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1. Introduction
[bookmark: Proposal_Pattern_Length]This document discussed justification and RAN2 areas of interest for the following objective of Rel-19 XR WI [1].
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. 
1. Discussion
Rel-18 defined the following concepts, scenarios, requirements and corresponding optimizations.
· TS 22.261 [2] provides the examples of the multi-modal services and typical synchronization thresholds:
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Figure 1. Example figure of Multi-modal interactive system [2] 
Table 1. Example of Typical synchronization thresholds for immersive multi-modality VR [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.



· TS 25.503 [3] includes the following definition for multi-modal services:
Multi-modal service: 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).
…
Multi-modal Service ID: an identifier that refers to the multi-modal communication service. Data flows belonging to the same multi-modal service share the same Multi-modal Service ID. 
The AF may provide QoS monitoring requirements for each data flow associated with the same Multi-modal Service ID.
· The following table summarized different traffic models including virtual reality (VR), augmented reality (AR) and Cloud Gaming that were used by RAN1 during the Rel-17/18 studies performed as captured in TR 38.835 and TR 38.838. 
	Application
	Stream(s)
	↑ ↓
	Periodicity
(ms)
	Data rate (Mbps)
	Packet size
(bytes)
	PDB
(ms)
	Jitter

	VR
	Video
	DL
	16.6667
	30, 45
	Variable (*)
	10
	Variable (*)

	VR,
AR (**)
	Audio/video
	DL
UL
	10
	0.756, 1.12 
	945, 1400
	30
	Variable (*)

	VR, AR 
Cloud Gaming
	Pose/Control
	UL
	4
	0.2
	100
	10
	No Jitter

	Cloud Gaming
	Video
	DL
	16.6667

	30, 8
	Variable (*)
	15
	Variable (*)

	AR
	1 or multiple
	UL
	16.6667
	10
	Variable (*)
	30, 10, 15
	Variable (*)


   (*) Packet size and jitter distribution is calculated based on a truncated Gaussian
   (**) AR has similar model as VR but in UL (instead of DL)
Summarizing, different XR traffic is assumed periodic with some potential associated jitter (except for pose/control in UL which does not have jitter), and different XR traffic (e.g., audio, visual, tactile, haptic) of one multi-modal service for one UE could be enhanced to be conveyed in a synchronized manner (i.e., inter-related XR traffic should meet maximum/tolerable delays between them) and to be handled in a coordinated manner by UE/RAN (i.e., it should be coordinate the delivery successful or not of the inter-related XR traffic).
[bookmark: _Toc162874185][bookmark: _Toc162874682][bookmark: _Toc163117937][bookmark: _Toc163140075][bookmark: _Toc163140130][bookmark: _Toc163140402]TS 22.261 provides typical examples of synchronization thresholds for immersive multi-modality and in Rel-18, SA2 defined multi-modal service functionality for policy control purpose.
Proposal 1. [bookmark: _Toc46740403][bookmark: _Toc46740416][bookmark: _Toc109242482][bookmark: _Toc109242515][bookmark: _Toc109242566][bookmark: _Toc148975996][bookmark: _Toc162874188][bookmark: _Toc162874204][bookmark: _Toc162874685][bookmark: _Toc162908947][bookmark: _Toc163117940][bookmark: _Toc163130850][bookmark: _Toc163140078][bookmark: _Toc163140134][bookmark: _Toc163140407]To reuse SA2 definition for Multi-modal services for RAN2 discussion (i.e., “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)”).
Proposal 2. [bookmark: _Toc162874189][bookmark: _Toc162874205][bookmark: _Toc162874686][bookmark: _Toc162908948][bookmark: _Toc163117941][bookmark: _Toc163130851][bookmark: _Toc163140079][bookmark: _Toc163140135][bookmark: _Toc163140408]To ask SA4 (Ccing SA2 and SA1) on whether RAN and UE AS layer can have visibility (or get input) 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 also, 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).
Areas of interest to enhance handling of multi-modal services
The following part discusses RAN2 possible areas or interest/enhancements with the assumption that SA4 will confirm that UE and RAN could have certain visibility to the association/relation between different XR traffic flows belonging to a Multi-modal Service. SA2 input would be required to also understand how XR traffic flows of one same Multi-modal service are mapped to the QoS flows in order to be provide differentiated QoS handling in 5GS.
The first open question is how NR/5GS system guarantees differentiated handling of the XR traffic flows belonging to the same Multi-modal service and depending on how this is enabled, whether in-sequence delivery to upper layers is required or not. 
Proposal 3. [bookmark: _Ref162873090][bookmark: _Toc162874190][bookmark: _Toc162874206][bookmark: _Toc162874687][bookmark: _Toc162908949][bookmark: _Toc163117942][bookmark: _Toc163130852][bookmark: _Toc163140080][bookmark: _Toc163140136][bookmark: _Toc163140409]For different XR traffic flows belonging to the same Multi-modal service, UE/RAN should be able to provide differentiated QoS handling over the air. 
Proposal 3.1. [bookmark: _Toc163117943][bookmark: _Toc163130853][bookmark: _Toc163140081][bookmark: _Toc163140137][bookmark: _Toc163140410]To confirm with SA2 (Ccing SA4) RAN2 understanding that different XR traffic flows belonging to the same multi-modal service can have different QoS requirements and if so, to also ask how those XR traffic flows are mapped to the QoS flows.
This topic depends on how the traffic of different XR traffics belonging to the same Multi-modal service are mapped to the QoS flows/DRBs. Figure 2 depicts the possible alternatives (similarly as it was considered in Rel-18 when it was to discuss whether/how to provide differentiated handling at the PDU Set level) that could provide differentiated handling over the air:
· 111: 1:1 mapping between XR traffic, QoS flow and DRB.
· NN1: 1:1 mapping between XR traffic and QoS flow, while N:1 mapping between QoS flows and DRB.
· N11: N:1 mapping between XR traffic and QoS flow, while 1:1 mapping between QoS flows and DRB.
· N1N: N:1 mapping between XR traffic and QoS flow, while 1:N mapping between QoS flows and DRB.
[image: ]
[bookmark: _Ref162871724][bookmark: _Ref162871720]Figure 2. Possible alternatives on how different kind of XR traffic (e.g., (A), (B), (C)) belonging to one Multi-modal service could be mapped to the QoS flows and DRBs to provide differentiated/synchronized handling.
[bookmark: _Toc162874186][bookmark: _Toc162874683][bookmark: _Toc163117938][bookmark: _Toc163140076][bookmark: _Toc163140131][bookmark: _Toc163140403]Different XR traffic flows (belonging to the same Multi-modal service) should have ideally different QoS requirements in order to better provide differentiated QoS handling over the air. Said this, their mapping to the QoS flow(s) and DRB(s) should be discussed.
Alternatives NN1 and N11 would guarantee in-sequence delivery to upper layers as they are conveyed over a the same DRB although changes on current specification would be required if differentiated QoS handling is required over the air. Assuming that alternative N1N is feasible/acceptable from SA2 side, it might also require some changes to allow that packets go on one QoS flow but can be latter to different DRBs in order to provide differentiated QoS handling over the air. Alternative 111 seems to be the simple/straightforward modeling to provide differentiated QoS handling over the air and if so, in sequence deliver across different XR traffic flows belonging to the same Multi-modal service could not be guaranteed with current modeling. 

[bookmark: _Toc162874187][bookmark: _Toc162874684][bookmark: _Toc163117939][bookmark: _Toc163140077][bookmark: _Toc163140132][bookmark: _Toc163140404]It is likely that different XR traffic flows (belonging to the same Multi-modal service) follow approach 111 (in which each XR traffic flow is mapped to its own QoS flow and DRB to better provide differentiated QoS handling over the air). If so, in-sequence delivery of packets of the same Multi-modal service to upper layers cannot be guaranteed.
Assuming that SA4 confirms that UE AS and RAN can be some visibility to the inter-delay related information (e.g. as shown in below Figure 3).
[image: ]
[bookmark: _Ref162873881]Figure 3. 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 4. [bookmark: _Toc162874192][bookmark: _Toc162874208][bookmark: _Toc162874689][bookmark: _Toc162908951][bookmark: _Toc163117944][bookmark: _Toc163130854][bookmark: _Toc163140082][bookmark: _Toc163140138][bookmark: _Toc163140411]To discuss whether UE AS/RAN need to enhance its operation for packets of different XR traffic flows belonging to the same multi-modal service in order to meet their inter- synchronization (or maximum tolerable) delays (i.e., between packets of those different XR traffic flows when arriving at the receiver side).
Proposal 4.1. [bookmark: _Toc163117945][bookmark: _Toc163130855][bookmark: _Toc163140083][bookmark: _Toc163140139][bookmark: _Toc163140412]To discuss which of the four mapping alternatives between the different XR traffic flows (belonging to the same multi-modal service), the QoS flow(s) and DRB(s) are acceptable/preferable (considering 111, NN1, N11 and N1N as shown in Figure 2) to meet the requirement explained in Proposal 3.
Proposal 4.2. [bookmark: _Toc163117946][bookmark: _Toc163130856][bookmark: _Toc163140084][bookmark: _Toc163140140][bookmark: _Toc163140413]To inform SA2 and SA4 about RAN2 agreements on whether/how to address inter- synchronization delays for the different XR traffic flows belonging to the same multi-modal service and ask for inputs, if any.







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 4. 
[image: ]
[bookmark: _Ref162908799]Figure 4. 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 in parallel or switches autonomously or with minimal signaling (e.g., L1 or maybe MAC CE) to trigger the change.
Proposal 5. [bookmark: _Toc118367183][bookmark: _Toc118405027][bookmark: _Toc118405064][bookmark: _Toc162908952][bookmark: _Toc163117947][bookmark: _Toc163130857][bookmark: _Toc163140085][bookmark: _Toc163140141][bookmark: _Toc163140414]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.


1. Conclusion
The observations captured are the following:
Observation 1.	TS 22.261 provides typical examples of synchronization thresholds for immersive multi-modality and in Rel-18, SA2 defined multi-modal service functionality for policy control purpose.
Observation 2.	Different XR traffic flows (belonging to the same Multi-modal service) should have ideally different QoS requirements in order to better provide differentiated QoS handling over the air. Said this, their mapping to the QoS flow(s) and DRB(s) should be discussed.
Observation 3.	It is likely that different XR traffic flows (belonging to the same Multi-modal service) follow approach 111 (in which each XR traffic flow is mapped to its own QoS flow and DRB to better provide differentiated QoS handling over the air). If so, in-sequece delivery of packets of the same Multi-modal service to upper layers cannot be guaranteed.


The proposals captured are the following:
Proposal 1.	To reuse SA2 definition for Multi-modal services for RAN2 discussion (i.e., “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)”).
Proposal 2.	To ask SA4 (Ccing SA2 and SA1) on whether RAN and UE AS layer can have visibility (or get input) 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 also, 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.	For different XR traffic flows belonging to the same Multi-modal service, UE/RAN should be able to provide differentiated QoS handling over the air.
Proposal 3.1.	To confirm with SA2 (Ccing SA4) RAN2 understanding that different XR traffic flows belonging to the same multi-modal service can have different QoS requirements and if so, to also ask how those XR traffic flows are mapped to the QoS flows.
Proposal 4.	To discuss whether UE AS/RAN need to enhance its operation for packets of different XR traffic flows belonging to the same multi-modal service in order to meet their inter- synchronization (or maximum tolerable) delays (i.e., between packets of those different XR traffic flows when arriving at the receiver side).
Proposal 4.1.	To discuss which of the four mapping alternatives between the different XR traffic flows (belonging to the same multi-modal service), the QoS flow(s) and DRB(s) are acceptable/preferable (considering 111, NN1, N11 and N1N as shown in Figure 2) to meet the requirement explained in Proposal 3.
Proposal 4.2.	To inform SA2 and SA4 about RAN2 agreements on whether/how to address inter- synchronization delays for the different XR traffic flows belonging to the same multi-modal service and ask for inputs, if any.
Proposal 5.	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.
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