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1. [bookmark: _Ref87036880]Introduction
In the RAN1#116, followings were agreed for XR traffic during RRM measurements[1]:
	Agreement
Consider at least solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements.
· FFS: Other types of solutions.
· Whether or not/how to account for any UE assistance information/indication in addition to other information available at the network

Agreement
From RAN1 perspective, when an occasion(s) of gaps/restrictions that are caused by RRM measurements are cancelled/skipped fully, UE is assumed to receive/transmit in the gaps/restrictions that are caused by RRM measurements as it would without any (measurement etc. related) gaps/restrictions that are caused by RRM measurements.
· FFS: Whether or not/How to support of the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially

Agreement
For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements consider the following alternatives or combinations for further down-selection:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
· FFS: details
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· FFS: details
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: details
· Alt. 4: Dynamic solution to adapt/change gap/SMTC configuration to enable TX/RX in gaps/restrictions that are caused by RRM measurements. 
· FFS: details
· Alt. 5: Rule-based solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements:
· FFS: details
Companies are encouraged to use the EVM in TR38.835 if they are submitting simulation results.

Working Assumption
RAN1 aims to develop/identify solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements agnostic in RAN1 normative work to types of gaps/restrictions that are caused by RRM measurements. 
Note: UE features related to the developed solution(s) is a separate discussion.



In this contribution, we discuss and provide views on enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements.

2. Scheduling restrictions due to RRM measurement
In WID for Rel-19 XR, one specific objective outlined in the justification is to specify enhancements that enable the transmission/reception in gaps or restrictions caused by RRM measurements. These gaps may arise from inter-frequency RRM measurement gaps, intra-frequency measurements, or other scheduling restrictions. It has been identified that the scheduling restrictions due to RRM measurement could be a bottleneck of XR capacity performance, from Rel-18 XR WI [2]. During Rel-18 XR WI, a number of evaluation results are captured in TR, including the case of intra-frequency RRM measurements at FR2 and gap assisted inter-frequency RRM measurements. 
According to the captured evaluation results, there are some cases that XR requirements cannot be achievable, especially when the short measurement gap (i.e., MG) interval and all UE in the cell are configured with measurement gap. In other words, the disabled transmission/reception due to RRM measurement can be minimized by proper MG configuration or conditional RRM restriction (e.g., cell-edge UE only). Meanwhile, it is true that XR traffic having short PDB, such as pose data, may face capacity limit due to periodic scheduling restriction. Therefore, prior to discuss schemes and its details, it would be necessary to investigate further the impact of scheduling restrictions due to RRM measurement.
Proposal 1: It is necessary to investigate the cases where scheduling restrictions due to RRM measurement become problematic and its impacts.

3. Potential mechanism to alleviate scheduling restrictions
In the previous meeting, it was assumed that the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements should be agnostic to the type of MG. However, depending on the type, an MG can be either periodic or aperiodic, and in such cases, the desired UE behavior may differ. However, from a specification effort perspective, a unified solution that can simultaneously support both cases could be desirable. 
Proposal 2: Consider unified solutions for both periodic and aperiodic gaps/restrictions
In the previous meeting, we classified possible solutions for enabling Tx/Rx in measurement gaps/restriction, at least by network signaling as follows:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements
· Alt. 4: Dynamic solution to adapt/change gap/SMTC configuration to enable TX/RX in gaps/restrictions that are caused by RRM measurements
· Alt. 5: Rule-based solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements
Alt. 1 can be further divided into two sub-categories: scheduling-perspective DCI and gap-perspective DCI/MAC-CE. In the scheduling-perspective DCI approach, the network indicates whether Tx/Rx is allowed in gaps/restrictions for the PDSCH/PUSCH scheduled by the DCI. In this approach, the network can make decisions on a per-scheduling basis. For example, the scheduling DCI has a new field to indicate whether Tx/Rx is allowed in gaps/restrictions. Otherwise, dynamic scheduling in gaps/restrictions can be treated as an indication itself. 
On the other hand, the gap-perspective DCI/MAC-CE approach indicates whether Tx/Rx is allowed for PDSCH/PUSCH overlapping with gaps/restrictions (s) associated with the DCI. In this case, gaps/restrictions need to be indicated via DCI. 
To make this approach agnostic to different gaps/restrictions, a shared gaps/restrictions index can be introduced. The network can define a set of gaps/restrictions and assign an index to each one. The gap-perspective DCI/MAC-CE can then include the index of the gaps/restrictions for which Tx/Rx is allowed (for example, assigning an index to each of multiple MG configurations in advance by RRC, the DCI can indicate an index of MG configuration and the MG occasion(s) where Tx/Rx is allowed for the indicated MG configuration). The gap-perspective DCI can be conveyed as group-common signaling, to further reduce the overhead. In this case, the network can broadcast the DCI to a group of UEs, indicating the gaps/restrictions for which Tx/Rx is allowed for all UEs in the group. 

Proposal 3: Support Alt. 1 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
· For Alt. 1, consider the scheduling-perspective DCI and gap-perspective DCI/MAC-CE approaches as potential solutions. 
· The scheduling-perspective DCI can indicate to allow Tx/Rx in gaps/restrictions by scheduling DL/UL resource to be overlapped with the gaps/restrictions.
· FFS whether to introduce a new DCI field for this indication.
· The gap-perspective DCI/MAC-CE can indicate an index of gaps/restrictions configuration (where index for each of configuration can be preconfigured by RRC) and the time duration(s) where Tx/Rx is allowed for the indicated gaps/restrictions configuration.
· Group-common signaling can be considered for this indication.
The gap-perspective DCI can be delivered through a new DCI format, and in this case, the dedicated search space can be configured for the DCI format. For example, the gap-perspective DCI can be conveyed via group-common DCI. This DCI format only needs to be monitored when there is an upcoming gap/restriction. Therefore, it seems reasonable that the PDCCH monitoring occasion (MO) configured with this search space is monitored only when there is an upcoming gap/restriction. 
Proposal 4: For Alt. 1, a new DCI format can be introduced.
· The searchspace for the DCI format is required to be monitored only when there is an upcoming gap/restriction that are caused by RRM measurements.
Alt. 2 can be considered as an option for other alternatives. It allows the network to configure a semi-persistent behavior for enabling Tx/Rx in measurement gap which is useful for SPS/CG. However, it may not be fully agnostic to the measurement gaps itself.
Alt. 3 may involve configuring the behavior for each gaps/restrictions that can be configured by RRC. While this approach is simple and does not require frequent signaling, it may not be sufficiently flexible to adapt to varying traffic conditions. Therefore, we believe that Alt. 3 is also suitable as a supplementary mechanism to other alternatives. For example, a newly introduced RRC parameter can indicate whether each gap/restriction allows Tx/Rx, and whether other alternatives can be applied.
Proposal 5: Alternative 2 and 3 can be considered as a supplemental extension to each of the existing alternatives.
Alt. 4 aims to adjust the position or length of the measurement gaps so that the required traffic is less affected by the gaps, without changing the existing UE operation. While this approach has the advantage of not requiring changes to the UE behavior, it may not be fully agnostic to the measurement gaps and could be difficult to apply to all types of traffic.
Proposal 6: Deprioritize Alt. 4 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
Alt. 5 considers various rules for enabling Tx/Rx in measurement gaps, such as based on PHY priority or scheduling type. This approach can provide a simple and predetermined behavior that is fully agnostic to different gaps/restrictions caused by RRM measurements. 
Depending on different rules, similar approach to Alt. 1 or Alt. 3 can be considered. Eventually, Alt. 5 can obtain different advantages depending on different rules such as reduced signaling overhead, and flexible applicability to various traffic types and measurement gaps. Furthermore, the rules can be designed to prioritize critical traffic and ensure that the impact on the UE's measurement performance is minimal. Therefore, we propose Alt. 5 as the primary solution for enabling Tx/Rx in gaps/restrictions caused by RRM measurements, and further discussions on additional rules and configuration methods will be necessary. 
Proposal 7: Support Alt. 5 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
· Following rules can be considered:
· Based on PHY priority
· Based on searchspace that schedules UL/DL channels 
· Introduce a new RRC parameter to indicate whether the rules are applied. 
· Alt. 3 can be adopted for this

4. Partial Cancellation or Skipping of Gaps/Restrictions
In the previous meeting, the UE behavior was agreed upon when the gaps/restrictions caused by RRM measurements are fully cancelled. However, “the full canceling” in the current agreement seems the changes the UE behavior for all slots spanned by the gap, even though the prioritized scheduling may exist only within a single slot. Since gaps typically span multiple slots, such UE behavior is not desirable.
Considering the specification effort and the possibility of RRM measurement in remaining slots, it may be beneficial to consider partial cancellation or skipping of gaps/restrictions at least in the slot level. This approach would allow for more granular control over the UE behavior, enabling it to receive or transmit in specific slots within the gap duration. Further discussions are necessary to determine the feasibility and specific mechanisms for supporting partial cancellation or skipping of gaps/restrictions at the slot level. 
Proposal 8: Support slot-level cancelling/skipping gaps/restrictions that are caused by RRM measurements to enable Tx/Rx

Conclusion
In this contribution, we discussed and provided our views on the potential capacity enhancement techniques for Rel-19 XR, and the followings are proposed:
Proposal 1: It is necessary to investigate the cases where scheduling restrictions due to RRM measurement become problematic and its impacts.
Proposal 2: Consider unified solutions for both periodic and aperiodic gaps/restrictions
Proposal 3: Support Alt. 1 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
· For Alt. 1, consider the scheduling-perspective DCI and gap-perspective DCI/MAC-CE approaches as potential solutions. 
· The scheduling-perspective DCI can indicate to allow Tx/Rx in gaps/restrictions by scheduling DL/UL resource to be overlapped with the gaps/restrictions.
· FFS whether to introduce a new DCI field for this indication.
· The gap-perspective DCI/MAC-CE can indicate an index of gaps/restrictions configuration (where index for each of configuration can be preconfigured by RRC) and the time duration(s) where Tx/Rx is allowed for the indicated gaps/restrictions configuration.
· Group-common signaling can be considered for this indication.
Proposal 4: For Alt. 1, a new DCI format can be introduced.
Proposal 5: Alternative 2 and 3 can be considered as a supplemental extension to each of the existing alternatives.
Proposal 6: Deprioritize Alt. 4 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
Proposal 7: Support Alt. 5 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
Proposal 8: Support slot-level cancelling/skipping gaps/restrictions that are caused by RRM measurements to enable Tx/Rx
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