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1. Introduction
In RAN#101 [1], the potential scope of Rel-19 XR evolution was discussed. The summary from the discussion is provided the Appendix. Following the RAN1#101 discussion, the list of potential objectives proposed by the RAN chair for Rel-19 XR evolution is as follows [2]:
	· Study and if justified, specify aspects related to multi-modality(intra-UE)/multi-QoS flow (intra-UE) (with coordination with SA2/SA4), and other aspects requiring coordination w/ SA initiated work as necessary (e.g., SA2/SA4 task list which may potential have RAN impact) 
· Check in RAN#105

· Measurement Gaps / Scheduling restrictions: Specify enhancements for reducing the impact to capacity and impact to individual UEs with respect to scheduling restrictions for FR1 and FR2 inter-frequency RRM measurements with measurement gaps and FR2 intra-frequency measurements w/o measurement gaps. [RAN1, RAN2, RAN4]. 

· UTO-UCI: support multiple CG config 
· CQI/CSI link adaption enhancement
·  FFS exact scope: PDSCH reception based, Traffic related, Soft-HARQ
·  FFS CBG enh. 
· Delay aware / Delay adaptive (remaining time) scheduling 


In the following sections, we provide our views on the potential scope of the Rel-19 XR evolution using the above objectives as baseline. 
2. Discussion 
Rel-18 XR enhancements provide foundational support for the baseline XR use cases such as cloud gaming, VR, smartphone-based AR. Rel-18 XR WI [3] focused on the enhancements for capacity, power savings and XR-awareness. Although the Rel-18 enhancements enable efficient support for XR traffic characteristics and requirements in a single flow, only limited focus was given towards the improvement of user experience. Particularly, how QoS is ensured for applications with multiple flows and on how the inter-dependency between flows can be leveraged for improving capacity and power savings was not the focus in Rel-18 XR. 

Observation 1: 
Rel-18 enhancements enable efficient support of XR traffic characteristics and requirements in a single flow. However, only limited focus is given towards the following aspects:
· Improvement of user experience  

· Ensuring QoS for multiple inter-dependent flows 

· Improvement of capacity and power savings when considering multiple flows

Rel-19 XR evolution is expected to consider more advanced and demanding XR use cases which are more AR-centric and outdoor [4][5]. To this end, the focus of Rel-19 XR evolution in RAN should be on enabling immersive user experiences, a primary aspect of which is the support for aspects related to multi-modality and multi-QoS flows. Additionally, other aspects for improving capacity by minimizing scheduling restrictions during RRM measurements and extending the UTO-UCI for multiple CG configurations can also be considered. 

2.1. Enhancements for Multi-modality/multi-QoS flows 
2.1.1  Motivation
The SA2 TS 23.501 [6] describes multi-modal services as consisting of several data flows (named as multi-modal flows) that related to each other and may come from different sources. Each data flow (single-modal data) may be seen as one type of data (for example audio, video, positioning, haptic data) associated with the same communication service. 
The traffic patterns/characteristics of the multi-modal flows can vary significantly. For example, in AR [4] the video flow can consist of PDUs/PDU sets with large payload sizes, low periodicity (e.g., 60fps), and tolerable delay budget (e.g., 10ms per PDU set). On the other hand, the audio or haptics/tactile flows, which are dependent on the video flow, can consist of small payload sizes, frequent arrival (e.g., 250fps) and tight delay budget (e.g., < 5ms).  

In Rel-18, SA2 specified a multi-modal service ID (MM-ID) [6], which is provided by the application to the PCF in the core network (CN) to indicate the inter-dependency of different data flows to a multi-modal service. The MM-ID can be used by the CN to derive and apply QoS policies for the set of data flows. In Rel-18 the multi-modality info is not provided by the CN to the RAN, and as such, the Rel-18 enhancements in RAN/AS did not address aspects specific to multi-modality. In Rel-19, there is an ongoing SA2 SI on XRM Phase 2 [7]. Some of the work tasks (WTs) in the SA2 SI may involve alignment and coordination with the RAN WGs including WT#1 Enhancement for PDU Set based QoS handling, WT#2 QoS handling enhancement for XRM services and WT#4 Network exposure.  

Observation 2: 
In Rel-18, SA2 specified some aspects of multi-modality (e.g. multi-modal service ID) for indicating the inter-dependency of different data flows to a multi-modal service. In Rel-19, the ongoing SA2 SI on XRM Phase 2 includes some WTs which may involve alignment and coordination with the RAN WGs
The awareness of multi-modality info at RAN/AS can be beneficial to identify which of the data flows are inter-dependent and whether/how a coordinated forwarding treatment can be provided to the data in different flows during DL and UL transmissions. 

Another aspect of multi-modality is on is the transmission of data in dependent flows within a synchronization threshold, defined in SA1 TR 23.847 [4] as the maximum tolerable temporal separation of the two flows. For example, the typical multi-modal synchronization threshold value related to visual-tactile flows is ≤ 15ms [4]. Given that the Rel-18 XR enhancements in RAN/AS are agnostic to the flow inter-dependency and/or synchronization, there is no way to ensure if the data in the different flows are transmitted within the synchronization threshold. 
Observation 3: 
The awareness at RAN/AS of multi-modality info (e.g. multi-modality service ID,  synchronization threshold) can be beneficial to identify which of the data flows are inter-dependent and whether/how a coordinated forwarding treatment can be provided to the data in different flows during DL and UL transmissions
2.1.2 Potential scope of multi-modality enhancements 
RAN/AS awareness of inter-dependencies and QoS of multi-modal flows
In legacy approaches, the RAN is agnostic to any inter-dependencies between the flows during AS (re)configuration, scheduling and data transmissions in DL/UL. Applying such approaches to multi-modal flows can potentially result in resource inefficiencies and adversely impact capacity. For example, if some PDUs in one flow are unable to meet their required QoS due to scheduling delays or congestion, (re)transmitting the PDUs of other dependent flows within their initial QoS (e.g. tight delay budget, high reliability) may be resource-wise wasteful and unnecessary. 

Observation 4: 
When applied to multi-modal flows, the legacy approaches which are agnostic to inter-flow dependencies and QoS can potentially result in unnecessary (re)transmissions and resource inefficiencies
In addition to the awareness of multi-modal info (e.g. MM-ID), another way to address this issue at RAN/AS is by providing and applying the alternative QoS associated with the multi-modal flows during DL/UL transmissions. The alternative QoS approach, specified by SA2 [6], can consist of a prioritized list of multiple QoS levels (e.g. combination of PDB, PER) associated with a flow that the application is able to support and make adaptations accordingly. 
In multi-modal scenario, awareness at RAN/AS of such alternative QoS can be useful for ensuring that data in all inter-dependent flows experience comparable level of QoS adjustment when triggered by certain events (e.g. congestion) during transmission. For example, when the QoS of a video flow is unable to be met and an associated alternative QoS is applied, the QoS of a dependent audio flow can also be adjusted to its alternative QoS level so that similar level of change is experienced by all dependent flows. In the UL, the awareness at AS of the alternative QoS can be useful when mapping inter-dependent QoS flows to a set of DRB(s) based on signalling (e.g. on congestion) from the gNB. Such approach can be beneficial to RAN to not only to improve resource efficiency but also to alleviate any congestion conditions and minimize delays due to any (re)configuration for QoS adjustments.    
Observation 5: 
For multi-modal scenario, awareness at RAN/AS of alternative QoS associated with the different flows can be useful for ensuring all flows experience comparable level of QoS adjustment due to certain events (e.g. congestion) during DL/UL transmissions
Ensuring RTT latency in multi-modal flows
In split rendering scenarios, the media consumed by the UE is generated and transmitted in DL by the XR application server based on the video/pose data transmitted by the UE in UL. To ensure high quality of user experience, the inter-dependent transmissions in UL and DL are expected to be performed within the round-trip time (RTT) delay (e.g., <20ms). Given high sensitivity of users to visual impairments or misaligned audio/stimuli, any delays in UL and/or DL beyond the RTT delay can result in the user experiencing motion sickness.
Observation 6: 
In XR interactive services, any delays during data transmissions in UL and/or DL beyond the RTT delay can result in negatively impacting the user experience.
In Rel-18, SA2 specified the UL/DL policy control based on round-trip latency requirement [6]. In this case, the PCF splits the RTT delay requirement into the UL and DL PDB components. Based on QoS monitoring at the CN the PCF may readjust the UL and DL PDB components considering the RTT latency. 

In RAN, however, it can be challenging and less flexible if the UL and DL transmissions are to be done only based on fixed latency budgets in both directions, particularly when considering both channel and traffic variations (e.g. variable payload sizes and jitter). 

Based on the motivation and discussions above, in Rel-19 a study is needed in RAN to identify whether and how the traffic characteristics and requirements of multi-modality/multi-QoS flows can be supported in DL and UL for a single UE (i.e. intra-UE) scenario. It is noted that coordination with SA2/SA4 is needed for RAN to have information specific to multi-modality/multi-QoS flows and the associated QoS requirements (e.g. alternative QoS, synchronization threshold). Such coordination with SA2/SA4 can be done during the Rel-19 study phase in RAN, whose outcome can then be used to decide whether there is sufficient justification to specify any enhancements in the work item phase. Given this, the objective for aspects of multi-modal/multi-QoS flows is proposed as follows:
Proposal 1: 
Study and if justified, specify the following aspects related to multi-modality/multi-QoS flow for intra-UE case with coordination with SA2/SA4, and other aspects requiring coordination with SA initiated work as necessary: [RAN1, RAN2]

· RAN/AS awareness of multi-modality info (e.g. inter-dependency between flows) and associated QoS requirements
2.2. Enhancements for Measurement gaps/scheduling restrictions
2.2.1 Motivation
In NR, measurement gaps (MG) and scheduling restrictions can apply when performing inter-frequency measurements for FR1/FR2 and intra-frequency measurements for FR2. With MGs the UE can perform neighbour cell measurements of SSBs over the SMTC, e.g., for HO purposes. The length and periodicity of the MGs defined in NR ranges between 1.5ms to 6ms and 20ms to 160ms, respectively. During the Rel-18 XR SI [8], MG enhancements were proposed by some companies but were deprioritized due to lack of time.  

When configured with MG, the UE is not expected to perform any transmissions or receptions of other signals/channels. As such, MGs and scheduling restrictions can have major impact on data transmissions, especially when transmitting/receiving PDUs/PDU sets with tight delay budgets. Delaying data transmissions until after the MG duration may result in not meeting the QoS and potentially discarding the PDUs. For example, for an MG length of 6ms, the remaining time for scheduling a PDU set with PSDB of 10ms can be only 4ms (e.g., if the PDU set arrives at the start of a MG). 

2.2.2 Potential scope of XR-specific MG enhancements/scheduling restrictions
The impact of MG and scheduling restrictions can be more severe in Rel-19 XR scenarios when supporting multi-modality/multi-QoS flows, where the scheduling and transmissions are expected to be done more frequently than in the case of single flow traffic considered in Rel-18. Although the gNB can configure short MG durations when the UE is expected to be scheduled with XR traffic, it can be challenging to balance the trade-off between having accurate measurements and timely transmissions of data in different flows.
In one approach, it can be beneficial if the MG can be dynamically (de)activated during XR data transmissions. Alternatively, a mechanism to relax some scheduling restrictions such that data/signalling can be prioritized over measurements can also be considered. For XR-specific MG/scheduling restrictions enhancements, we support the following objective:
Proposal 2: 
Specify enhancements for reducing the impact to capacity and impact to individual UEs with respect to scheduling restrictions for FR1 and FR2 inter-frequency RRM measurements with measurement gaps and FR2 intra-frequency measurements w/o measurement gaps [RAN1, RAN2, RAN4]
2.3. Enhancements for UTO-UCI

2.3.1 Motivation

In Rel-18, the UTO-UCI was introduced for indicating any unused CG PUSCH transmission occasions when configured with a multi-PUSCH CG configuration. The Rel-18 UTO-UCI, which is multiplexed in each PUSCH occasion, is restricted to only a single CG configuration. 
In Rel-19 scenarios UE may be configured with multiple CG configurations, each with a different set of parameters (e.g. start offset, periodicities, number of PUSCH occasions per period), to align with the multi-modal/multi-QoS flow traffic patterns. In this case, transmitting UTO-UCI individually for each CG configuration can be wasteful and unnecessary, especially when the different CG configurations are used for transmission of data with correlated traffic patterns.  
2.3.2 Potential scope of UTO-UCI enhancements

For Rel-19 scenarios, the UTO-UCI can be extended to multiple CG configurations, which can include a combination of legacy CG (i.e. single PUSCH per period) and multi-PUSCH CG configurations. It is also important to consider solutions for minimizing the overhead of the UTO-UCI such that the unused/used PUSCH occasions for one CG configuration can be inferred from the UTO-UCI sent in another CG configuration. Based on the above discussion, we support the following objective:   
Proposal 3: 
Specify enhancements for UTO-UCI for multiple CG configurations [RAN1]
Summary
In this contribution, various topics related to the potential scope of Rel-19 XR evolution are discussed. The following lists the observations made in the contribution:
Observation 1: 
Rel-18 enhancements enable efficient support of XR traffic characteristics and requirements in a single flow. However, only limited focus is given towards the following aspects:
· Improvement of user experience  

· Ensuring QoS for multiple inter-dependent flows 

· Improvement of capacity and power savings when considering multiple flows

Observation 2: 
In Rel-18, SA2 specified some aspects of multi-modality (e.g. multi-modal service ID) for indicating the inter-dependency of different data flows to a multi-modal service. In Rel-19, the ongoing SA2 SI on XRM Phase 2 includes some WTs which may involve alignment and coordination with the RAN WGs.
Observation 3: 
The awareness at RAN/AS of multi-modality info (e.g. MM-ID,  synchronization threshold) can be beneficial to identify which of the data flows are inter-dependent and whether/how a coordinated forwarding treatment can be provided to the data in different flows during DL and UL transmissions.
Observation 4: 
When applied to multi-modal flows, the legacy approaches which are agnostic to inter-flow dependencies and QoS can potentially result in unnecessary transmissions and resource inefficiencies.
Observation 5: 
For multi-modal scenario, awareness at RAN/AS of alternative QoS associated with the different flows can be useful for ensuring that all flows experience comparable level of QoS adjustment due to certain events (e.g. congestion) during DL/UL transmissions.
Observation 6: 
In XR interactive services, any delays during data transmissions in UL and/or DL beyond the RTT delay can result in negatively impacting the user experience.
Based on the observations, the following proposals are made for the potential scope of Rel-19 XR evolution:
Proposal 1: 
Study and if justified, specify the following aspects related to multi-modality/multi-QoS flow for intra-UE case with coordination with SA2/SA4, and other aspects requiring coordination with SA initiated work as necessary: [RAN1, RAN2]

· RAN/AS awareness of multi-modality info (e.g. inter-dependency between flows) and associated QoS requirements

Proposal 2: 
Specify enhancements for reducing the impact to capacity and impact to individual UEs with respect to scheduling restrictions for FR1 and FR2 inter-frequency RRM measurements with measurement gaps and FR2 intra-frequency measurements w/o measurement gaps [RAN1, RAN2, RAN4]
Proposal 3: 
Specify enhancements for UTO-UCI for multiple CG configurations [RAN1]
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Appendix

Moderator's summary for Rel-19 RAN2 topic on Enhancements for XR [1]
	To be Considered Further

Enhancements for Multi-Modal flows (19)

· On multi-modality: No Consensus, but still majority support to do something. If a Study on Multi-modality is to be done in RAN WGs, SA2/SA4 support is required, at least for  synchronization / coordination aspects. A number of companies think RAN should not do any work unless SA2 first identifies requirements. 

Measurement Gaps / Scheduling restrictions (10) 

· Agreeable: Measurement Gaps / Scheduling restrictions scope: Specify enhancements for reducing the impact to capacity and impact to individual UEs with respect to scheduling restrictions for FR1 and FR2 inter-frequency RRM measurements with measurement gaps and FR2 intra-frequency measurements w/o measurement gaps. [RAN1, RAN2, RAN4].  
UTO-UCI

· Almost agreeable: UTO-UCI: support multiple CG config 

CQI/CSI enhancement (7)

· Almost agreeable: CQI/CSI link adaption enhancement (FFS exact scope: PDSCH reception based, Traffic related, Soft-HARQ), FFS CBG enh.  

Delay aware / Delay adaptive (remaining time) scheduling (5) 

· There seems to be support, not clear how important this feature is. Possibly both DL (network impact only) and/or UL (Uu, UE impact)

PDCP Discard enhancements for PDU set discard enhancements for inter-PDU Set dependencies (4)

· Can consider, if SA2 agrees. 

Power saving (8), DRX and PDCCH skip (excluding power saving for Multi-modal)

· Further Power Saving Enh, no consensus for now. Some support to add something if there is time available. Such objective need to be specific.

RAN involved congestion mitigation / rate adaptation (4)

· Some support, feasibility dependent on SA

FEC awareness at AS 

· Dependent on SA2, SA4. Some support 

Discussed, with No conclusions to consider further

RLC AM enhancements (2)

· Not discussed here, it is part of UP discussion
Selective duplication, RLC bearer switching (6-7) 
· Not agreeable: Selective duplication, RLC bearer switching
PDU discard with signalling (1) 

· No consensus to include

CP Awareness (TBD dep on SA2)

· No interest for now

Latency reduction (4) 

-
General vague study proposals

· No further discussion

Other Capacity Enhancement (5)

-
General vague study proposals

· No further discussion

Mobility for XR (4)

· General mob enh, if any needed, discussed as part of mobility WI

· No interest for the XR specific parts
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