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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In R18, RAN2 has started the normative work for XR enhancements. In Rel-19, there is a necessity to continue the work for further supporting the XR service according to the SA1/SA2 progress, and the remaining issues of Rel-18.
Discussion
Support of multi-modal communication service
The multi-modal communication service has been considered in SA1 and SA2 [1][2]. The service supports applications enabling input from more than one sources and/or output to more than one destinations to convey information more effectively. As Figure 1 illustrates, the input and output can be different modalities (section 6.43 in [1]). 
[image: ]
[bookmark: _Ref135667957]Figure 1. Multi-modal interactive system
In [1], the synchronization requirements of multi-modality applications are shown in Table 1. For immersive multi-modal VR applications, synchronization between different media components is critical in order to avoid having a negative impact on the user experience (i.e. viewers detecting lack of synchronization), particularly when the synchronization threshold between two or more modalities is less than the latency KPI for the application.
[bookmark: _Ref135742588][bookmark: _Hlk87540359]Table 1: Typical synchronization thresholds for immersive multi-modality VR applications
	Media components
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]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.



SA2 has studied policy control enhancements to support multi-modal communication services for single UE and multiple UEs (section 5.37.2 in [2]). For the single UE case, QoS monitoring (especially for delay difference of data flows associated to a multi-modal service) and then PCC rules derivation/new QoS policy application are captured in [2]. For multi-UE case, AF may allocate the same Multi-modal Service ID to all UE PDU sessions that compose a multi-modal service, and policy decisions are taken by each PCF separately on a per PDU session basis.
An example of PCC rules adjustment in TR23.700-60 [3] is quoted below.
	23.700-60
If the AF requires that the 5GS should keep the delay difference less than the threshold, the PCF may adjust the PCC rules for one or each of the couple of flows e.g. using alternative QoS profile, or adjust QoS parameters e.g. using a standardized 5QI with minimize the delay difference value,. For example:
-	For the flow with a larger delay, the PCF may use alternative QoS profile with a lower E2E PDB or High Priority Level.
-	For the flow with a small delay, the PCF may use alternative QoS profile with a larger E2E PDB or Low Priority Level.


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Current Rel-18 solutions for multi-modal communication services have no impact on RAN. After PCC rules adjustment, RAN should treat the correlated flows separately. In theory, the delay difference among correlated flows can be decreased by alternative QoS profile configuration when there are sufficient radio resources in RAN and the wireless channel conditions are good enough. 
However, the RAN situations are variable. There are several QoS parameters for each flow, including ARP, PDB, and PER, etc. Lacking of the information for multi-modal communication services, the transmission performances of different flows in RAN are independent. We cannot guarantee the transmission performances (such as PER) of correlated flows in a same level within certain durations. Thus, the user experience for the multi-modal communication services cannot be guaranteed. Rel-18 introduces PDU discard mechanism considering PDU-set parameters [4], so the transmission performance differentiation among the correlated flows could be aggravated. Additionally, XR services can be GBR or non-GBR. For the non-GBR services, if RAN cannot treat the correlated flows jointly, user experience of multi-modal communication service cannot be predicted totally. This issue is valid in both downlink and uplink. For uplink, because of per UE UL grant allocation and LCP mechanism, it is more important for RAN to be aware of the correlated flows and treat them jointly.
Observation 1: The user experience for multi-modal communication service is hard to be satisfied when the correlated flows are treated separately in RAN.
Proposal 1: RAN should be aware of the correlated flows of multi-modal communication service, and then guarantee the transmission performances of the correlated flows jointly.
XR-specific mobility enhancement
XR-specific mobility had been discussed during pre-Rel-18 stage. Many companies thought it should be discussed in the WID of mobility. However, the WID of Rel-18 mobility enhancement has not considered XR characteristics. And we have identified some XR-specific characteristics and requirements in Rel-18 XR as below, especially PDU-set parameters [4].
	TR 38.835
The following information may be provided by the CN to RAN (see TR 23.700-60 [9]):
-	Semi-static information per QoS flow:
-	Periodicity for UL and DL traffic of the QoS Flow provided via TSCAI/TSCAC;
-	DL Traffic jitter information (e.g. jitter range) associated with each periodicity of the QoS flow provided via TSCAI/TSCAC.
-	PDU Set QoS parameters of the QoS flow (i.e. applicable to all PDU sets of the QoS flow) provided by the SMF via NGAP:
-	PDU Set Error Rate (PSER): defines an upper bound for a rate of non-congestion related PDU Set losses between RAN and the UE (see TR 23.700-60 [9]).
NOTE 2:	In this release, a PDU set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully, and if the PSER is available, the usage of PSER supersedes the usage of PER.
-	PDU Set Delay Budget (PSDB): time between reception of the first PDU (at the UPF in DL, at the UE in UL) and the successful delivery of the last arrived PDU of a PDU Set (at the UE in DL, at the UPF in UL). PSDB is an optional parameter and when provided, the PSDB supersedes the PDB (see TR 23.700-60 [9]).
-	PDU Set Integrated Handling Indication (PSIHI): indicates whether all PDUs of the PDU Set are needed for the usage of PDU Set by application layer.
-	PDU Set Information and Identification (dynamic information for DL provided by user plane in GTP-U header):
-	PDU Set Sequence Number;
-	PDU Set Size in bytes (FFS);
-	PDU SN within a PDU Set;
-	Indication of End PDU of the PDU Set;
-	PDU Set Importance (PSI): identifies the relative importance of a PDU Set compared to other PDU Sets within a QoS Flow. RAN may use it for PDU Set level packet discarding in presence of congestion;
-	End of Data Burst indication in the header of the last PDU of the Data Burst (optional).



To improve the user experience, the PDU-set/data burst level QoS satisfaction during mobility should be studied. Even if the UE is located in a relative static area, due to the variable wireless channel conditions and some other triggers, such as key change, UE mobility can happen anyway.
Observation 2: PDU-set/ data burst level QoS guarantee should be considered during mobility.
In addition, SA1 introduces a new WID for XR mobility [5]. The goal of the WID is to specify that the 5G system shall support the service continuity for XR services and support the connectivity for XR services under high UE mobility. In RAN side, we should identify the scenarios, requirements and consider potential mobility enhancements for XR services accordingly.
Observation 3: XR services under high UE mobility should be supported in Rel-19.
Therefore, to satisfy the user experience during mobility, RAN can consider at least two aspects: 1) improve the reliability of PDU-set/data burst transmission during mobility; and 2) support service continuity of XR services under high UE mobility.
Proposal 2: XR-specific mobility enhancement should be studied according to the PDU-set/ data burst characteristics identified in Rel-18 and the requirement from SA1 to support XR services under high UE mobility.
Remaining issues of Rel-18
In Rel-17 and Rel-18, three main topics: XR awareness, power saving, and capacity improvement have been studied. For XR awareness, the study has been still ongoing in SA1 and SA2, such as the consideration on avatar data. In Rel-19, XR awareness and corresponding evaluations should be continued in RAN, based on the further progress and new requirements from SA groups. Additionally, XR-specific power saving has been discussed in Rel-18 resulting in enhancements on DRX and configured grants. Further power saving enhancements should be studied enabling e.g. using DRX with short on-durations even considering the mix of heterogeneous traffic to be supported at the same time with XR.  Moreover, R18 capacity improvements focused on addressing congestion situations and providing further visibility to gNB on UL traffic from a waiting time perspective. However, further enhancements in addressing the specifics of PDU Sets, e.g. allowing differentiated treatment in UL L2 stack of PDU Sets of different importance was left out in Rel-18. Rel-19 should now address those. 
[bookmark: _Ref73370525]Proposal 3: Further enhancements in XR awareness, capacity and power saving can be studied further in Rel-19. 
Conclusion
According to the analysis in section 2, we provide below observations and proposals:
Observation 1: The user experience for multi-modal communication service is hard to be satisfied when the correlated flows are treated separately in RAN.
Proposal 1: RAN should be aware of the correlated flows of multi-modal communication service, and then guarantee the transmission performances of the correlated flows jointly.
Observation 2: PDU-set/ data burst level QoS guarantee should be considered during mobility.
Observation 3: XR services under high UE mobility should be supported in Rel-19.
Proposal 2: XR-specific mobility enhancement should be studied according to the PDU-set/ data burst characteristics identified in Rel-18 and the requirement from SA1 to support XR services under high UE mobility.
Proposal 3: XR awareness and power saving can be studied further in Rel-19. 
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