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Introduction
In XR Ph3 WID [1], multi-modality aspects are specified 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).


At the inaugural RAN2 meeting for XR Ph3 (RAN2#125-bis, Changsha, April 2024), the following agreements were made pertaining to multi-modality support:
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 document discusses how RAN protocols support the multi-modality efficiently and effectively, in line with the agreements above. 

Preliminary: Multi-Modal Data and Use Case
Before we discuss the detail on RAN enhancement, we need to review what is multi-modality and which target use cases exist. First of all, the definition of multi-modal data is defined in TR 23.700-60 [2]:
	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.


The key characteristic of multi-modal data is dependency among each single-modal data. The next question is what this dependency in detail is. Key Issue #1 in TR 23.700-60 [2] provides an example as follows:
	The application client(s) of the different types of data of one application may be located at one UE. In another case, there are multiple types of devices, e.g. VR glasses, gloves and other devices that support haptic and/or kinaesthetic modalities, and these devices connect through wireline to a single UE that can access the 5GS.
The objective of this Key Issue is to study how to enhance 5GS to better support the coordinated delivery of application traffic streams that are related to each other and belong to a single UE. In particular, this key issue will study:
-	Whether and how to enable, for a single UE, policy enhancements for delivering related tactile and multi-modal data (e.g. audio, video and haptic data related to a specific time) for an application to the user at a similar time (e.g. QoS policy coordination).
-	Potential enhancements to policy control to support coordination handling at the application.
-	Whether and how interaction between AF and 5GS is performed for application synchronization and QoS policy coordination between multiple QoS flows of a single UE.


The major consideration is synchronized delivery, i.e. delivery of multi-modal data to the user at a similar time, which is called “QoS policy coordination.” This is the scheduler’s responsibility in RAN scheduler, i.e. gNB, so the dependency can be used at the gNB to support efficient scheduling of radio resources. Thus, the following two observations should be the direction of RAN enhancement related to multi-modality support in Rel-19 XR.
Observation 1. The major consideration of dependency is synchronized delivery of multi-modal data.
Observation 2. Dependency among each single-modal data can be used by gNB to support efficient scheduling of radio resources.

Discussion
Multi-modality Modeling and Mapping in RAN Protocol
As already agreed at RAN2#125-bis:
Existing QoS flow to DRB mapping framework is used as a baseline, i.e. up to gNB how to map QoS flows to DRBs

As mentioned in the previous section, the key issue #1 in TR23.700-60 specifies that similar traffic delivery time is important for multi-modal data. This means that in-sequence delivery needs to be guaranteed. One open issue here is whether a multi-modal inter-dependency service can be served by multiple DRBs. 
Our view is that traffic synchronization requires in-sequence delivery. We would therefore first like to confirm the following:
Proposal 1. RAN2 to confirm that reordering is a prerequisite of a multi-modal inter-dependency service requiring traffic synchronization.
Since in-sequence delivery is a PDCP feature at AS, it is natural to serve multi-modal inter-dependent traffic by the same DRB. On the contrary, QoS flows served by different DRBs can be interpreted as independent traffic flows without inter-dependency. We therefore propose:
Proposal 2. In Rel-19 XR, RAN2 enhancement of multi-modality will focus on multi-modal inter-dependent traffic is served by the same DRB. RAN2 specification does not support inter-dependency procedure across DRBs.

NW Awareness of Multi-Modal Data
As quoted above, RAN2#125-bis made the following agreement:
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.
Traditionally, data scheduling in RAN is always under network control based on gNB’s configuration of radio resource and scheduling mechanisms. Since the direction of multi-modality support in RAN is related to data scheduling, gNB needs to know the existence of data for multi-modal application, and this is what the agreement immediately above captures. 
However, gNB may not know multi-modal inter-dependency, as there is no CN spec support. At this moment, UE is the only entity which can indicate this information to the gNB. Thus, we see that the UE needs to provide information on multi-modality association by uplink assistance signaling. The relevant information to be reported can be QFIs and association information.
To address the FFS in the above agreement, we propose the following:
Proposal 3. UE reports existence of multi-modality application and association information among QFIs to gNB.

Potential Enhancements
There may be various potential enhancements which consider the information related to multi-modal data with inter-dependency. One direction may be an enhancement of packet discard procedure considering multi-modal data, as an extension of PDU set discard. If two PDU sets have very strong dependence, discard of one PDU set means that another PDU set does not need to be transmitted. In this case, both PDU sets’ data need to be discarded for resource efficiency, which is a key metric as identified in the WID.
Proposal 4. Discard of one PDU set can trigger discard of another PDU sets with inter-dependence within the DRB.
It may be possible that different QFs of the same multi-modality service are served by different DRBs. In this case, inter-PDU set discard can be extended to the case of across the DRBs. However, multi-modality traffic assume similar delay requirement (especially on delivery time at the final destination). In-sequence delivery at PDCP and the same DRB seem to be most likely a pre-requisite.
Proposal 5. Multi-modality discard across the DRBs is not supported in Rel-19 XR.
An issue is how the UE determines the multi-modal data with inter-dependency:
Proposal 6. RAN2 to further study the determination of multi-modality inter-dependence (synchronization details).

Conclusion
RAN2 is asked to discuss and agree the following observations and proposals:
Observation 1. The major consideration of dependency is synchronized delivery of multi-modal data.
Observation 2. Dependency among each single-modal data can be used by gNB to support efficient scheduling of radio resources.
Proposal 1. RAN2 to confirm that reordering is a prerequisite of a multi-modal inter-dependency service requiring traffic synchronization.
Proposal 2. In Rel-19 XR, RAN2 enhancement of multi-modality will focus on multi-modal inter-dependent traffic is served by the same DRB. RAN2 specification does not support inter-dependency procedure across DRBs.
Proposal 3. UE reports existence of multi-modality application and association information among QFIs to gNB.
Proposal 4. Discard of one PDU set can trigger discard of another PDU sets with inter-dependence within the DRB.
Proposal 5. Multi-modality discard across the DRBs is not supported in Rel-19 XR.
[bookmark: _GoBack]Proposal 6. RAN2 to further study the determination of multi-modality inter-dependence (synchronization details).
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