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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
RAN2#125bis meeting started Rel-19 discussions on XR (eXtended Reality) for NR Phase 3 [1] and achieved following agreements for multi-modality support.

	Agreements 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 multi-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.

Agreements on 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 DRBs.




This contribution provides our views on following aspects:
[bookmark: _Hlk166155081]-	what kind of multi-modality information is useful at the gNB and/or UE
- 	how is this information used by the gNB/UE and what benefits this brings.
Discussion
What kind of multi-modality information is useful at the gNB and/or UE
[bookmark: _Hlk166158950]Mainly there are three categories of multi-modality information which could be aware at the gNB and/or UE:
(1) [bookmark: _Hlk166156957]flow association information, e.g., multi-modal ID: For example, Coordination Identifier (Solution#38 in TR 23.700-60), or Muti-modality Communication Identifier (MMCI) (Solution#62 in TR 23.700-60) or QoS flow group coordination ID (Solution#65 in TR 23.700-60). 
(2) synchronization threshold between flows associated with a multi-modality service: For example, the delay difference between two flows should be less than some values/a threshold (Solution#1, Solution#66 in TR 23.700-60), 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 (Solution#65 in TR 23.700-60)
(3) Handling together indication of flows associated with a multi-modality service: For example, 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 (Solution#36 in TR 23.700-60)

[bookmark: _Hlk166160952]Mainly there are three categories of multi-modality information which could be aware at the gNB and/or UE:
(1) flow association information, e.g., multi-modal ID
(2) synchronization threshold between flows associated with a multi-modality service
(3) Handling together indication of flows associated with a multi-modality service

 With the above multi-modality information at the gNB and/or UE, it is possible to facilitate efficient and effective support for XR application with multiple QoS flows with multi-modal inter-dependencies:
· flow association information is useful to know association among different flows.
· synchronization threshold is useful to support an efficient radio resource allocation, eventually results in providing a better capacity from meeting end-user QoS requirement perspectives.
· handling together indication is useful to treat flows associated with a multi-modality service together, i.e., setup/release/discard flows together. Power saving gain can be expected by releasing/discarding unnecessary flows when a certain flow associating to the same multi-modality service has been released/discarded.

[bookmark: _Hlk166250808]RAN2 to confirm following multi-modality information is useful at the gNB and/or UE:
(1) flow association information, e.g., multi-modal ID
(2) synchronization threshold between flows associated with a multi-modality service
(3) Handling together indication of flows associated with a multi-modality service
How to use multi-modality information
Synchronization threshold between flows associated with a multi-modality service

RAN2#125bis agreed to assume that traffic of different modals having different QoS requirements is mapped to different QoS flow, therefore, firstly, to support synchronization between flows, we would like to discuss how to map different QoS flows associated with a multi-modality service to DRB.
There are two options as shown in Fig.1:
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Fig.1 Two options to support synchronization between flows

Option 1: Mapping different QoS flows that need synchronization to the same DRB. 
 
[bookmark: _Hlk166185921][bookmark: _Hlk166186973]As analyzed in [2], there are two levels of synchronization among different QoS flows, i.e., QoS flow level and packet level synchronization. In our understanding, for the QoS flow level synchronization, the synchronization threshold is assumed to be inter-dependency synchronization requirement among different multi-modal QoS flows, one example is that the delivery time difference between the last packet of different flows is less than synchronization threshold. On the other hand, for the packet level synchronization, the synchronization threshold is assumed to be inter-dependency synchronization requirement among packets belonging to different flows, one example is that the delivery time difference between packets with the same sequence number belonging to different flows is less than synchronization threshold.
In the current NR protocol, the SDAP sublayer maps QoS flows to DRBs. One or more QoS flows may be mapped onto one DRB. One QoS flow is mapped onto only one DRB at a time in the UL. 
[bookmark: _Hlk166188110]When inter-dependency QoS flows are mapped to a single DRB (Option 1 in Fig.1), transmitting inter-dependency packets among different flows in the expected sequence which derived from synchronization threshold cannot be supported by legacy SDAP. 

[bookmark: _Hlk166163511]Legacy SDAP sublayer cannot support transmitting inter-dependency packets among different flows in the expected sequence which derived from synchronization threshold.

[bookmark: _Hlk164884179]RAN2 further discuss how to support transmitting inter-dependency packets among different flows in the expected sequence which derived from synchronization threshold sequence on the top of mapping different multi-modal QoS flows that need synchronization to the same DRB.
Option 2: Mapping different multi-modal QoS flows that need synchronization to different DRBs.
 
[bookmark: _Hlk164884243] In this option, different QoS flows that need synchronization are mapped to different DRBs, consequently those different DRBs are linked to different LCHs as shown in Fig.1. Therefore, to support multi-modal synchronization requirements (both QoS flow level and packet level synchronization cases), enhance the LCP procedure by considering the synchronization information of LCHs/QoS flows should be further discussed.

[bookmark: _Hlk166250868]To support multi-modal synchronization requirements (both QoS flow level and packet level synchronization cases), RAN2 further discuss how to enhance the LCP procedure by considering the synchronization information of LCHs/QoS flows.
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. 

[bookmark: _Hlk166250782]Synchronized transmission of multi-modal flows may not be guaranteed when split bearer is configured.

[bookmark: _Hlk166163625]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.
Handling together indication of flows associated with a multi-modality service
With handing together indication, mainly there are three possible 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 in our understanding. The third case, discard multi-modality flows together can be handled on top of PDCP SDU discard mechanism, which is in the RAN2 scope.
PDU set based discard operation could be a reference of discarding multi-modality flows together. In PDU set based discard operation, all packets in a PDU set will be discarded when one PDU belonging to this PDU set is discarded due to discard timer expiry. Like that, in discarding multi-modality flow together, all QoS flows associated with a multi-modality service can be discarded when discarding of one flow belonging to this multi-modality service happens. Details can be for further studied.

[bookmark: _Hlk166163644]RAN2 further discuss on discarding multi-modality flows together. Current PDCP SDU discard mechanism (e.g., PDU set based discard operation) can be taken as a starting point.
Summary
[bookmark: OLE_LINK3]This contribution provided our views on following aspects:
-	what kind of multi-modality information is useful at the gNB and/or UE
- 	how is this information used by the gNB/UE and what benefits this brings.

Observation 1	Mainly there are three categories of multi-modality information which could be aware at the gNB and/or UE:
(1) flow association information, e.g., multi-modal ID
(2) synchronization threshold between flows associated with a multi-modality service
(3) Handling together indication of flows associated with a multi-modality service

Observation 2	Legacy SDAP sublayer cannot support transmitting inter-dependency packets among different flows in the expected sequence which derived from synchronization threshold.

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

Proposal 1:  	RAN2 to confirm following multi-modality information is useful at the gNB and/or UE:
(1) flow association information, e.g., multi-modal ID
(2) synchronization threshold between flows associated with a multi-modality service
(3) Handling together indication of flows associated with a multi-modality service

Proposal 2:  	RAN2 further discuss how to support transmitting inter-dependency packets among different flows in the expected sequence which derived from synchronization threshold sequence on the top of mapping different multi-modal QoS flows that need synchronization to the same DRB.

Proposal 3:  	To support multi-modal synchronization requirements (both QoS flow level and packet level synchronization cases), RAN2 further discuss how to enhance the LCP procedure by considering the synchronization information of LCHs/QoS flows.

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:  	RAN2 further discuss on discarding multi-modality flows together. Current PDCP SDU discard mechanism (e.g., PDU set based discard operation) can be taken as a starting point.
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