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1 Introduction
[bookmark: _Hlk145277988]In RAN1#116 [1], it was discussed on potential solutions/alternatives for enabling/disabling transmission/reception in gaps/restrictions that are caused by RRM measurements. The following agreements were made. This contribution discusses pros/cons for potential solutions. 

	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 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
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 separte discussion.




2 Discussion
RRM measurements are associated with scheduling restrictions due to measurement gaps (MGs) for intra-frequency RRM measurements in FR2 or for inter-frequency RRM measurements. The scheduling restrictions occur during the SMTC windows that the UE is configured by RRC as described in TS 38.133. For example, when a UE performs RSRP measurements based on SSBs, the UE does not receive other signaling and does not transmit. Based on the SMTC indication in SIB2, a measurement gap length (MGL) and measurement gap repetition period (MGRP) can be obtained and then the UE has all information to perform measurements. For example, for MGRP of 40 msec and MGL of 6 msec, it is not possible to schedule the UE for 6 msec every 40 msec. 
In Rel-16 and Rel-17, RAN2 realized that the UE-common SMTC indication in SIB2 is not appropriate for all UEs in a cell and introduced associated enhancements, including RRC reconfiguration to change MG settings or enable/disable MG. For example, relaxedMeasurement was introduced in Rel-16 and in Rel-17 to address UEs in low mobility such as ones for XR services. For example, s-MeasureConfig was introduced in Rel-16 which is a “threshold for NR SpCell RSRP measurement controlling when the UE is required to perform measurements on non-serving cells. Choice of ssb-RSRP corresponds to cell RSRP based on SS/PBCH block and choice of csi-RSRP corresponds to cell RSRP of CSI-RS”. Then, based on the UE’s RSRP measurement reports, the gNB knows whether or not the UE is required to perform measurements. The UE behavior is undefined in case the UE is not required to perform measurements. For example, a complete UE behavior can be defined, possibly by RRC signaling by the gNB allowing/forbidding the UE to perform measurements when the SpCell RSRP is above the threshold. However, as RAN2 and RAN4 are also responsible groups, RAN1 need not consider any measurement-related enhancements introduced by RAN2 or RAN4.
Observation 1: Unless RAN1 is requested by RAN2/RAN4 to provide support for enhancements to measurement-related features introduced by RAN2/RAN4, RAN1 need not discuss such enhancements.  
Discussions in RAN1 can therefore focus on potentials signaling mechanisms for enabling/disabling MGs indicated by higher layers. Moreover, considering the mobility scenarios and SINRs associated with XR applications, the most relevant scenario for MGs is the one for inter-band MGs and other scenarios need not be considered for specific optimizations although an eventual mechanism to support enabling/disabling of MGs can be agnostic to a particular scenario. 

Potential solutions based on triggering/enabling by network signaling
	Agreement
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


Among the above 5 alternatives, Alt. 1 is the only viable or efficient solution to enable/disable MG while also having minimum specification impact. Other alternatives cannot provide meaningful benefits as is subsequently discussed. 
Alt. 2 requires more overhead to enable/disable MG compared to Alt. 1 since it needs additional PDSCH to provide activate MAC CE. Further, it is unclear what additional information is necessary in MAC CE activation. Though a MAC CE may provide faster indication for MG skipping than RRC-based solution, it is still slower than DCI-based solution and a rather arbitrary middle point between DCI-based indication and RRC indication. Moreover, that solution is not possible with an UL grant. One suggested motivation for Alt. 2 is to enable/disable consecutive MGs to be skipped or not skipped by providing corresponding activation/deactivation. However, providing indication for multiple MGs in advance is not motivated by any operational consideration of XR traffic as future scheduling requirements cannot be known beyond a next MG, for example due to UL/DL traffic characteristics related to jitter, or due to TB retransmissions for the UL or DL, etc. Also, that is likely to degrade mobility performance (i.e., handover success rate) because the UE cannot measure the signal quality of neighboring cells during the consecutive MGs. and may miss to switch the best possible cell for improving overall mobility performance and reducing dropped calls or connection issues, especially for XR. Additionally, compared to the data rate requirements of XR, there is no overhead to be saved by enabling/disabling multiple MGs via a same MAC CE over using DCI to enable/disable the next MG.  
For Alt. 3, the main motivation of introducing semi-static solution is that one of XR traffic characteristics is non-integer periodicity that may not be aligned with any MG configurations. However, such mechanism cannot control mobility performance because it is semi-static. Thus, XR performance would be even more degraded compared to doing nothing if a UE loses connection by skipping MG based on RRC configuration. Also, such mechanism fails to account for jitter of XR traffic or for UL/DL TB retransmissions, or for the variable XR frame size, etc. Finally, similar to Alt. 2, there are no overhead or coverage benefits versus using (dynamic) L1 signaling. 
For Alt. 4, the motivation is not clear as to why gap/SMTC configuration should change dynamically because current specification supports semi-static reconfiguration. Also, Alt. 4 can be implicitly enabled via Alt. 1. In that sense, Alt. 4 is a subset of Alt. 1 while Alt.1 is simpler to specify. 
Alt. 5 is not a mechanism of triggering/enabling by network signaling (though it was included as an option). Thus, it should be discussed together with other types of solution. Furthermore, any rule-based solution is likely to be ad-hoc to some extent, cannot adjust to real deployments and ongoing NW considerations, and may need definition of various test cases to check whether such functionality would work between gNB and UE which may require significant RAN4 impacts. As for other alternatives, there is no actual benefit over Alt. 1. 
For the specifics of Alt. 1, a DCI can be UE-specific or UE-group common. For a UE-specific DCI, a DCI field can be introduced. Although that field would be rarely used, typically even less often than A-CSI/SRS triggering, DCI overhead is not an issue for XR applications and UE-specific DCI can be used at any time without even scheduling actual data and still not have any impact on overall spectral efficiency. That can also address signaling enabling/disabling of MGs when a UE only has transmissions/receptions that are configured by higher layers such as CG-PUSCH transmissions. For example, it would be rather trivial to add a one-bit field in DCI formats (other than DCI formats 0_0/1_0) to indicate enabling/disabling measurements during the next MGL. For UE-group common DCI, new UE procedures would be required, there is no HARQ-ACK report from the UE, monitoring may not be as frequent as for UE-specific DCI or may impact UE power savings, and there won’t be many UEs with simultaneously active XR traffic on a cell. Therefore, UE-group common DCI may not be further considered as there is no apparent benefic over UE-specific DCI while there are disadvantages and a larger specification impact. Regarding the required timeline for application of the indication for enabling/disabling MGs it is noted that 0.5ms and 0.25ms have been considered as switching times for FR1 and FR2 in [2]. From a RAN1 perspective, introducing other processing timeline(s), such as for example for the UE to cancel preparation for MGs within the switching time and be ready for scheduling, is not necessary as it would be a questionable and minor optimization with substantial specification and testing impact. It is sufficient to clarify that the UE does not expect to receive (or ignores) an indication to skip MG(s) that is not received earlier than the switching time (defined in [2]) before the starting symbol of the corresponding MG. The default UE assumption, if the UE does not receive any indication for enabling/disabling of an MG, can be the legacy UE behavior that the UE follows the RRC configuration of the MG.
Proposal 1: Consider adding one bit in UE-specific DCI formats (other than DCI format 0_0/1_0) to indicate whether or not a UE skips a next MG and continues receptions/transmissions. 



[bookmark: _GoBack]Other types of solutions
	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


	A justification is not apparent for types of solutions other than network triggered signaling that fall within the RAN1 responsibilities. 
In Rel-18, a UE reports RSRP measurements and the gNB can know whether the threshold indicated to the UE by s-MeasureConfig is exceeded or not at the UE. Moreover, leaving to the UE the decision to skip an MG may have adverse effects to the NW operation, as the UE is not aware of the NW layout, traffic congestion, or possibility for handover, and it is unclear how such functionality can be tested and not lead to unpredictable UE behavior. Also, unlike an indication by the gNB, for which HARQ-ACK report is possible and a common gNB/UE understanding can be established, that is not the case for the UE in case the indication is provided by PUCCH or PRACH transmission (which will also complicate gNB implementation and specifications) while if the indication is provided by PUSCH, the UE can provide BSR (if not already provided) and the gNB can then decide to indicate whether or not the UE can skip an upcoming MG. 
It is again noted that there are already available mechanisms for a UE to relax/skip RRM measurements and that, for the mobility scenarios and SINRs required for XR services, even defining the UE behavior to skip MGs when the RSRP is smaller than s-MeasureConfig is likely to be sufficient to achieve practically all benefits from skipping MGs in favor of scheduling since the s-MeasureConfig threshold is typically lower than the RSRP required to meet XR latency/reliability requirements. It is then actually more likely that XR traffic may arrive at the UE when the UE is not in C-DRX active period (if C-DRX is configured for UE-power savings, although there is some flexibility for the gNB to align C-DRX and MGs) or even when the UE performs measurements during an MG. Therefore, over-optimizations with material impact to the specifications and the gNB implementation, unclear testability, detrimental impact on network operation, and unclear or absent benefits should not be considered when a fully flexible and rather trivial solution is already available. Also, proposals related to enhancing mechanisms that RAN2 developed for measurement enhancements should not be discussed in RAN1. 
Proposal 2: Do not consider other types of solution including UE-initiated indication for MG skipping. 

Conclusion
This contribution considered how to enable/disable a measurement gap (enable/disable UE transmissions/receptions during an MG) and proposes the following. 
Observation 1: Unless RAN1 is requested by RAN2/RAN4 to provide support for enhancements to measurement-related features introduced by RAN2/RAN4, RAN1 need not discuss such enhancements.  
Proposal 1: Consider adding one bit in UE-specific DCI formats (other than DCI format 0_0/1_0) to indicate whether or not a UE skips a next MG and continues receptions/transmissions. 
Proposal 2: Do not consider other types of solution including UE-initiated indication for MG skipping. 
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