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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
 A new Rel-19 WID on XR (eXtended Reality) for NR Phase 3 was approved at RAN#102 meeting [1] and revised at RAN#103 meeting [2]. Intra-UE multi-modality is captured as an objective led by RAN2 [1][2].
	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).



In this contribution, we provide our views on multi-modality support.
Discussion
Coordination transmission requirements for supporting multi-modality
Policy control enhancements to support multi-modality flows coordinated transmission for single UE was studied as key issue #1 in [3]. [3] also provides potential solutions and the mapping of potential solutions to key issues. A list of potential solutions mapping to key issue #1 is summarized in Table 1. Moreover, the initial analysis on coordination transmission requirement for RAN are also summarized in Table 1. (requirements with underline are not supported with current framework in our understanding.) 























Table 1: List of potential solutions mapping to key Issue#1
	Solutions
	Analysis on coordination transmission requirements for RAN

	#1: Tactile and multi-modality traffic flows coordination transmission for one UE
	1)	the delay difference between two flows should be less than some values e.g., for immersive multi-modality VR applications, the synchronization threshold for visual-tactile is less than 15ms (if the visual data is delayed compared to the tactile) or less than 50ms (if the tactile is delayed compared to the visual).
2)	the typical delay requirement for specific flow, e.g., for immersive multi-modal VR UL, the max allowed end-to-end latency for haptic data is 5ms. 

	#36: Handling multiple QoS flows of one UE together
	[bookmark: _Hlk162468923]Multi-modal data consists of more than one single-modal data, and there is strong dependency among each single-modal data, i.e., need to be guaranteed/handled together (e.g., setup together, or release together, or discard together)

	#38: Flow Association Using a Coordination Identifier
	None

	#39: URSP enhancement for same PDU session selection of XRM service
	None

	#40: Application layer-based media synchronization
	None

	#62: Policy control and exposure for multi-modality services
	None

	#63: Group QoS coordination and network interaction enhancement
	None

	#65: QoS enhancement to support the synchronized delivery of multiple QoS flows
	1) Synchronized delivery and joint QoS fulfilment information, e.g., the flows are delivered to the recipient in a synchronized manner, i.e., with a similar end-to-end delay.
2) Joint admission control and resource allocation information. For example, once a service flow or a certain percentage of the service flows in a group cannot be allocated with the network resource due to poor network condition, the others do not need to be allocated to save the network resource and thus they should be treated jointly.

	#66: Multi-modality support
	delay difference between the XR service flows to the UE(s) is less than a threshold 



The coordination transmission requirements for RAN listed in Table 1 can be categorized to two types:

(1) Synchronization requirement: delay difference between multi-modality flows is less than a threshold (Solutions #1, #65 and #66)
(2) Handling together requirement: setup multi-modality flows together, release multi-modality flows together, discard multi-modality flows together (Solutions #36 and #65)

To support multi-modality, there are two new coordination transmission requirements for RAN:
(1) synchronization requirement: delay difference between multi-modality flows is less than a threshold
[bookmark: _Hlk162468964](2) handling together requirement: setup multi-modality flows together, or release multi-modality flows together, or discard multi-modality flows together

[bookmark: _Hlk162602882]Send LSs to SA2/SA4 to confirm coordination transmission requirements for supporting multi-modality are 
(1) synchronization requirement: delay difference between multi-modality flows is less than a threshold; 
(2) handling together requirement: setup multi-modality flows together, or release multi-modality flows together, or discard multi-modality flows together
Synch. requirement on PDU set associating with different importance across multi-modal flows

In Rel-18, the concept of PDU Set importance (i.e., PSI) has been introduced to identify the different importance between PDU Sets within a single QoS flow. However, it is unable to differentiate the importance of PDU Sets across QoS flows. Basically, different QoS flows can be mapped to different DRBs and then mapped to LCHs which are configured with different priority values. It implies implicitly that the packets of the higher priority LCH shall always have higher importance than those of the lower priority LCH during LCP procedure. 
If the SA2/SA4 confirms the synchronization requirement for supporting multi-modality, in our view, whether such synchronization requirements are associated with PDU set importance needs to be clarified further. 
For example, if the synchronization requirements are applied for PDU sets associating with PSI=1 of QoS flow 1 and PDU sets associating with PSI=3 of QoS flow 2, the PDU set associating with PSI=3 of QoS flow 2 might be more important than the PDU set associating with PSI=2 of QoS flow 1 to meet the synchronization requirements. 
In such a case, handling of inter-flow dependencies (e.g., PDU sets importance across multi-modal flows) may be needed. The handling of inter-flow dependencies (e.g., PDU sets importance across multi-modal flows) may impact PSI-based PDCP discard operation and/or potential LCP enhancement. We propose to send LSs to SA2/SA4 to clarify whether synchronization requirements associating PDU set importance exist or not.

[bookmark: _Hlk162602915]Send LSs to SA2/SA4 to clarify whether synchronization requirements are associated with different PDU set importance across multi-modal flows.
[bookmark: _Hlk162471300]Potential solutions for supporting synchronization requirements among multi-modal flows
1.1.1 General framework

[bookmark: _Hlk162540691]Current framework doesn’t support synchronization operation among different flows. To meet the synchronization requirements of multi-modal flows, we list 5 options illustrated in Fig.1 and Fig.2, respectively from leak-free perspectives. Note that in Options 1, 2 and 3 shown in Fig.1, synchronization requirements are handled by a higher layer out of RAN scope (e.g., core network). Therefore, no specification impacts on RAN are foreseen except interface enhancement to support multi-modal awareness. 

[image: ]

Fig. 1: synchronized transmission options 1~3

[image: ]

Fig. 2: synchronized transmission options 4 and 5
The key idea of Options 1, 2 and 3 is to put packets that need synchronization into the same QoS flow or PDU Set. Details are described below:

Option 1: Data streams that need synchronization shall be mapped to the same QoS flow. In this option, all packets from streams 1 and 2 shall be transmitted synchronously. 
Option 2: Packets belonging to different data streams but need synchronization shall be put into the same PDU Set with the same importance. 
Option 3: Packets belonging to different data streams but need synchronization shall be put into the same PDU Set with different importance. Compared with option 2, PDUs in a PDU Set may have different importance in option 3, which brings the possibility of handling PDUs with different importance, e.g., importance-based discard within a PDU Set. 

It should be noted that data streams 1 and 2 may also be mapped to different QoS flows in options 2&3.

On the other hand, in options 4&5 shown in Fig.2, synchronization requirements are handled in the Uu interface. The key idea here is to put packets that need synchronization into the same DRB or enhance LCP procedure to support synchronized multiplexing for LCHs.

Option 4: QoS flows that need synchronization shall be mapped to the same DRB. Furthermore, if synchronization information of inter-PDUs/PDU Sets is provided, they may be handled as a synchronous data unit.
Option 5: Enhance the LCP procedure by considering the synchronization information of LCHs/QoS flows.
In summary, to ensure the synchronization of multi-modal flows, 5 options are listed and categorized as follows:
· Per-packet level (options 2, 3, and 4) or per-QoS flow level (options 1, 4, and 5) synchronization: It depends on whether all packets among multi-modal flows need to be synchronized and the synchronization information provided by SA2/SA4.
· Mapping synchronous data/flows to the same unit (e.g., QoS flow, DRB, or PDU Set), or multiplexing data synchronously during the LCP procedure.
To ensure the synchronization of multi-modal flows, the following options can be considered:
-	Option 1: Data streams that need synchronization shall be mapped to the same QoS flow.
-	Option 2: Packets belonging to different data streams but need synchronization shall be put into the same PDU Set with the same importance.
-	Option 3: Packets belonging to different data streams but need synchronization shall be put into the same PDU Set with different importance.
-	Option 4: QoS flows that need synchronization shall be mapped to the same DRB.
-	Option 5: Enhance the LCP procedure by considering the synchronization information of LCHs/QoS flows.
  Since Options 1, 2, 3 are up to SA2/SA4, we propose to send LSs to confirm whether they will proceed either of them in Rel-19 and further discuss Options 4&5 in RAN2 in parallel.

[bookmark: _Hlk162602932]Send LSs to SA2/SA4 to confirm whether they will proceed either of Options 1, 2 and 3 in Rel-19 and further discuss Options 4&5 in RAN2 in parallel.

1.1.2 Handling of synchronization requirements for split bearer

Dual connectivity (i.e., DC) is within the Rel-19 WI scope by default. For DC with split bearer, if the total amount of data volume pending for transmission is equal to or larger than the configured threshold (i.e., ul-DataSplitThreshold), the data shall be submitted to the primary entity or split secondary RLC entity based on UE’s implementation. Therefore, UE may submit the synchronous data of multi-modal flows to different RLC entities when split transmission happens. Since the data of RLC entities (or LCHs) belonging to different cell groups shall be scheduled and handled independently, the synchronized transmission may not be guaranteed for split bearer.
To solve the issue, some mapping constraints can be introduced to make sure the transmitting PDCP entity shall submit synchronous data of multi-modal flows to the same RLC entity when split transmission happens. 

Synchronized transmission of multi-modal flows may not be guaranteed when split bearer is configured.

[bookmark: _Hlk162602951]To support synchronized transmission of multi-modal flows, applying the constraint to the transmitting PDCP entity to submit synchronous data to the same RLC entity when split transmission happens.
Potential solutions for supporting handling together requirements among multi-modal flows
For handling together requirements, there are three cases: 
· setup multi-modality flows together
· release multi-modality flows together
· discard multi-modality flows together

The first two cases are related to joint admission control of multiple QoS flows, which are in the RAN3 scope. On the other hand, the third case can be handled via PDCP SDU discard mechanism, which is in the RAN2 scope.

[bookmark: _Hlk162602860]To support handling together requirements for multi-modality flows, setup/release multi-modality flows together needs further discussion in RAN3 whereas discard multi-modality flows together needs further discussion in RAN2.

After confirming the coordination transmission requirements of handing multi-modality flows together, send LS to RAN3 to initiate discussion on setup/release multi-modality flows together.
After confirming the coordination transmission requirements of handing multi-modality flows together, RAN2 to further discuss on discard multi-modality flows together. Current PDCP SDU discard mechanism can be taken as a starting point.
Summary
[bookmark: OLE_LINK3]This contribution discussed multi-modality support.

Observation 1	To support multi-modality, there are two new coordination transmission requirements for RAN:
(1) synchronization requirement: delay difference between multi-modality flows is less than a threshold
(2) handling together requirement: setup multi-modality flows together, or release multi-modality flows together, or discard multi-modality flows together

Observation 2	To ensure the synchronization of multi-modal flows, the following options can be considered:
-	Option 1: Data streams that need synchronization shall be mapped to the same QoS flow.
-	Option 2: Packets belonging to different data streams but need synchronization shall be put into the same PDU Set with the same importance.
-	Option 3: Packets belonging to different data streams but need synchronization shall be put into the same PDU Set with different importance.
-	Option 4: QoS flows that need synchronization shall be mapped to the same DRB.
-	Option 5: Enhance the LCP procedure by considering the synchronization information of LCHs/QoS flows.

Observation 3	Synchronized transmission of multi-modal flows may not be guaranteed when split bearer is configured.

Observation 4	To support handling together requirements for multi-modality flows, setup/release multi-modality flows together needs further discussion in RAN3 whereas discard multi-modality flows together needs further discussion in RAN2.

Proposal 1: Send LSs to SA2/SA4 to confirm coordination transmission requirements for supporting multi-modality are 
(1) synchronization requirement: delay difference between multi-modality flows is less than a threshold; 
(2) handling together requirement: setup multi-modality flows together, or release multi-modality flows together, or discard multi-modality flows together

Proposal 2: Send LSs to SA2/SA4 to clarify whether synchronization requirements are associated with different PDU set importance across multi-modal flows.

Proposal 3: Send LSs to SA2/SA4 to confirm whether they will proceed either of Options 1, 2 and 3 in Rel-19 and further discuss Options 4&5 in RAN2 in parallel.

Proposal 4: To support synchronized transmission of multi-modal flows, applying the constraint to the transmitting PDCP entity to submit synchronous data to the same RLC entity when split transmission happens.

Proposal 5: After confirming the coordination transmission requirements of handing multi-modality flows together, send LS to RAN3 to initiate discussion on setup/release multi-modality flows together.

Proposal 6: After confirming the coordination transmission requirements of handing multi-modality flows together, RAN2 to further discuss on discard multi-modality flows together. Current PDCP SDU discard mechanism can be taken as a starting point.
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