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1 Introduction
[bookmark: _Hlk145277988]In RAN1#116-bis [1], it was discussed on details for potential solutions for enabling/disabling transmission/reception in gaps/restrictions that are caused by RRM measurements. This contribution discusses on pros and cons for the potential solutions. 
2 Discussion

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 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: Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s); 
· FFS: Alt 1-2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s);
· FFS: Alt 1-3: Implicit indication by DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s);
· FFS: DCI format, DCI content, DCI bit-field size;
· FFS: Whether indication is for one or more occasions;
· FFS: How to consider time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· FFS: Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received.
· FFS: Alt 2-1a: gNB sends an activation command to enable pre-configured gap(s)/restriction(s), UE will skip gap(s)/restriction(s) after de-activation command is received.
· FFS: Alt 2-2: RRM measurement adaptation is applied to all MG configurations/scheduling restrictions due to all SMTC configurations, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) and is conducted in a time-window, and time-windows are derived from a semi-persistent configuration activation for their periodicity, offset and duration.
· FFS: Alt 2-3: Activate/de-activate one or more of pre-configured pattern(s) via MAC-CE to indicate occasions where Tx/Rx is prioritized over gap(s)/restriction(s);
· FFS: Details of activation/deactivation MAC-CE command 
· FFS: How to consider time offset between activation/deactivation command and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions;
· FFS: Details of pattern
· FFS: Alt 3-2: Gaps/restrictions skipping is applied to all MG configurations/scheduling restrictions due to all SMTC configurations / RRM measurements, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) / RRM measurement(s) and is conducted in a time-window, and time-windows are derived from a semi-static configuration for their periodicity, offset and duration.
· FFS: Alt 3-3: Gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
· FFS: Alt. 3-4: Gaps/restrictions that are caused by RRM measurements are skipped based on semi-statically configured priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions.


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 will be subsequently discussed. For sub-alternatives, Alt. 1-1 is the simplest and most straightforward solution compared to Alts. 1-2 and 1-3. 
Alt. 1-2 does not offer any identifiable benefit over Alt. 1-1 and needs an additional mechanism to determine whether a particular MG is within the indicated time window. With Alt. 1-2, the gNB needs to make longer term decisions regarding MGs compared to Alt. 1-1 and therefore Alt. 1-2 is less robust to changes in overall traffic on a cell, including instantaneous XR traffic and QoS for a UE, and to changes resulting from the UE mobility or from XR traffic variations. Further, Alt. 2-2 would require additional UE complexity for identifying the time window and then comparing the identified time window with one or multiple MGs and may also result to additional specification impact/clarifications such as whether/when one MG is partially included in the indicated time window. 
Alt. 1-3 aims to save DCI overhead related to providing an explicit indication. Typically, an implicit indication for a functionality requires scheduling restrictions and specified rules for a UE to follow. Given that Alt. 1-1 can require only one bit to indicate whether or not a UE skips a next MG and given that even the whole DCI represents negligible signaling overhead for the data rates associated with XR, there is clearly no reason for any implicit indication by DCI. For Alt. 1-1, 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, possibly 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.
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 like Alts. 2-1, 2-1a, 2-2 and 2-3. However, as also discussed form Alt. 1-2, 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. 

Observation 1: There is no need and is disadvantageous for a gNB to indicate to a UE to skip multiple MGs.

Observation 2: There is no need and is disadvantageous for a gNB to semi-statically indicate skipped MGs to a UE.

Proposal 1: Support Alt. 1-1 by 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 if the UE skips the next MG). 

UE assistance information
	Agreement
RAN1 continues to discuss and decide whether or not to introduce new UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. At least the following UE assistance information is considered for further study:
· FFS: UE assistance information related to measurement occasions:
· FFS: The number of needed measurement gaps/SMTC with restrictions within a time period; 
· FFS: The maximum number or ratio of MGs/SMTC with restrictions that can be skipped within a time period;
· FFS: The number of required SSBs within a time period;
· FFS: The number of consecutive RRM measurements that can be skipped;
· FFS: The maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements;
· FFS: The patterns of gap(s)/restriction(s) where skipping is feasible or acceptable;  
· FFS: UE assistance information related to channel conditions:
· FFS: RSRP is below/above search threshold (s-MeasureConfig);
· FFS: UE assistance information related to traffic:
· FFS: PSI (PDU set importance);
· FFS: UE assistance information related to UE mobility:
· FFS: L3 parameters related to mobility, e.g., static or not
Companies are encouraged to provide additional details (e.g. how often the UE assistance info is provided, timing, applicable scenarios, performance gains, etc) on their preferred scheme.
Note: From specification point of view, there is no mandated gNB behavior in response to any of the UE assistance information. 
RAN1 to make decision, from RAN1 perspective, in RAN1#117 on the support of UE assistance information.



In Rel-18, a UE reports RSRP measurements and the gNB can know whether or not the threshold indicated to the UE by s-MeasureConfig is exceeded 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. 
A number of MGs required within a time period to satisfy the RRM requirement can be up to the UE implementation and it has been suggested for the UE to report how many MGs the UE needs. In turn, that can enable a gNB to make a better decision in indicating MGs to be skipped without affecting mobility performance. In other words, the argument is that if a UE needs, for example 2 MGs to satisfy the RRM requirements and has a maximum of 4 MGs, the gNB can prioritize scheduling of XR traffic over the last 2 MGs as the UE already performed measurements in MGs to satisfy the RRM requirements. However, such an argument makes certain assumptions and assumes certain requirements for which the benefit for XR is unclear in practice and may even be detrimental. 
A first assumption is that whatever number of measurements the UE reports at a given time will remain applicable in the future in order for the gNB indication for skipping MGs to avoid compromising mobility. It is simple to understand that such assumption is not realistic as, for example, if the UE reports a need for 2 MGs and then the SINR that the UE experiences deteriorates, mobility will be compromised if the gNB indicates to the UE to skip MGs based on a past channel condition by the UE which obviously cannot capture future conditions. One possible way to reduce a negative impact of a changing channel/SINR is for the gNB to be conservative and indicate skipping of fewer MGs that the maximum possible MGs that could be skipped based on the indication by the UE for the number of required MGs. However, that is still not robust for mobility support and most possible gains from the UE requiring fewer MGs to satisfy RRM requirements would then not be realized. 
A second assumption is that a UE having sufficiently high SINR to support the XR data rates is subject to a mobility event and, if so, the gNB cannot derive such information from quantities that the UE already provides, such as RSRP/RSRQ or CSI. For example, if the UE is likely to be subject to a mobility event, that will be reflected by a low RSRP, or low RSRQ, or poor CQI that is unlikely to support the XR data rate requirements and the PDB for the affected packets. It is simple, and even without an identifiable penalty for XR, for the gNB to not indicate skipping of MGs in such cases. In other words, a gNB already has information from several quantities to determine whether or not to indicate to a UE to skip an MG. A third assumption is that a UE needs to perform RRM measurements when the UE is not subject to a mobility event, or that a UE that is subject to a mobility event can skip some MGs. Neither of those assumptions generally holds.     
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 additionally noted that RAN2 has already introduced a number of UE assistance information in section 5.7.4.1 of [3] (as shown in Table 1) for measurement related information and traffic related information that a gNB can additionally use in deciding whether or not a UE can skip a next 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 on capacity/throughout or handover success/failure rate should not be considered when several quantities are already available to the gNB for making a decision regarding whether or not a UE can skip an MG. 
Table 1. UE assistance information [3]
	5.7.4   UE Assistance Information 
5.7.4.1 General
The purpose of this procedure is for the UE to inform the network of: 
- its delay budget report carrying desired increment/decrement in the connected mode DRX cycle length; or 
...
- its relaxation state for RLM measurements; or 
- its relaxation state for BFD measurements; or 
...
- change of its fulfilment status for RRM measurement relaxation criterion; or 
...
- UL traffic information; or 
...



Proposal 2: New UE assistance information is not supported for the purpose of gNB indication to a UE for the UE to skip a next MG. 

Conclusion
This contribution discussed on remaining details for MG and proposes the following. 
Proposal 1: Support Alt. 1-1 by 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 if the UE skips the next MG). 

Proposal 2: New UE assistance information is not supported for the purpose of gNB indication to a UE for the UE to skip a next MG. 

The followings are observed in this contribution. 
Observation 1: There is no need and is disadvantageous for a gNB to indicate to a UE to skip multiple MGs.

Observation 2: There is no need and is disadvantageous for a gNB to semi-statically indicate skipped MGs to a UE.
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