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Introduction
For Rel-19 XR Phase 3, we have the following objective [1]:
-	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].
During RAN2 #125bis, several agreements on this topic are reached:
	RAN2 #125bis Agreements:
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

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



This paper provides some of our views about support of Multi-Modal Services in RAN.

Discussions
RAN-Awareness of Multi-Modality Synchronization
A key requirement for multi-modality service is to ensure packets on multiple inter-correlated flows can be delivered simultaneously. According to TS 22.261 [2], for applications such as immersive VR, synchronisation between different media components is critical for optimisation of user experiences. For instance, for VR applications that require visual-tactile synchronization, the visual media component should not be delayed for more than 15ms when comparing to the tactile media component. While the benefit of such synchronization is clear in Application layer, it is questionable whether RAN should also be aware of such requirement, in order to configure/enable features that can facilitate achieving the synchronization among multiple modalities. 
In our view, the awareness of synchronization requirement among multiple modalities may represent an additional opportunity for RAN to save radio resource. Specifically, some applications may only be able to make use of the packets on different flows when they are concurrently delivered. In such cases, when the RAN/UE fails to achieve the synchronization (e.g. when a packet on one of the flows is discarded, or when a packet cannot be transmitted before the synchronization deadline) among multiple data flows, the RAN/UE may discard some of the pending packet in these flows as they may no longer be useful from Application perspective. 
Observation 1: With awareness of multi-modal synchronization requirement, RAN may discard the packets that have failed to achieve synchronization to save radio resource, if these packets do not provide additional benefits to the Application layer when multi-modal synchronization is failed.

Thus, to achieve RAN-awareness of multi-modal synchronization that can bring some benefits to the resource efficiency, we think the following information should be provided to RAN:
1. Multi-Modal Service ID (MMSID): According to TS 23.501 [3], the Multi-modal Service ID is an explicit indication that data flows are related to a multi-modal service. With such information, the RAN can know that QoS flows with the same Multi-Modal Service ID have the synchronization requirement.
2. Multi-Modal Service Integrated Handling Information (MMSIHI): This indicates whether the packets of multiple flows that have failed to achieve synchronization are still useful to the Application or not. In other words, whether the Application still can make use of the packets that are received after the synchronization deadline, or whether the Application still can make use of the packets when other packets that are required to be synchronized are already discarded. 
The MMSIHI can be provided per MMSID, which indicates whether discarding is allowed when synchronization is failed among the QoS flows with the same MMSID.
Proposal 1: The following information can be provided to RAN for awareness of multi-modal synchronization:
· Multi-Modal Service ID (MMSID): Indication of which QoS flows are inter-correlated.
· Multi-Modal Service Integrated Handling Information (MMSIHI): Indication of whether discarding is allowed when synchronization is failed.

If the information such as MMSID and MMSIHI listed in Proposal 1 are to be provided by the CN (e.g. originated from the AF), the feasibility of transferring such information to RAN from the CN should be confirmed by SA2, and hence we suggest RAN2 to send a LS to SA2 to ensure that such information can be made available at the RAN. Otherwise, the study may end up useless if CN cannot provide the information anyway.
Proposal 2: RAN2 should send a LS to SA2, to confirm the feasibility of transferring the information from CN to RAN about synchronization requirement among multiple data flows.

On the other hand, such information can be provided by the UE as well. By extending the UAI of uplink traffic information defined in Rel-18 XR, the UE could additionally indicate whether a QoS flow has a synchronization requirement with at least one other QoS flow(s), and whether discarding is allowed when synchronization among packets from these multiple flows is not fulfilled. 
Proposal 3: RAN2 can consider extending the UAI, that enables the UE to provide the assistance information relating to multi-modal synchronization among multiple uplink QoS flows to RAN.

Delay-Critical Data for Multi-Modality Synchronization
Rel-18 XR has introduced the mechanism of delay status reporting (DSR), which allows the UE to report a remaining time till discard timer expiry along with the data volume account for such delay. Once DSR is triggered, the UE may calculate the delay-critical data volume to be reported in DSR in accordance with TS 38.323 [4] and TS 38.322 [5].
Notably, a PDCP SDU can be considered as delay-critical PDCP SDU when the remaining time till expiration of its discard timer is smaller than a threshold. In addition, if PDU Set discarding is configured, any other packets belonging to the same PDU Set should also be considered as delay-critical, and should be included in the DSR data volume too. The intention is for the gNB to get an idea about how much data in the UE buffer should be transmitted within the indicated remaining time, so it can allocate suitable UL resource to make sure the delay-critical data (including packets in the same PDU Set) can be delivered in time before discarding.
If RAN aims to enable multi-modal synchronization, when DSR is triggered by a LCH with packets from a data flow with multi-modal synchronization requirement, we think the UE can also include the packets from another data flow that is to be synchronized as delay-critical PDCP SDUs, even if their respective remaining time till discard timer expiry is still long. Thus, the delay-critical data volume indicated in the DSR can include packets from the two (or more) flows that are needed to synchronized, and the gNB is able to timely allocate UL resource that is sufficiently large to accommodate data from these flows, before discarding of packets on one flow that may eventually leads to synchronization failure.
Proposal 4: To support multi-modal synchronization, the definition of delay-critical PDCP SDUs for DSR data volume calculation could be extended to include packets from another flow that needs to be synchronized.

Multiple Active DRX Configurations for Multi-Modality
It is indeed beneficial if the DRX cycle is configured to match the XR traffic periodicity, which allows the UE to monitor PDCCH only when it intends to transmit/receive a packet in accordance with the expected packet arrival rate. When the UE does not intend to transmit/receive the data, it does not need to monitor PDCCH and can save UE power.  If there is only one traffic flow whose traffic periodicity can match the supported DRX periodicity, the situation is quite straightforward as the UE can be configured with a DRX cycle that matches the traffic periodicity of the flow. To support XR traffic flows with non-integer periodicities (such as frame rates of 30, 60, and 90 fps), RAN2 has introduced rational number based on DRX cycles in Rel-18.
To support multi-modal services involving multiple traffic flows, one single DRX configuration may be insufficient to support efficient power saving. For instance, in video there may be two different streams corresponding to displays for FOV (Field of View) and omnidirectional view respectively, and the required refresh rate for these two streams can be quite different, which consequently result in different packet arrival rate for these flows.
Thus, in our opinions it is inefficient and not flexible enough to support multiple traffic flows concurrently with only one active DRX configuration. Specifically, if the DRX configuration is set in accordance with the periodicity of one of the traffic flows, some packets from another traffic flow may arrive in C-DRX OFF-duration and cannot be scheduled on time. This obviously can severely degrade the latency performance and hence XR user experience.
In light of this, for multi-modal services we think it is beneficial to have multiple DRX configurations that are activated simultaneously, in order to make sure the packets from different traffic flows can all be served on time. For example, two DRX configurations can be active at the same time, where the first DRX configuration is configured to handle video traffic flow by setting the periodicity to match video packet arrival rate, and the second DRX configuration is configured to handle audio traffic flow by setting the periodicity to match audio packet arrival rate. It is worth highlighting that, we are not suggesting that multiple active DRX configurations are always needed, but at least from specification perspective we should have such flexibility when it is deemed necessary, depending on the concerned XR application.
Proposal 5: To support multi-modal services involving multiple traffic flows with different packet arrival rates, RAN2 should consider multiple active DRX configurations in Rel-19.

Conclusions
In this paper, we have discussed some aspects that RAN2 can consider for Rel-19 XR on multi-modal services, with the following proposals:
Observation 1: With awareness of multi-modal synchronization requirement, RAN may discard the packets that have failed to achieve synchronization to save radio resource, if these packets do not provide additional benefits to the Application layer when multi-modal synchronization is failed.

Proposal 1: The following information can be provided to RAN for awareness of multi-modal synchronization:
· Multi-Modal Service ID (MMSID): Indication of which QoS flows are inter-correlated.
· Multi-Modal Service Integrated Handling Information (MMSIHI): Indication of whether discarding is allowed when synchronization is failed.
Proposal 2: RAN2 should send a LS to SA2, to confirm the feasibility of transferring the information from CN to RAN about synchronization requirement among multiple data flows.
Proposal 3: RAN2 can consider extending the UAI, that enables the UE to provide the assistance information relating to multi-modal synchronization among multiple uplink QoS flows to RAN.
Proposal 4: To support multi-modal synchronization, the definition of delay-critical PDCP SDUs for DSR data volume calculation could be extended to include packets from another flow that needs to be synchronized.
Proposal 5: To support multi-modal services involving multiple traffic flows with different packet arrival rates, RAN2 should consider multiple active DRX configurations in Rel-19.
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