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1. Introduction
In RAN2#125bis meeting, RAN2 achieved the following agreements on the support of multi-modality [1].
	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-modal 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 DRB


In this contribution, we will continue to discuss the topic of multi-modality and give our views.

2. Discussion
2.1. Use cases and requirement
In the Clause 6.43 of the TS 22.261 [2], the use cases of multi-modal communication service and the related typical synchronization requirement has been captured as below. 
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Figure 1: Multi-modal interactive system [2] 
Table 1: Typical synchronization thresholds for immersive multi-modality VR applications [2] 
	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: Based on TS 22.261, the traffic of different modalities for immersive multi-modality VR application has synchronization requirement.

In the RAN2#125bis meeting, RAN2 discuss the necessity of the support of multi-modality in RAN and achieved the following agreement:
	· RAN2 will focus on analysing potential usage and benefits (e.g., in terms of capacity and power saving) of multi-modal association knowledge 


In Rel-18, SA2 has supported the multi-modal service via policy control enhancement. Specifically, the AF provides for each data flow that belongs to the multi-modal service a Multi-modal service ID to PCF. Based on the explicit indication of Multi-modal service ID, PCF can identify the associated flows and generate the suitable QoS policy for each data flow. However, the association of the data flows is not visible for RAN. Thus, the multi-modal service may not be well supported by RAN in Rel-18. For example, not all QoS flows carrying the multi-modal flow for a multi-modal service will setup successfully during PDU session setup procedure due to RAN control, e.g., reduce load in serving cell, radio resource not available. This will significantly impact the user experience of immersive multi-modal XR application due to lack of several multi-modal flows. Even all QoS flows carrying the multi-modal flow for a multi-modal service, RAN cannot always guarantee that the transmission of the QoS flows can satisfy the synchronization threshold as defined in TS 22.261. The reason is that the current RAN scheduling does not consider the association relationship of multiple LCHs/flows and relative delay packet. Given multi-modal association knowledge at RAN, RAN can guarantee that all the QoS flows for a multi-modal service will be setup successfully and the data transmission of QoS flows for a multi-modal service can satisfy the synchronization requirement as defined in TS 22.261.
Observation 2: Due to lack of multi-modal association knowledge at RAN, several QoS flows for a multi-modal service may fail to be setup, e.g., due to RAN load control.

Observation 3: With multi-modal association knowledge at RAN, RAN can provide coordination transmission to satisfy the synchronization requirement as in TS 22.261, which has benefit in term of user experience.
Proposal 1: RAN2 confirms that RAN awareness of multi-modal association knowledge has benefit in term of improving user experience of multi-modal XR application with synchronization requirement.
As mentioned in Observation 3, RAN can provide coordination transmission to satisfy the synchronization requirement if the multi-modal association knowledge is visible for RAN. Based on this, RAN2 should study solutions to enable the coordination transmission of different types of flows for multi-modal service to a single UE to achieve the synchronization performance KPIs as defined in the table 1 above.

Proposal 2: RAN2 to study solutions to achieve the synchronization requirement of multi-modal service defined in TS 22.261. 

As captured in TS 22.261, in some cases, several flows of multi-modal service are closely related to each other. So, if these flows of multi-modal service can be delivered to the UE at a similar time, the user could enjoy multi-modality communication and have a better user experience. However, it is not clear whether such synchronization requirements should be flow level or packet level. 
For example, one packet#1 of multi-modal flow#1 has strong dependency with one packet#2 of multi-modal flow#2. The delay difference between these two packets should be less than a threshold. In another example, packets of multi-modal flow#1 have a strong dependency with packets of multi-modal flow#2. The average delay difference between these packets belonging to multi-modal flow#1 and multi-modal flow#2 should be less than a threshold. As different levels of synchronization requirement may result in totally different solutions, it is suggested that RAN2 firstly discuss whether the synchronization requirement defined in TS 22.261 should be satisfied based on flow level or packet level. 
Proposal 3: RAN2 to discuss whether the synchronization requirements defined in TS 22.261 should be satisfied based on QoS flow level or packet level.
2.2. Traffic Mapping Modeling
In the last meeting, regarding the traffic mapping, RAN2 achieved the following agreements:
	· RAN2 assumes that traffic of different modals having different QoS requirements is mapped to different QoS flows

· Existing QoS flow to DRB mapping framework is used as a baseline, i.e. up to gNB how to map QoS flows to DRB


Per agreements above, multi-modal flows can be mapped into same or different DRB based on the existing QoS flow to DRB mapping framework. Based on this, to support multi-modality in RAN, the coordination transmission of multi-modal flows in the same/different DRBs should be studied.
Proposal 4: Coordination transmission of multi-modal flows in the same/different DRBs should be studied. 

In the last meeting, regarding the traffic mapping modelling, RAN2 also agreed,
	· 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


In the current L2 protocol architecture, RAN scheduling is based on LCH granularity. Based on the LCH parameters (e.g., priority, LCP restriction parameter), the service data from different LCHs will have differentiated QoS handling over the air interface. When the different XR traffic flows belonging to the same Multi-modal service and having different QoS requirements are mapped into different DRBs, these XR flows will be further mapped to different LCHs, which is naturally supported by the current L2 protocol architecture. However, when the different XR traffic flows belonging to the same Multi-modal service and having different QoS requirements are mapped into same DRBs, these XR flows will be further mapped to same LCHs based on the current L2 protocol architecture. To identify the differentiated QoS handling over the air interface, the L2 protocol architecture should be enhanced to support RLC bearer splitting for DRB carrying multi-modal flows.
Proposal 5: RAN2 to consider RLC bearer splitting is applied to the DRB carrying multi-modal flows.

2.3. Potential solutions
In the last meeting, RAN2 achieved the following agreement on 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-modal ID, association between the flow, synchronization requirement etc.


To enable coordination transmission in RAN, the association of multi-modal flows should be visible to RAN. The association relationship can be indicated by Multi-modal service ID as Rel-18. For example, during the PDU session setup/modify procedure, each QoS flow can be associated with a MMSID. Based on the MMSID, RAN can identify which QoS flows are related to a same multi-modal service. If only the association relationship is known by RAN, RAN will schedule multiple QoS flows for a same multi-modal service based on the most stringent QoS requirement among these QoS flows to guarantee that these QoS flow arrive the receiver at the similar time. This will aggravate the shortage of RAN radio resource, which may cause congestion. To solve this, the synchronization requirement (e.g., synchronization threshold) should also be provided to RAN.
Proposal 6: Synchronization assistance information for multi-modal service (e.g., association between the flow, synchronization threshold) should be provided from CN to RAN. 

As mentioned above, several multi-modal flows for a multi-modal service have strong dependencies. Thus, the RAN scheduling of these flows should be tightly related. For example, when data packet of one multi-modal flow is failed to be transmitted, the data packets of the rest multi-modal flows may not be needed anymore. From RAN scheduling perspective, the data packets of the rest multi-modal flows should not be scheduled anymore. This may result in the SDU discard triggering across the same/difference DRBs. In another example, when the delay difference of multi-modal flows is going to reach the synchronization threshold, RAN should provide timely scheduling to avoid out of sync between flows for multi-modal service, e.g., time awareness scheduling. 
Proposal 7: RAN2 to study potential scheduling enhancements to meet the synchronization requirement of multi-modal flows, e.g., discard across same/multiple DRBs, delay awareness scheduling.

2.4. Haptic service
In TS 22.261, the tactile and multi-modal communication has been studied and captured as:

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).

According to TS 22.261, haptic data is one of the importance types of data in immersive multi-modal VR applications. The corresponding KPI(s) for haptic data is defined Clause 7.11 of TS 22.261 [1], as below:
Table 2: Multi-modal communication service performance requirements
	Use Cases
	Characteristic parameter (KPI)
	Influence quantity
	Remarks

	
	Max allowed end-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	Message size (byte)
	UE Speed
	Service Area
	

	Immersive multi-modal VR (UL: device ( application sever)
	5 ms
(note 2)
	16 kbit/s -2 Mbit/s

(without haptic compression encoding);

0.8 - 200 kbit/s 

(with haptic compression encoding)
	99.9% (without haptic compression encoding)

99.999% (with haptic compression encoding)

[40]
	1 DoF: 2-8 

3 DoFs: 6-24 

6 DoFs: 12-48 

More DoFs can be supported by the haptic device
	Stationary or Pedestrian
	typically 

< 100 km2
(note 5)
	Haptic feedback

	
	5 ms
	< 1Mbit/s
	99.99%

[40]
	1500
	Stationary or Pedestrian
	typically 

< 100 km2
(note 5)
	Sensing information e.g. position and view information generated by the VR glasses


It can be found that haptic data has a stringent delay requirement (i.e., 5ms) and variable message size/periodicity, which cannot be well supported by the current mechanism, e.g., DG/CG. It is suggested that RAN2 study the potential enhancement to well support the haptic data.

Proposal 8: RAN2 to study potential solutions to support haptic data. 

2.5. Impacts on other WGs
· Synchronization level

As proposed in Proposal 2, RAN2 should first study whether the synchronization requirements defined in TS 22.261 should be satisfied based on QoS flow level or packet level. Anyway, whether/how to satisfy the synchronization requirements defined in TS 22.261 should be confirmed with SA2/SA1/[SA4]. 
· Traffic mapping
RAN2 has agreed that “RAN2 assumes that traffic of different modals having different QoS requirements is mapped to different QoS flows”. However, it is not clear whether different modal flows can be mapped to the same QoS flow. It is suggested to send SA2 an LS to ask whether this kind of mapping is feasible and if so whether RAN should to treat those differently over the air interface
· RAN awareness
As proposed in Proposal 7, synchronization assistance information for multi-modal service (e.g., association between the flow, synchronization threshold) should be provided from CN to RAN. RAN can send an LS to confirm with SA2 if it is possible that this synchronization assistance information for multi-modal service (e.g., association between the flow, synchronization threshold) can be provided by CN to RAN.
In summary, an LS should be sent to SA with the above aspects.

Proposal 9: Send an LS:
· To SA2/SA1 to ask whether the synchronization requirements defined in TS 22.261 should be satisfied based on QoS flow level or packet level.
· To SA2 to inform RAN2 agreements on traffic mapping and ask whether different modal flows can be mapped to the same QoS flow and if so whether RAN should to treat those differently over the air interface.
· To SA2 to ask whether it is feasible that Synchronization assistance information for multi-modal service (e.g., association between the flow, synchronization threshold) can be provided from CN to RAN.
3. Conclusion 
In this contribution, we discussed the topic of multi-modality support. Based on the above discussion, we have the following observations and proposals:
Observation 1: Based on TS 22.261, the traffic of different modalities for immersive multi-modality VR application has synchronization requirement.

Observation 2: Due to lack of multi-modal association knowledge at RAN, several QoS flows for a multi-modal service may fail to be setup, e.g., due to RAN load control.

Observation 3: With multi-modal association knowledge at RAN, RAN can provide coordination transmission to satisfy the synchronization requirement as in TS 22.261, which has benefit in term of user experience.

Proposal 1: RAN2 confirms that RAN awareness of multi-modal association knowledge has benefit in term of improving user experience of multi-modal XR application with synchronization requirement.

Proposal 2: RAN2 to study solutions to achieve the synchronization requirement of multi-modal service defined in TS 22.261. 

Proposal 3: RAN2 to discuss whether the synchronization requirements defined in TS 22.261 should be satisfied based on QoS flow level or packet level.

Proposal 4: Coordination transmission of multi-modal flows in the same/different DRBs should be studied. 

Proposal 5: RAN2 to consider RLC bearer splitting is applied to the DRB carrying multi-modal flows.

Proposal 6: Synchronization assistance information for multi-modal service (e.g., association between the flow, synchronization threshold) should be provided from CN to RAN. 

Proposal 7: RAN2 to study potential scheduling enhancements to meet the synchronization requirement of multi-modal flows, e.g., discard across same/multiple DRBs, delay awareness scheduling.

Proposal 8: RAN2 to study potential solutions to support haptic data. 
Proposal 9: Send an LS:

· To SA2/SA1 to ask whether the synchronization requirements defined in TS 22.261 should be satisfied based on QoS flow level or packet level.
· To SA2 to inform RAN2 agreements on traffic mapping and ask whether different modal flows can be mapped to the same QoS flow and if so whether RAN should to treat those differently over the air interface.
· To SA2 to ask whether it is feasible that Synchronization assistance information for multi-modal service (e.g., association between the flow, synchronization threshold) can be provided from CN to RAN.
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