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1. Introduction
In RAN#103, the revised WID of R19 XR is agreed [1]. The objective for multi-modality is 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]. 
In this contribution, we will discuss use cases, target requirements of multi-modality and possible solutions to support multi-modality.
2. Discussion
2.1 Use cases and target requirements of XR Multi-modality
According to the SA1 definition in TR 22.847 [2], for a typical tactile and multi-modality communication service/application, there can be different modalities affecting the user experience, e.g.:

· Video/Audio media;

· Information perceived 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).
The related definitions are defined for multi-modality communication service:
Multi-modal Data: Multi-modal Data is defined to describe the input data from different kinds of devices/sensors or the output data to different kinds of destinations (e.g. one or more UEs) required for the same task or application. Multi-modal Data consists of more than one Single-modal Data, and there is strong dependency among each Single-modal Data. Single-modal Data can be seen as one type of data.

Synchronisation threshold: A multi-modal synchronisation threshold can be defined as the maximum tolerable temporal separation of the onset of two stimuli, one of which is presented to one sense and the other to another sense, such that the accompanying sensory objects are perceived as being synchronous.
Typical synchronization thresholds for immersive multi-modality VR applications have been defined in TR 22.261[3].
Table 6.43.1-1: 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.


In SA2, R18 XR captured some enhancements to support multi-modal services. Multi-modal Service ID is introduced to indicate that the data flows are related to a same multi-modal service. The AF may provide to the PCF a Multi-modal Service ID for QoS policies.
For single UE case, all those data flows are transmitted in a single PDU session. For multiple UEs case, all those data flows are transmitted over separate PDU Sessions to/from the involved UEs. Besides, QoS monitoring function for Multi-modal Service is also introduced in R18. 
In R18 XR WI of RAN only focused on enhancements for single modal communication. There is no guarantee for synchronized transmission of different QoS flows in RAN which may cause synchronization discrepancy between two or more QoS flows is less than the latency KPI, which will bring a negative impact on the user experience.
Observation 1: The synchronization threshold of multi-modal QoS flows should be met with RAN support.
In legacy mobility of NR, the partial handover is supported where only parts of QoS flows of UE are admitted in the target gNB. For the multi-modal service, it will not be acceptable if only parts of multi-modal QoS flows admitted in target gNB during the handover procedure which will bring disaster to user experience. Therefore, the coordinated treatment for multi-modal QoS flows is needed in RAN at least in mobility scenario.
Observation 2: The performance of multi-modal service will be impaired by the partial QoS flows admission in target gNB during the handover procedure.
Observation 3: Coordinated treatment for multi-modal QoS flows in CP plane is needed in RAN. 
The multi-modal services consist of single UE case and multiple UEs case, we prefer to focus on the single UE case in R19 considering the work load and TU limitation.

Proposal 1: For multi-modal services enhancements, confirm RAN2 should focus on single UE case in R19.
2.2 Possible directions
Some enhancements in RAN are needed to satisfy the target requirements of XR Multi-modality. At first, the RAN awareness of the multi-modality information should be the basis of other optimizations, e.g., synchronized transmission and coordinated treatment in RAN. As RAN is agnostic of the Multi-modal Service ID in R18. The multi-modality information may consist of the Multi-modal Service Id, synchronisation threshold, inter dependency and so on.
Proposal 2: Study the RAN awareness of the multi-modality information.
To meet synchronization threshold of multi-modal QoS flows, the synchronized transmission in RAN is needed. For DL, the synchronized transmission can be up to gNB implementation based on the acquired the multi-modality information. However, for UL, in order to achieve the synchronized transmission, some enhancements for LCP can be studied. Some UE assistance information may be also needed for gNB to allocate appropriate resources for UE.
Proposal 3: Study LCP enhancement for synchronized transmission of multi-modal QoS flows.
Proposal 4: Study UE assistance information to assist gNB scheduling for synchronized transmission of multi-modal QoS flows.
In R18 XR, the PDCP PDU discard mechanism for PDU set and PSI based discard for load control are introduced. For multi-modal QoS flows, considering the inter dependency among multi-modal QoS flows, when packet(s) of one QoS flow is discarded, the corresponding packet(s) of another QoS flow should also be discarded together because it will be useless. Therefore, enhancement of discard mechanism considering inter dependency among multi-modal QoS flows is needed.
Proposal 5: Study discard enhancement considering inter dependency among multi-modal QoS flows.
3. Conclusion

In this contribution, we discussed use cases, target requirements of multi-modality and possible solutions to support multi-modality, we have the following proposals:
Use cases and target requirements:

Observation 1: The synchronization threshold of multi-modal QoS flows should be met with RAN support.
Observation 2: The performance of multi-modal service will be impaired by the partial QoS flows admission in target gNB during the handover procedure.
Observation 3: Coordinated treatment for multi-modal QoS flows in CP plane is needed in RAN. 
Proposal 1: For multi-modal services enhancements, confirm RAN2 should focus on single UE case in R19.
Possible directions of enhancements:

Proposal 2: Study the RAN awareness of the multi-modality information.

Proposal 3: Study LCP enhancement for synchronized transmission of multi-modal QoS flows.
Proposal 4: Study UE assistance information to assist gNB scheduling for synchronized transmission of multi-modal QoS flows.
Proposal 5: Study discard enhancement considering inter dependency among multi-modal QoS flows.
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