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1. Introduction
The revised Rel-19 work item on XR has been approved in RAN#103 meeting [1], which can be found in Appendix. In the RAN1#116-bis meeting, we discussed initial issues for enabling TX/RX for XR during RRM measurements and some agreements were achieved [2], which can be found in Appendix.
In this contribution, we discuss potential design on enabling TX/RX for XR during RRM measurements and provide our views.
2. General discussion
Currently, when the UE performs RRM measurement on a band, the normal data transmission of the UE is temporarily interrupted. However, for UEs with higher capabilities, they can complete the RRM measurement in advance. As shown in Fig.1, this leads to the phenomenon that part of the time of an RRM measurement GAP will be used by the UE for RRM measurement, and the other part will be idle. A UE waiting in idle period is practically meaningless.


Figure 1: RRM measurement gap
[bookmark: OLE_LINK6][bookmark: OLE_LINK2]In scenarios where network resource occupancy rate is high, gNB has the flexibility to reallocate resources originally assigned to these UEs during their RRM measurement to other UEs without significantly impacting overall system performance metrics such as throughput. Conversely, if the resource occupancy rate is low across the entire communication system, these UEs will experience idle periods that result in wastage of allocated resources. Additionally, the presence of idle time may result in delayed scheduling of critical data packets, thereby impacting the service experience. The gNB can configure the idle period to the UE, or the UE can directly report the idle period to the gNB . This implies that the support for partial cancellation or skipping of gaps or restrictions caused by RRM measurements is essential.
Observation1：The scheduling of UEs with higher capabilities can be expedited as they are able to complete their RRM measurements earlier.
Observation2：The enhancement of system scheduling efficiency can be achieved by effectively reducing the idle time of UEs caused by RRM measurement, particularly in scenarios with low system resource occupancy rate.
Proposal 1：Relevant reporting and processing mechanisms for mitigating UEs idle time caused by RRM measurements could be deliberated in RAN1, if deemed necessary.
[bookmark: OLE_LINK13]Proposal 2：Partial cancellation or skipping of gaps or restrictions caused by RRM measurements could be futher discussed, if deemed necessary.
From the perspective of UE implementation, it is crucial to allocate sufficient time prior to canceling/skipping specific gaps/restrictions and preparing for communication transmission. This necessitates establishing a reference point and determining the duration of the timeline. The time interval between the cancellation/skipping signaling transmitted by the gNB and the target gaps/restrictions must adhere to the timeline limit in a network signaling based solution. Additionally, it is essential to accurately define the duration of this timeline to allow ample preparation time for UE communication transfers; otherwise, any proposed solution would be rendered ineffective. The determination of this timeline duration significantly influences solution selection; for instance, if a 0.5 ms timeline is required, an RRC signaling based solution becomes impractical. Furthermore, precise alignment between the length of the timeline and the sending cycle of the communication service is not necessary for ensuring smooth operation of the entire mechanism. Therefore, there can be flexibility in defining the length of the timeline.
Observation3: It is crucial to allocate sufficient time prior to canceling/skipping specific gaps/restrictions and preparing for communication transmission.
Proposal 3：Timeline for solutions of enabling TX/RX for XR during RRM measurements should be discussed in RAN1.
In RAN1#116-bis meeting, the following UE assistance informations are achieved based on proposals from companies:
· UE assistance information related to measurement occasions
· UE assistance information related to channel conditions
· UE assistance information related to traffic
· UE assistance information related to UE mobility
From the perspective of RAN1, only the discussion on the first UE assistance information is necessary. The determination of whether other UE assistance information is required lies with RAN2. Currently, there is no immediate need for UE assistance information, but it can be addressed subsequent to finalizing the solution.
Proposal 4：RAN1 should focus on the discussion for UE assistance information related to measurement occasions. Whether/How to support the UE assistance information related to channel conditions, traffic and UE mobility could be discussed in RAN2.
3. [bookmark: OLE_LINK14]Solutions of enabling TX/RX for XR during RRM measurements
3.1. [bookmark: OLE_LINK7]Network signaling based solutions
During the RAN1#116-bis meeting, we explored solutions based on network signaling triggering/enabling mechanisms. Based on the proposals put forth by each company, the following schemes are being considered as potential candidates: 
· 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.
· [bookmark: OLE_LINK12]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.
The semi-persistent solution of Alt.2 offers an opportunity to introduce dynamic stop/start signaling alongside semi-static signaling, thereby enhancing the flexibility of semi-static signaling while reducing the frequency of dynamic signaling. This approach allows us to leverage both Alt.1 and Alt.3 simultaneously.We propose prioritizing discussions around Alt.2 initially. For Alt 2-1 and Alt 2-1a, we can introduce a pair of signalings - one indicating the cancellation of MG/SMTC and another indicating restoration of activation state after cancellation. The UE will skip MG/SMTC as instructed by the first signaling until receiving the second one. For Alt 2-2 and Alt 2-3, it is necessary for the gNB to accurately predict the time range in which the RRM GAP is skipped or identify a discernible pattern. However, this poses challenges for the implementation of the gNB. Therefore, considering Alt 2-1 and Alt 2-1a as baseline solutions and engaging in further detailed discussions becomes imperative. 
Observation4：The utilization of Alt.2 can enhance the flexibility of semi-static schemes and decrease the transmission frequency of dynamic signaling.
Proposal 5：Advocate for Alt.2 as the baseline solution, and down select between Alt 2-1 and Alt 2-1a.



3.2. [bookmark: OLE_LINK5]UE reporting based solutions
Similar to UTO-UCI, UEs can report whether to skip RRM measurements in the event of gaps or restrictions caused by the RRM measurement. Compared to network signaling-based solutions, UE reporting-based solutions can mitigate the impact of skipping on RRM measurements and prevent forced interruption of RRM measurements by the gNB when uplink/downlink transmission conditions are unfavorable. For UE reporting based solutions, the following options can be considered as a starting point: 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Option 1: The UE reports an indication bit via the UCI to indicate whether the subsequent RRM GAP(s) will skip RRM measurements
 Option 2: The UE reports a bitmap via the UCI to indicate whether that the RRM GAP(s) will skip RRM measurements within the specified time window.
Proposal 6：Support to further discuss the UE reporting based solutions for enabling TX/RX for XR during RRM measurements


4. Conclusion
In this contribution, we provide the following proposals and observations.
Observation1：The scheduling of UEs with higher capabilities can be expedited as they are able to complete their RRM measurements earlier.
Observation2：The enhancement of system scheduling efficiency can be achieved by effectively reducing the idle time of UEs caused by RRM measurement, particularly in scenarios with low system resource occupancy rate.
Observation3: It is crucial to allocate sufficient time prior to canceling/skipping specific gaps/restrictions and preparing for communication transmission.
Observation4：The utilization of Alt.2 can enhance the flexibility of semi-static schemes and decrease the transmission frequency of dynamic signaling.
Proposal 1：Relevant reporting and processing mechanisms for mitigating UEs idle time caused by RRM measurements could be deliberated in RAN1, if deemed necessary.
Proposal 2：Partial cancellation or skipping of gaps or restrictions caused by RRM measurements could be futher discussed, if deemed necessary.
Proposal 3：Timeline for solutions of enabling TX/RX for XR during RRM measurements should be discussed in RAN1.
Proposal 4：RAN1 should focus on the discussion for UE assistance information related to measurement occasions. Whether/How to support the UE assistance information related to channel conditions, traffic and UE mobility could be discussed in RAN2.
Proposal 5：Advocate for Alt.2 as the baseline solution, and down select between Alt 2-1 and Alt 2-1a.
Proposal 6：Support to further discuss the UE reporting based solutions for enabling TX/RX for XR during RRM measurements
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Appendix
Revised Rel-19 work item on XR
	The Rel-19 XR Phase 3 objectives are as follows:
-	Study and if justified, specify aspects related to multi-modality (intra-UE) (with coordination with SA2/SA4 as needed by LS request). Aim to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. [RAN2]. 
NOTE:	Check in RAN#105 (check also other WG involvement if needed).
-	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]
-	Specify Enhancements for Scheduling, as follows: 
-	For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
NOTE:	LCP implementation complexity need to be taken into account when evaluating solutions.
NOTE:	Check in RAN#105
-	Specify the following user plane enhancements [RAN2]
-	RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 
-	Specify Core requirements related to the above objectives as necessary [RAN4]
· Extend Release 18 standalone mechanism to support NR-NR dual connectivity as follows [RAN3]
· PDU set based handling 
· ECN marking 
· Burst Arrival Time reporting, if needed
· PSI Discard coordination, if needed
· Note: No RAN2 impact from above items
NOTE: 	Whether / to what extent network exposure / RAN awareness / e.g. RAN involved rate control, possibly additional info for DL scheduling, parallel with SA2 work, shall be covered in this WI is TBD.




 Agreements in RAN1#116-bis
	
Agreement
Confirm the working assumption from RAN1 #116 with updates:
· 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.
· It is up to RAN4 to discuss which type of gaps/restrictions caused by RRM measurements can be cancelled/skipped
· Note: UE features related to the developed solution(s) is a separate discussion

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.



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.
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