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1. Introduction
[bookmark: Proposal_Pattern_Length]This document continues discussion on whether/how to enhance UE and RAN operation considering multi-modality related information considering latest 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
1. Discussion
Considering RAN2#125bis agreements, it can be claimed that when different QoS flows belonging to the same multi-modal service have different QoS requirements, they are mapped into different QoS flows and it will be up to RAN to perform the proper mapping to DRBs in order to guarantee their corresponding required QoS. From RAN2 point of view, it could assume as baseline alternative 111 would need to be supported/allowed, i.e. each XR traffic flow with different QoS requirements which belongs to the same multi-modal service is mapped to its own QoS flow and correspondingly to its own DRB and RLC entity.
[bookmark: _Toc165905190][bookmark: _Toc165925131][bookmark: _Toc165925133][bookmark: _Toc165962791][bookmark: _Toc166156760][bookmark: _Toc166156798][bookmark: _Toc166156951][bookmark: _Toc166157022][bookmark: _Toc166158245]Alternative 111 (i.e., 1 QoS flow: 1 DRB: 1 RLC) is allowed when mapping multiple/different XR traffic flows of one multi-modal services to QoS flows and DRBs (which is considered as a baseline scenario based on RAN2#125bis agreements). I.e., each XR traffic flow with different QoS requirements that belongs to the same multi-modal service is mapped to its own QoS flow and correspondingly to its own DRB and RLC entity.
References to SA1 and SA2 specifications were provided in TDoc submitted in RAN2#125bis, such as in [1], to explain the definition/scope of multi-modal service/indication and their corresponding requirements/characteristics highlighting the following:
· SA1 provides typical examples of synchronization thresholds for immersive multi-modality in TS 22.261.
· SA2 defines multi-modal service functionality for policy control purpose in Rel-18 TS 25.503.
A multi-modal service is a communication service that consists of several data flows that relate to each other and 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)”)
[bookmark: _Toc162874185][bookmark: _Toc162874682][bookmark: _Toc163117937][bookmark: _Toc163140075][bookmark: _Toc163140130][bookmark: _Toc163140402][bookmark: _Toc165905191][bookmark: _Toc165925132][bookmark: _Toc165925134][bookmark: _Toc165962792][bookmark: _Toc166156761][bookmark: _Toc166156799][bookmark: _Toc166156952][bookmark: _Toc166157023][bookmark: _Toc166158246]SA2 provides typical examples of synchronization thresholds for immersive multi-modality and SA2 includes multi-modal service definition and identifier for policy control purpose since Rel-18.
The following justifies how multi-modal service kind of information could be used to improve RAN2 related operations:
(a) Reduce unnecessary traffic over the air by skipping (re)transmission of packets when “inter-related packets” are unnecessary. This “inter-related packets” refer to packets from different QoS flows belonging to the same multi-modal service that are associated/related considering the synchronization between those different XR flows. Unnecessary packets are when their related ones fail or are discarded, such, when not meeting their associated delay budget or expires their transmission for one of the related XR traffic flows.
(b) UL scheduling enhancements to prioritize or coordinate (re)transmissions of inter-related packets of different XR traffic flows. The description of “inter-related packets” of previous point (a) also applies here with the difference that UE and RAN use this information to prioritize or coordinate data transmission of the those related XR traffic flows of the specific multi-modal service.
(c) UE power saving by better aligning the C-DRX is with the different/simultaneous XR traffic flows. Each XR traffic flow belonging to a multi-modal service can have its own and different QoS requirements and traffic characteristics. This may be different periodicities or active traffic duration among others.
(d) Awareness of multi-modal information in UE AS layer and RAN. If UE AS layer and RAN had awareness of multi-modal information/association between the different XR traffic flows (DRBs), further enhancements could also be defined to improve the selection of the optimum configuration(s), scheduling, prioritization, etc. 
Proposal 1. [bookmark: _Ref165903649][bookmark: _Toc165905195][bookmark: _Toc165925135][bookmark: _Toc165962782][bookmark: _Toc166156762][bookmark: _Toc166156771][bookmark: _Toc166156780][bookmark: _Toc166156789][bookmark: _Toc166157024][bookmark: _Toc166158247]Multi-modal service kind of information could be used by RAN2 to (a) reduce traffic over the air (e.g., by skipping (re)transmission of packets when “inter-related packets” are unnecessary), (b) , enhance UL scheduling (e.g., to prioritize or coordinate (re)transmissions of inter-related packets), (c) improve UE’s power consumption (e.g., by better aligning the C-DRX is with the different/simultaneous XR traffic flows) and (c) awareness of multi-modal service information in UE AS layer and RAN (e.g., to improve operations such as selection of configurations).

Enhancements for inter-related XR traffic by reducing unnecessary traffic over the air and enhancing UL scheduling
Different XR traffic (e.g., audio, visual, tactile, haptic) is assumed periodic with some potential associated jitter (except for pose/control in UL which does not have jitter). Moreover, when those different XR traffic belong to one multi-modal service for one UE, synchronization information may be available between those inter-related XR traffic, such as maximum/tolerable delays between them. If so, this synchronization information of a multi-modal service could be used in a coordinated manner by UE/RAN (i.e., it should be prioritized or coordinate the delivery successful or not of the inter-related XR traffic).
Figure 1 provides an example on how the inter-delay related information may be applied between packets from three different XR traffic flows (A, B, C) that belongs to the same multi-modal service.
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[bookmark: _Ref162873881]Figure 1. Example of inter-related maximum delays at the RX side for traffic (B) and (C) with (A) (where traffic flows (A), (B) and (C) belongs to a given multi-modal service).
On summary, RAN2 and SA2 would need to confirm the target requirements to address for Multi-modal service and later discuss the corresponding enhancements if any.
Proposal 2. [bookmark: _Toc162874192][bookmark: _Toc162874208][bookmark: _Toc162874689][bookmark: _Toc162908951][bookmark: _Toc163117944][bookmark: _Toc163130854][bookmark: _Toc163140082][bookmark: _Toc163140138][bookmark: _Toc163140411][bookmark: _Ref165902999][bookmark: _Toc165905196][bookmark: _Toc165925136][bookmark: _Toc165962783][bookmark: _Toc166156763][bookmark: _Toc166156772][bookmark: _Toc166156781][bookmark: _Toc166156790][bookmark: _Toc166157025][bookmark: _Toc166158248]To enhance UE AS/RAN operation (e.g., discard, UL scheduling) for inter-related packets of different XR traffic flows belonging to the same multi-modal service in order to meet their inter-related synchronization (or maximum tolerable) delays (i.e., between packets of those different XR traffic flows when arriving at the receiver side).
Proposal 2.1. [bookmark: _Toc165905197][bookmark: _Toc165925137][bookmark: _Toc165962784][bookmark: _Toc166156764][bookmark: _Toc166156773][bookmark: _Toc166156782][bookmark: _Toc166156791][bookmark: _Toc166157026][bookmark: _Toc163117945][bookmark: _Toc163130855][bookmark: _Toc163140083][bookmark: _Toc163140139][bookmark: _Toc163140412][bookmark: _Toc166158249]Send LS to SA2 and SA4 informing and asking for input, if any, on Proposal 2 and on the following baseline assumptions:
Proposal 2.1.1. [bookmark: _Toc165905198][bookmark: _Toc165925138][bookmark: _Toc165962785][bookmark: _Toc166156765][bookmark: _Toc166156774][bookmark: _Toc166156783][bookmark: _Toc166156792][bookmark: _Toc166157027][bookmark: _Toc166158250] Each XR traffic flow with different QoS requirements that belongs to the same multi-modal service can be mapped to its own QoS flow and correspondingly to its own DRB (i.e., alternative 111 is allowed when mapping multiple/different XR traffic flows of one multi-modal services to QoS flows and DRBs).
Proposal 2.1.2. [bookmark: _Toc162874189][bookmark: _Toc162874205][bookmark: _Toc162874686][bookmark: _Toc162908948][bookmark: _Toc163117941][bookmark: _Toc163130851][bookmark: _Toc163140079][bookmark: _Toc163140135][bookmark: _Toc163140408][bookmark: _Toc165905199][bookmark: _Toc165925139][bookmark: _Toc165962786][bookmark: _Toc166156766][bookmark: _Toc166156775][bookmark: _Toc166156784][bookmark: _Toc166156793][bookmark: _Toc166157028][bookmark: _Toc166158251]RAN and UE AS layer can have visibility on the association/relation between different XR traffic flows belonging to a Multi-modal Service, including when different QoS flows belong to one common multi-modal service and potentially, some synchronization information (such as, maximum tolerable delays between different XR traffic flows belonging to the same multi-modal service as explained in §6.43 of TS 22.261).

UE’s power consumption improvement
From power consumption point of view, it seems helpful to also enhance UE’s C-DRX operation considering that majority of XR traffic flows can be assumed periodic with certain jitter as explained above. We suggest for RAN2 to define new mechanisms that allow a UE to use multiple C-DRX configurations (or part of the configuration) in order to better fit the current/ongoing XR data traffic, as shown in Figure 2. 
[image: ]
[bookmark: _Ref162908799]Figure 2. Combined C-DRX active time for multiple C-DRX configurations in used
Another aspect to discuss is whether those multiple DRX parameters (or configurations) can be (a) applied/used at the same time (i.e, in parallel) or (b) only pre-configured and UE switches between them (based on UE or network trigger). To get the maximum benefit when using multiple CDRX parameters/configurations, it seems preferable if UE uses them (1) in parallel or (2) switches without network indication but based on some pre-defined/configured rules/events or (3) with minimal signaling (e.g., L1 or maybe MAC CE) to trigger the change. If approach (3) has support, RAN1 input would be required to understand whether L1 signaling could be easily enhanced if multiple CDRX parameters/configurations are applied/used at the same time (i.e., in parallel) depending on the XR traffic flow.
Proposal 3. [bookmark: _Toc118367183][bookmark: _Toc118405027][bookmark: _Toc118405064][bookmark: _Toc162908952][bookmark: _Toc163117947][bookmark: _Toc163130857][bookmark: _Toc163140085][bookmark: _Toc163140141][bookmark: _Toc163140414][bookmark: _Ref165905086][bookmark: _Toc165905200][bookmark: _Toc165925140][bookmark: _Toc165962787][bookmark: _Toc166156767][bookmark: _Toc166156776][bookmark: _Toc166156785][bookmark: _Toc166156794][bookmark: _Toc166157029][bookmark: _Toc166158252]RAN2 defines a mechanism to allow the usage of multiple C-DRX configurations (or parameters) within a DRX group of a MAC entity. FFS whether they are used in parallel or whether certain trigger is used to switch between them.

Awareness of multi-modal info. in UE AS layer and RAN
Previous enhancements assume that some kind of multi-modal information is available in UE AS layer and RAN as captured in RAN2#125bis assumption. Moreover, this multi-modal information could be:
· Identification of the different QoS flows that belong to the same multi-modal service, such as multi-modal identifier already defined by SA2
· Inter-related synchronization between different QoS flows that belong to the same multi-modal service defined for example, as a maximum tolerable delay between packets of those different QoS flows when arriving at the receiver side.
Proposal 4. [bookmark: _Toc165925142][bookmark: _Toc165962788][bookmark: _Toc166156768][bookmark: _Toc166156777][bookmark: _Toc166156786][bookmark: _Toc166156795][bookmark: _Toc166157030][bookmark: _Toc22282239][bookmark: _Toc22282246][bookmark: _Toc22282358][bookmark: _Toc46740193][bookmark: _Toc46740247][bookmark: _Toc46740405][bookmark: _Toc46740418][bookmark: _Toc109242485][bookmark: _Toc109242518][bookmark: _Toc109242569][bookmark: _Toc148975999][bookmark: _Toc165905202][bookmark: _Toc166158253]Inform SA2 and SA4 about RAN2 needs multi-modal service kind information available in UE AS layer and RAN including, if possible:
Proposal 4.1. [bookmark: _Toc165925143][bookmark: _Toc165962789][bookmark: _Toc166156769][bookmark: _Toc166156778][bookmark: _Toc166156787][bookmark: _Toc166156796][bookmark: _Toc166157031][bookmark: _Toc166158254]Identification of the different QoS flows that belong to the same multi-modal service.
Proposal 4.2. [bookmark: _Toc165925144][bookmark: _Toc165962790][bookmark: _Toc166156770][bookmark: _Toc166156779][bookmark: _Toc166156788][bookmark: _Toc166156797][bookmark: _Toc166157032][bookmark: _Toc166158255]Synchronization requirements between different QoS flows that belong to the same multi-modal service defined, for example, as the maximum tolerable delay between packets of those different QoS flows when arriving at the receiver side. 
[bookmark: _Toc465993148][bookmark: _Toc465993084]
1. Conclusion
The observations captured are the following:
Observation 1.	Alternative 111 (i.e., 1 QoS flow: 1 DRB: 1 RLC) is allowed when mapping multiple/different XR traffic flows of one multi-modal services to QoS flows and DRBs (which is considered as a baseline scenario based on RAN2#125bis agreements). I.e., each XR traffic flow with different QoS requirements that belongs to the same multi-modal service is mapped to its own QoS flow and correspondingly to its own DRB and RLC entity.
Observation 2.	SA2 provides typical examples of synchronization thresholds for immersive multi-modality and SA2 includes multi-modal service definition and identifier for policy control purpose since Rel-18.
The proposals captured are the following:
Proposal 1.	Multi-modal service kind of information could be used by RAN2 to (a) reduce traffic over the air (e.g., by skipping (re)transmission of packets when “inter-related packets” are unnecessary), (b) , enhance UL scheduling (e.g., to prioritize or coordinate (re)transmissions of inter-related packets), (c) improve UE’s power consumption (e.g., by better aligning the C-DRX is with the different/simultaneous XR traffic flows) and (c) awareness of multi-modal service information in UE AS layer and RAN (e.g., to improve operations such as selection of configurations).
Proposal 2.	To enhance UE AS/RAN operation (e.g., discard, UL scheduling) for inter-related packets of different XR traffic flows belonging to the same multi-modal service in order to meet their inter-related synchronization (or maximum tolerable) delays (i.e., between packets of those different XR traffic flows when arriving at the receiver side).
Proposal 2.1.	Send LS to SA2 and SA4 informing and asking for input, if any, on Proposal 2 and on the following baseline assumptions:
Proposal 2.1.1.	Each XR traffic flow with different QoS requirements that belongs to the same multi-modal service can be mapped to its own QoS flow and correspondingly to its own DRB (i.e., alternative 111 is allowed when mapping multiple/different XR traffic flows of one multi-modal services to QoS flows and DRBs).
Proposal 2.1.2.	RAN and UE AS layer can have visibility on the association/relation between different XR traffic flows belonging to a Multi-modal Service, including when different QoS flows belong to one common multi-modal service and potentially, some synchronization information (such as, maximum tolerable delays between different XR traffic flows belonging to the same multi-modal service as explained in §6.43 of TS 22.261).
Proposal 3.	RAN2 defines a mechanism to allow the usage of multiple C-DRX configurations (or parameters) within a DRX group of a MAC entity. FFS whether they are used in parallel or whether certain trigger is used to switch between them.
Proposal 4.	Inform SA2 and SA4 about RAN2 needs multi-modal service kind information available in UE AS layer and RAN including, if possible:
Proposal 4.1.	Identification of the different QoS flows that belong to the same multi-modal service.
Proposal 4.2.	Synchronization requirements between different QoS flows that belong to the same multi-modal service defined, for example, as the maximum tolerable delay between packets of those different QoS flows when arriving at the receiver side.
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