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1. [bookmark: _Ref513464071]Introduction
The Rel-19 New WID on XR Enhancements for NR has the following objective [1]:
	· Specify enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements (from inter-frequency RRM measurement gaps, or intra-frequency measurements, or other scheduling restrictions etc). [RAN1, RAN2, RAN4] 
· Specify the corresponding measurement gap and scheduling restriction to enable the identified enhancements with RRM performance impact taken into consideration, work being triggered by LS. [RAN4]


The agreements made in RAN1#116 [2] are provided in the Appendix. In this contribution, we discuss the enhancements for enabling transmissions/receptions during measurement gaps and scheduling restrictions due to intra/inter-frequency measurements. 
2. Discussion 
In NR, scheduling restrictions apply when performing FR1/FR2 inter-frequency measurements with measurmenet gap (MG) and FR2 intra-frequency measurements without MG. When configured with MG the UE can perform neighbour cell measurements of SSBs over the SMTC window, e.g., for HO purposes. MGs are needed only when the UE does not have the capability to measure the target carrier frequency while simultaneously transmitting/receiving control and data signals/channels (e.g. PDCCH/PxSCH) on the serving cell. Per RAN4 requirements [4], one data symbol before and after each consecutive SSBs within SMTC are restricted from scheduling. The length and periodicity of the legacy MG patterns range between 1.5ms to 6ms and 20ms to 160ms, respectively. The MG length includes the time for RF tuning (e.g. 0.5 ms for FR1 and 0.25ms for FR2) and measurements of SSBs in a burst within the SMTC window. 
When configured with MG, the UE is not expected to perform any transmissions or receptions of other signals/channels (e.g. UL-SCH, DL-SCH, SR, HARQ-ACK, CSI report, SRS). The UE is also not expected to monitor PDCCH in the monitoring occasions overlapping with MG. As such, the scheduling restrictions can have major impact on data transmissions, especially when transmitting or receiving XR PDUs and PDU sets with tight delay budgets. Delaying the data transmissions until after the MG duration may result in not meeting the QoS and potentially discarding the PDUs. For example, for an MG occasion with a 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 MG). 
Observation 1: Scheduling restrictions can have major impact on transmission/reception of XR PDUs and PDU sets with tight delay budgets. Delaying the transmissions to after MG results in not meeting QoS and discarding. 
The impact of MG and scheduling restrictions can be more severe in Rel-19 XR scenarios when supporting multi-modality/multi-QoS flows [1], where the scheduling and data 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 sufficient/accurate measurements and timely data transmissions simultaneously in multiple flows. 
2.1  Consideration on solutions to enable Tx/Rx in gaps/restrictions
In RAN1#116, the following working assumption was made regarding consideration for the solutions:
	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.


During RAN#116 [2][3], companies discussed different types of gaps/restrictions that can be considered in the WI scope, including those related to FR1/FR2 inter-frequency measurements and FR2 intra-ferquency measurements. Several companies even mentioned considering gaps related to non-RRM measurements such as positioning and MUSIM gaps.  
In our view, RAN1 can strive to develop solutions by considering the basic parameters that are common across all types of gaps/restrictions, such as gap length (e.g. in terms of occasions/slots) and periodicity. The solutions can hence be developed to be agnostic to the gaps/restrictions. Developing different solutions to enable Tx/Rx of XR data that are optimized for different types of gaps/restrictions increases the workload effort unnecessarily and hence, is not preferred. As such we support to confirm the WA.   
Proposal 1: Confirm the WA that 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. 
2.2  Solutions to enable Tx/Rx in gaps/restrictions 
XR traffic typically consists of periodic data with non-integer periodicities (e.g. 16.6ms, 33.3ms) and with variable payload sizes in each period [5]. When the semi-statically configured MGs are used to handle RRM measuments, there is a high likelihood that the gap occasions may overlap with the data transmission occasions (TOs). In such occasions the data in the buffers may be delayed, resulting in not meeting its QoS. Even when the gaps/restrictions are configured to not overlap with the data TOs, jitter during the XR data arrival can cause misalignment with the MG occasions. Any reconfiguration of the gap parameters (e.g. gap length, periodicity) with RRC signaling as done in legacy can result in additional delays.
Observation 2: Semi-static approaches for reconfiguring gaps/restrictions to not overlap with the data TOs can result in additional delays when addressing issues due to jitter during XR data arrival 
In this regard, it would be beneficial to consider mechanisms that can enable faster changes or adaptations to be made to the MG/restrictions such that Tx/Rx of XR data can be handled within the QoS requirements.
In the last RAN1#116 meeting, an agreement was made to consider at least solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions. Another agreement was made on the types of solutions to be considered as follows:
	Proposal 2.6-2:
For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements consider at least one of 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 deactivate/ and/or re-activate one or more of gaps/restrictions that are caused by RRM measurements and to enable Tx/Rx during the deactivated 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.



In both Alt. 1 and Alt. 4 above includes a dynamic indication to enable Tx/Rx (e.g. via scheduling of resource grant that overlaps with gap/restriction) or for adapting gaps/restrictions (e.g. cancelling/skipping gap). Since the outcome of both techniques are essentially the same, in our view, both can be combined and considered under Alt. 1. In both cases, the gNB can dynamically send an indication (e.g. in DCI) before the start of the preconfigured gap/restriction, based on which the UE can perform data Tx/Rx. Such dynamic approach is flexible and enables the NW to control how much of the data Tx/Rx can be allowed during RRM measurements. The gNB is already aware of the DL data based on the data arrival from CN. For making the gNB aware of UL data, the UE can indicate the urgency of data in UE buffers via existing signalling, e.g. SR, BSR, DSR or UTO-UCI. Also, the measurements of the configured measurement objects (e.g. FR1/FR2 SSBs) can be reported by the UE with legacy RRM reporting. 
Observation 3: Dynamic solutions are flexible to handle XR data and enable the NW to control how much of the Tx/Rx of XR data can be allowed during RRM measurements  
Alt. 2 involves semi-persistent solution that enables deactivation or skipping of one or multiple occasions associated with gap/restrictions. Alternatively, the semi-persistent solution can include the (de)activation of a mask pattern in time domain that when overlapping with one or multiple occasions in gaps/restrictions the data Tx/Rx can be allowed. These are similar to the dynamic (de)activation of a pre-configured MG pattern introduced in Rel-17 positioning.  Such semi-persistent solutions are beneficial as they allow Tx/Rx of XR data over multiple occasions while incurring low signalling overhead.   
As discussed during RAN1#116 [3], the semi-static solutions in Alt. 3 includes configuration of a pattern (e.g. periodic occasions) that indicate when Tx/Rx are enabled during gaps/restrictions. Although such pattern can be useful to handle periodic data Tx/Rx, since XR data can be dynamic in terms of payload size and impacted by jitter as discussed above, it can be less flexible and incurs higher latency (e.g. for RRC reconfiguration). This is expected to be the same when reconfiguring the semi-static legacy MG patterns based on XR data characteristics. It is challenging for striking the right balance between quickly enabling data Tx/Rx and allowing the UE to perform sufficient RRM measurements only with such semi-static solution. Hence, Alt. 3 is less preferable over Alt. 1 and Alt. 2.  
In the case of rule-based solutions in Alt. 5, a criteria can be defined to enable data Tx/Rx in gaps/restrictions. For example, such criteria can include those related to the data (e.g. PSDB or PDU set importance) and/or measurements (e.g. RSRP measurement of serving cell). When meeting any criteria, the UE may skip measurements in the gaps/restrictions to perform data Tx/Rx. In rule-based solution, it is unclear how both the UE and gNB can be aligned so that data scheduling is done instead of measurements in gaps/restrictions when the criteria is met. For example, if the UE detects the criteria for gap skipping is met (e.g. PDB is less than a threshold), the UE is unable to autonomously skip the gap since the gNB may still be expecting the UE to perform measurements in the gap. Any additional signaling from UE to inform the gNB on meeting the criteria and/or indicating that it is ready for scheduling results in unnecessary overhead and delays. Since the benefits of Alt. 5 over others are not clear, we tend to not prefer it. Based on the comparison, we propose the following:
[bookmark: _Hlk163126681]Proposal 2: RAN1 to prioritize the following types of solutions to enable Tx/Rx in gaps/restrictions:
· Dynamic indication/solution to enable Tx/Rx based on adaptation of gaps/restrictions (Alt. 1)
· Semi-persistent solution to enable Tx/Rx based on (de)activation or skipping of one or multiple occasions in gap/restrictions (Alt. 2)

2.3  How to signal adaptations to gaps/restrictions
Regarding the signaling to be used for dynamic and semi-persistent solutions for indicating the adaptation of gaps/restrictions (e.g. whether gaps are cancelled/skipped), the options that can be considered are either L1 or L2. Using DCI can provide high flexibility and incurs shorter application time to signal to the UE the amount/granularity of adaptation, so that any data TOs overlapping with gap occasions can be assumed as usable for XR data Tx/Rx. For example, DCI can indicate cancelling/skipping an imminent gap in scenarios where the UE is in good coverage (e.g. RSRP of serving cell is above threshold) and the remaining time for scheduling/transmitting data is low. Such adaptation/skipping of gap can be either explicitly or implicitly indicated (e.g. via scheduling DCI with resource grants that overlap in the gap occasions). 
Alternatively, signaling the adaptation for dynamic and semi-persistent solutions with a MAC CE can be more reliable than DCI, but could incur higher latency. In our view, given the flexibility and shorter application time we prefer using DCI for indicating the adaptation of gaps/restrictions to enable data Tx/Rx. 
[bookmark: _Hlk163126689]Proposal 3: Support L1/L2 signalling for indicating adaptations to enable Tx/Rx in gaps/restrictions
2.4  Types of adaptations for gaps/restrictions 
Regarding details for the solutions in Alt. 1 and Alt. 2, it is important to discuss the type of adaptations that can be applied to the gaps/restrictions for enabling data Tx/Rx. The options for the types of adaptations, in terms of parameters of gaps/restrictions or mask patterns can include the activation/deactivation of gap/mask configuration, and changing the length of a gap occasion, for example. Such adaptations are useful to accommodate any of the XR data Tx/Rx during measurements and can be considered for the solutions. 
[bookmark: _Hlk163126704]Proposal 4: Support the following types of adaptations to enable Tx/Rx in gaps/restrictions
· activation/deactivation of gap/mask configuration 
· changing the length of a gap occasion 

2.5  Partial skipping of gaps/restrictions 
In RAN1#116, the following agreement was made on the UE assumption when gaps/restrictions are skipped:
	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


Regarding the FFS in the agreement above, it is important to have a common understanding on the impacts of fully skipping an occasion in gaps/restrictions. Although skipping the gap fully can be useful from signalling perspective, it can come at the expense of measurements. For example, when configured with a long gap length of 6ms, skipping the entire gap occasion to allow data Tx/Rx can impact the quantity/quality of measurements. 
In this case, when there is an ongoing data Tx/Rx that may partially use certain slots within a gap occasion, only those slots can be skipped to enable Tx/Rx rather than the entire gap occasion. Such partial skipping of gap (e.g. skipping of subset of slots in a gap occasion) can be useful to complete the ongoing Tx/Rx for meeting the QoS (e.g. remaining delay), instead of postponing it to after the length of gap occasion. Similarly, if measurements can be completed before the end of a gap occasion, the remaining slots within the gap occasion can be used for data Tx/Rx. In this regard, how much of partial skipping of a gap occasion is allowable can be dependent on both the measurements and data characteristics/QoS. 
[bookmark: _Hlk163126711]Proposal 5: Support partial skipping of occasions of gaps/restrictions  
2.6  Signalling of priority of measurements  
In legacy, measurements have higher priority than Tx/Rx of other signals and channels [4]. However, there may be some scenarios (e.g. UE is close to serving cell center, UE not undergoing mobility/HO) where the RSRP measurements of serving cell are relatively high. In such cases, the priority for measurements may be relaxed. 
One approach that can be considered is for the NW to indicate the priority associated with measurements. The UE can then determine whether to perform measurements or data transmissions during the TOs overlapping with occasions of gaps/restrictions. For example, if the priority of measurements is higher than that of the data, the UE can perform measurements as per legacy. Otherwise, the UE performs data transmisisons. Such approach can be applicable for any of the solutions in Alt. 1, Alt. 2, Alt. 3 and Alt. 5 considered above. To facilitate such approach, a prioritization window can be considered, during which the prioritization between data and measurements can be identified. This is similar to the PRS processing window (PPW) introduced for Rel-17 positioning [6], which can be used as the starting point for further discussion for XR. 
[bookmark: _Hlk163126720]Proposal 6: Discuss signalling of the priority associated with measurements for enabling prioritization between measurements and XR data Tx/Rx 
2.7  Adaptation of gaps/restrictions during CDRX non-active periods
When the UE is configured with CDRX, any signalling for adapting gaps/restrictions is not received outside of CDRX active period or when the DRX timers expire. Since the UE does not monitor PDCCH during the CDRX non-active period, the UE delays the data Tx/Rx to only after the measurements when the associated gap occasion overlaps with the CDRX non-active period. This can impact the QoS due to inability of the UE to perform data transmisisons. 
To address this issue, one approach that can be considered is configuring the UE with PDCCH monitoring occasions that may be outside of the CDRX active period for receiving the indication on cancelling/skipping of gap occasions, e.g. similar to DCP DCI format 2_6. This approach can enable flexible adaptation of gap/restrictions to enable data transmisisons when the UE is configured with CDRX for power savings. 
[bookmark: _Hlk163126726]Proposal 7: Discuss adaptation of gaps/restrictions to enable data transmissions during CDRX non-active periods
3. Conclusion
[bookmark: _Hlk101735808]In this contribution, the following observations are made:
Observation 1: Scheduling restrictions can have major impact on transmission/reception of XR PDUs and PDU sets with tight delay budgets. Delaying the transmissions to after MG results in not meeting QoS and discarding.
Observation 2: Semi-static approaches for reconfiguring gaps/restrictions to not overlap with the data TOs can result in additional delays when addressing issues due to jitter during XR data arrival 
Observation 3: Dynamic solutions are flexible to handle XR data and enable the NW to control how much of the Tx/Rx of XR data can be allowed during RRM measurements  
The following proposals are made:
Proposal 1: Confirm the WA that 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. 
Proposal 2: RAN1 to prioritize the following types of solutions to enable Tx/Rx in gaps/restrictions:
· Dynamic indication/solution to enable Tx/Rx based on adaptation of gaps/restrictions (Alt. 1)
· Semi-persistent solution to enable Tx/Rx based on (de)activation or skipping of one or multiple occasions in gap/restrictions (Alt. 2)
Proposal 3: Support L1/L2 signalling for indicating adaptations to enable Tx/Rx in gaps/restrictions
Proposal 4: Support the following types of adaptations to enable Tx/Rx in gaps/restrictions
· activation/deactivation of gap/mask configuration 
· changing the length of a gap occasion   
Proposal 5: Support partial skipping of occasions of gaps/restrictions  
Proposal 6: Discuss signalling of the priority associated with measurements for enabling prioritization between measurements and XR data Tx/Rx 
Proposal 7: Discuss adaptation of gaps/restrictions to enable data transmissions during CDRX non-active periods
Appendix: Agreemenets on enabling Tx/Rx during RRM measurements
RAN#116 Agreements
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
Proposal 2.6-2:
For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements consider at least one of 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 deactivate/ and/or re-activate one or more of gaps/restrictions that are caused by RRM measurements and to enable Tx/Rx during the deactivated 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
[bookmark: _Hlk160273824]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.
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