2: To support RAN multi-modality coordination transmission, RAN2 needs to consider the mechanism of mapping synchronization QoS flows to DRB(s) and synchronization DRB(s) scheduling.

 Multiple active DRX configurations
Since XR services are periodic, and typical XR services like audio and video have different frame periods. If only one active DRX cycle is configured, for example, configuring the DRX cycle for the UE according to the video's period, the audio data cannot be scheduled in a timely manner, resulting in scheduling delay. In the scenario of multi-modal synchronized transmission, this situation becomes more severe, as the video data and audio data with strict timing synchronization requirements cannot meet the threshold requirements for synchronization delay difference. Based on this, it may be necessary to consider configuring multiple active DRX cycle for the UE at the same time based on the period of multi-modal services to ensure timely scheduling and synchronized transmission of multi-modal services.

Proposal 3: To support RAN multi-modality coordination transmission, RAN2 needs to consider multiple active DRX configurations .

3. Conclusion
In this contribution, we provided our observations and proposals on multi-modality support for XR as follows:
Observation 1: Synchronization thresholds are a critical reference factor for supporting multi-modal synchronous transmission.

Observation 2: For synchronous transmission of multiple services within a UE, SA2 mandates that these synchronized transmission service flows should be transmitted within a single PDU session.

Proposal 1: To support RAN multi-modality coordination transmission, SA1/SA2 should provide synchronization requirements and synchronization information to RAN to realize synchronization awareness.

Observation 3: To support intra-UE multi-modality coordination transmission in the RAN, RAN2 needs to address the mechanism of mapping multi-modal QoS flows to DRBs.

Observation 4: To support intra-UE multi-modality coordination transmission in the RAN, RAN2 needs to address the mechanism of synchronization DRB(s) scheduling.

Proposal 2: To support RAN multi-modality coordination transmission, RAN2 needs to consider the mechanism of mapping synchronization QoS flows to DRB(s) and synchronization DRB(s) scheduling.

Proposal 3: To support RAN multi-modality coordination transmission, RAN2 needs to consider multiple active DRX configurations .
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