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1 Introduction
In RAN #102 meeting, new work item on Rel-19 XR Phase 3 is approved with the following newest scope [1]:
	The Rel-19 XR Phase 3 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. 

-
Specify Core requirements related to the above objectives as necessary [RAN4]

· Extend Release 18 standalone mechanism to support NR-NR dual connectivity as follows [RAN3]

· PDU set based handling 

· ECN marking 

· Burst Arrival Time reporting, if needed

· PSI Discard coordination, if needed

· Note: No RAN2 impact from above items

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 provide some general views on the need for synchronization and/or coordination for meeting multi-modal QoS requirements.
2 Discussion
A multi-modal service is a communication service that consists of several data flows that relate to each other and that are subject to application coordination. The data flows can transfer different types of data (for example audio, video, positioning, haptic data) and may come from different sources (e.g. a single UE, a single device or multiple devices connected to the single UE, or multiple UEs). For the single UE case, RAN has decided to study aspects related to multi-modality and 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. 
And from SA2’s previously input a tag, i.e., Multi-modal Service ID is used to explicitly indicate that data flows are related to a multi-modal service such that the PCF may use this information to derive the correct PCC rules and to apply appropriate QoS policies as show below [2]:
	The Nnef_AFsessionWithQoS service allows the AF to provide, at the same time, for each data flow that belongs to the multi-modal service, a Multi-modal Service ID, the service requirements and the QoS monitoring requirements:

-
The Multi-modal Service ID is an explicit indication that data flows are related to a multi-modal service. The PCF may use this information to derive the correct PCC rules and to apply appropriate QoS policies for the data flows that are part of a specific multi-modal application.

-
The AF may provide QoS monitoring requirements for data flows associated to a multi-modal service to the PCF . The PCF generates the authorized QoS Monitoring policy for each data flow.

NOTE:
In order to start the QoS monitoring for the data flows associated to a multi-modal service within a certain period of time, the PCF needs to receive the QoS monitoring requirements for those data flows from AF within a single request or, in case of multiple requests, within a short period of time.


Clearly, those data streams that are closely related and require strong coordination should be aware in gNB for a proper scheduling. Obviously, the information to indicate that data flows are related to a multi-modal service should be known in gNB. For DL, multi-modality awareness will be provided by CN in gNB which involves RAN3 while for UL, multi-modality awareness will be provided by UE in gNB. An example is UE reports to the NW by assistance information that which data flows are related to a multi-modal service. 
Proposal 1 For DL, multi-modality awareness will be provided by CN in gNB while for UL, multi-modality awareness will be provided by UE in gNB. 
Since the data from multi-modal QoS flows are highly correlated it is better that the 5G system can guarantee each QoS flows in a coordinated manner. In such case, the access control and scheduling have to consider the performance requirement simultaneously across multi-modal QoS flows. An example of coordinated access control is applied for a bunch of access attempts for multi-modal QoS flows on multiple DRBs when handover happens. For such case, rather than ensuring a single access attempt for amulti-modal QoS flow but to ensuring multiple access attempts for multi-modal QoS flows would be much better for a single task when all the multi-modality flows are mandatory. 
Proposal 2  RAN2 should study the control plane procedure design for multi-modality coordination, e.g., coordinated access control.
In the meanwhile, 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. Example synchronization thresholds are summarised in table 6.43.1-1 in [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 our standing, synchronization thresholds are for the scheduling requirement for gNB. gNB should have timely delivery of the related multi-modal QoS flows. Similarly, synchronization threshold awareness will be provided by CN in gNB while for UL, synchronization threshold awareness will be provided by UE in gNB. UE can even report whether the synchronization threshold is fulfilled by gNB for timely scheduling.
Proposal 3 For DL, synchronization thresholds will be provided by CN in gNB while for UL, synchronization thresholds will be provided by UE in gNB. 

In the meanwhile, multi-modality application with Multiple QoS flows with multi-modal inter-dependencies is introduced which brings new multi-modal QoS requirements, e.g. synchronization and/or coordination. Due to the current separate handling of the audio and video component, the 5G system will have to cater for the audio-video synchronisation in order to avoid having a negative impact on the user experience. To better support multi-modality application, the 5G system shall further study whether the current LCP procedure is sufficient meet synchronization requirement for multi-modal flows. A simple way for implementation is to configure multi-modal flows to LCHs in the same LCG or with the same priority to help scheduling together. Further enhancement e.g. LCP enhancements to guarantee synchronization can be considered once the requirement of multi-modal QoS is clear enough. 

Proposal 4   For multi-modal QoS requirements, LCP enhancement will not be considered until the requirement of multi-modal QoS is clear enough. 
In Rel-18, PDU set based discard is introduced and only intra-PDU set dependency is considered. We see people have interest for discarding performed across PDU sets/QoS flows. However, we noticed that SA2 did not agree the inter-PDU set dependency, either in the same QoS flow or across QoS flows in case of multi-modality. Hence, PDU set based discarding across PDU sets/QoS flows should not be considered until we get requirement from SA2.
Proposal 5   PDU set based discarding across PDU sets/QoS flows should not be considered until we get requirement from SA2.
In Rel-18, there have been proposals on introducing multiple active DRX configurations for XR as different XR traffic flows may have different periodicities, e.g. some flows (e.g. video) may have non-integer valued periodicity, while others may have integer valued periodicity. However, because of limited time, it is not discussed fully. And the opponents think traffic flows other than video, e.g. control messages, voice, pose update, etc, has low data rate and regular size per cycle hence SPS/CG configurations can be sufficiently to support this. Hence, a single DRX configuration, together with multiple SPS/CG configurations or power saving features is used to support mixed traffic flows with different periodicities.  

However, when we discussing multi-modality, the input and output can be different modalities including Video/Audio media, information received by sensors about the environment, e.g. brightness, temperature, humidity, etc., which may not always be have low data rate and regular size per cycle. We are not sure whether multi-modality flows can be efficiently supported by SPS/CG configurations. Hence, study on multiple independent DRX configurations can be considered in Rel-19 XR.
Proposal 6  Study on multiple independent DRX configurations can be considered in Rel-19 XR.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1 For DL, multi-modality awareness will be provided by CN in gNB while for UL, multi-modality awareness will be provided by UE in gNB. 
Proposal 2  RAN2 should study the control plane procedure design for multi-modality coordination, e.g., coordinated access control.
Proposal 3 For DL, synchronization thresholds will be provided by CN in gNB while for UL, synchronization thresholds will be provided by UE in gNB. 

Proposal 4   For multi-modal QoS requirements, LCP enhancement will not be considered until the requirement of multi-modal QoS is clear enough. 
Proposal 5   PDU set based discarding across PDU sets/QoS flows should not be considered until we get requirement from SA2.
Proposal 6  Study on multiple independent DRX configurations can be considered in Rel-19 XR.
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