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1. Introduction
In this contribution, we discuss multi-modality support for XR by focusing on the WI objective as follows [1]:
	Objective: 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.
Including aspects such as: 
· what kind of multi-modality information is useful at the gNB and/or UE
· how is this information used by the gNB/UE and what benefits this brings
· what are the potential benefits and enhancements from multi-modal awareness depending on traffic direction (UL/DL)
· identification of potential impacts on other WGs due to multi-modal awareness enhancements
· other enhancements for multi-modal traffic, e.g. power saving, scheduling 



RAN2#125bis [2] made the following agreements:
	RAN awareness of multi-modality
For the purpose of study, RAN2 assumes that UE and gNB have some kind of multi-modal information. FFS what information is needed/useful, e.g. just mulit-0modal ID, association between the flow, synchronization requirement etc.
RAN2 will study both UL and DL directions based on the assumption of multi-modality association knowledge at RAN/UE
RAN2 will focus on analysing potential usage and benefits (e.g. in terms of capacity and power saving) of multi-modal association knowledge 
Areas to study include: synchronization between the flows, FFS impact on QoS insurance and other areas
Traffic mapping
RAN2 assumes that traffic of different modals having different QoS requirements is mapped to different QoS flows
For different XR traffic flows belonging to the same Multi-modal service and having different QoS requirements, it should be possible to provide differentiated QoS handling over the air. RAN2 should study if that is possible with current mechanism or new ones are needed
Existing QoS flow to DRB mapping framework is used as a baseline, i.e. up to gNB how to map QoS flows to DRBs




2. [bookmark: _Hlk110844968][bookmark: _Hlk110945629]Enhancements for multi-modal flows
[bookmark: _Hlk146703871][bookmark: _Hlk146703952]Multi-modality was initially identified by SA1 for the tactile and multi-modal communication service [3] and has been discussed in Rel-18 SA2 [4]. Only a few enhancements that may be relevant to the RAN were identified as part of the SA2 study. In Rel-18, SA2 specified a multi-modal service ID, which is provided by the application to the CN to indicate the inter-dependency of different data flows to a multi-modal service. In Rel-18 the multi-modality info is not provided by the CN to the RAN, and as such, the Rel-18 enhancements in RAN/AS did not address aspects specific to multi-modality.

Multi-modal awareness at RAN
There are inherent dependencies in video traffic, between different PDUs of a PDU set that corresponds on one frame such that all PDUs of the PDU set are needed for the successful decoding of the PDU set and between different PDU sets such that PDU sets corresponding to one type of frame (i.e., P-/B- frame) are differential frames dependent on the original frame (i.e., the I-frame). 
According to SA1 [3], for immersive multi-modal VR applications, synchronization between different media components is critical in order to avoid having a negative impact on the user experience (i.e., viewers detecting lack of synchronization), particularly when the synchronization threshold between two or more modalities is less than the latency KPI for the application. Transmission of the coordinated flows (e.g., audio, visual and tactile) translate into a synchronization requirement between the flows. These types of synchronization are typically handled by the application, but awareness of the coordinated flows at the lower layers may also be beneficial to the user experience. 
One way to address the issues related to multi-modality in the RAN is to use an alternative QoS associated with the multi-modal flows during uplink and downlink transmissions. For example, if there are dependencies between some flows and in the event the QoS of a video flow cannot be met temporarily such that an alternative QoS has to be applied, the QoS of a dependent audio flow can also be adjusted so that a similar delay is experienced by all the dependent flows. The alternative QoS approach, which is specified in SA2 [4], can consist of a prioritized list of multiple QoS levels (e.g., combination of PDB, PER) associated with a flow that the application is able to support and make adaptations accordingly.
For downlink traffic, any dependency/synchronization requirements and exposure of related information to the RAN can be left to SA2/RAN3. For the uplink, the network may not be aware of dependency/synchronization requirements of the traffic generated by the application in the UE. If the UE is aware of any dependency/synchronization requirements between dependent flows in the uplink, reporting such information to the network may assist the network in resource provisioning and scheduling. The UE may report multi-modality information to the network via the UAI framework. Such information may include any parameter that characterizes the dependency/synchronization requirements between the flows, including the multi-modal service ID, an indication of association between flows and any synchronization requirements between the flows.

Proposal 1:	Awareness of dependency/synchronization information in the downlink can be left to SA2/RAN3.
Observation 1:	Awareness of dependency/synchronization information in the uplink is useful for resource provisioning and scheduling.
Proposal 2:	Enhance UAI to report on dependency/synchronization information of dependent uplink multi-modal flows.
Proposal 3:	Dependency/synchronization information includes the multi-modal service ID, an indication of association between flows and any synchronization requirements between the flows.

Capacity enhancements from multi-modal awareness
Per agreements in R2#125bis, areas on synchronization between multi-modal flows and impact on QoS will be studied. The assumption is that traffic of different modals having different QoS requirements can be mapped to different QoS flows. XR traffic flows belonging to the same multi-modal service and having different QoS requirements should be differentiated in terms of QoS handling over the air. RAN2 should study if that is possible with current mechanism or new ones are needed. 
In the current LCP procedure, logical channels are served in a decreasing order or priority up to their PBR, not taking into account any remaining time for delay-critical data that may be sitting in the UE buffer. With this approach based on the associated static logical channel priorities, data with a larger remaining time may end up getting multiplexed in a MAC PDU before data with a smaller remaining time if the latter is mapped to a lower priority logical channel. As explained in our companion contribution [5], this may negatively impact the overall system capacity if the data with smaller remaining time cannot meet its respective PDB/PSDB. For multi-modal applications, the impact on the system capacity may be even greater since there exists a synchronization requirement between dependent flows, in addition to the absolute delay requirement for individual PDUs/PDU sets. 
Observation 2:	Awareness of dependency/synchronization information is useful to minimize delay for synchronized transmission of dependent flows. 
Proposal 4:	Discuss enhancements to LCP to consider synchronization requirements between dependent flows when multiplexing data in a MAC PDU.

Power saving enhancements from multi-modal awareness

Support of multiple active CDRX cycles was discussed in Rel-18 XR but was not agreed since the motivation for it was not strong as multi-modal flows were not in scope for Rel-18. In the context of multi-modal flows where the UE may support multiple flows with different traffic patterns, it can be beneficial to support multiple active CDRX configurations corresponding to the different flows. For example, for a traffic flow with relatively low arrival rate and small payload sizes (e.g., audio data flow), a dedicated CDRX configuration with low periodicity and short ON duration can be applied instead of using a single CDRX configuration with high periodicity and long ON duration that is configured to support multiple traffic patterns. Essentially, by using multiple active CDRX configurations that match with the traffic patterns of different flows it is possible to tailor the CDRX parameters/configurations to the individual flows and realize both power savings gains and meet the QoS requirements of each flow.
Proposal 5:	Study and enhance multiple active DRX configurations to achieve power saving gains for multi-modal flows.
3. Conclusion
In this contribution, the following observations are made:
Observation 1:	Awareness of dependency/synchronization information in the uplink is useful for resource provisioning and scheduling.
Observation 2:	Awareness of dependency/synchronization information is useful to minimize delay for synchronized transmission of dependent flows. 

Based on this, the following proposals are made:
Proposal 1:	Awareness of dependency/synchronization information in the downlink can be left to SA2/RAN3.
Proposal 2:	Enhance UAI to report on dependency/synchronization information of dependent uplink multi-modal flows.
Proposal 3:	Dependency/synchronization information includes the multi-modal service ID, an indication of association between flows and any synchronization requirements between the flows.
Proposal 4:	Discuss enhancements to LCP to consider synchronization requirements between dependent flows when multiplexing data in a MAC PDU.
Proposal 5:	Study and enhance multiple active DRX configurations to achieve power saving gains for multi-modal flows.
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