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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#106 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
During the RAN1#116 meeting, we discussed the necessity of simulation for evaluating different solutions. Taking into consideration solutions based on network signaling for triggering/enabling, it is observed that the semi-static solution significantly reduces signaling overhead but lacks flexibility compared to the dynamic solution. In terms of dynamic solutions, whether indicating the status or modifying the configuration of MG/SMTC directly, both approaches yield similar effects since partial indication of MG/SMTC cannot be ruled out currently. These conclusions are self-evident and do not necessitate simulation evaluation. Furthermore, given only 0.5 TUs allocated to this topic during discussions, supporting a comprehensive discussion on simulation evaluation becomes challenging. Based on our current findings, all proposed solutions remain potential candidates for evaluation including those triggered by gNBs, reported by UEs or predefined based on protocol specifications. If simulation is required to assess performance across these various solutions, it implies a reduced reliance on theoretical analysis and mandates evaluating all proposed alternatives which inevitably increases the workload associated with simulation evaluations.
[bookmark: OLE_LINK11]Observation1：The down selection of numerous solutions can be effectively supported through rigorous theoretical analysis.
Observation2：The current allocation of time units for this topic poses a significant challenge in the simulation discussion.
Observation3：Failure to conduct down selection on potential solutions prior to commencing simulation work can result in an escalated workload for the simulations.
Proposal 1：Simulation is unnecessary for evaluating different solutions. Even if simulation becomes necessary, it should be conducted subsequent to narrowing down the range of potential candidate solutions.
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.
Observation4：The scheduling of UEs with higher capabilities can be expedited as they are able to complete their RRM measurements earlier.
Observation5：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 2：Relevant reporting and processing mechanisms for mitigating UEs idle time caused by RRM measurements could be deliberated in RAN1, if deemed necessary.
Proposal 3：The support for partial cancellation or skipping of gaps or restrictions caused by RRM measurements is essential.
3. Solutions of enabling TX/RX for XR during RRM measurements
3.1. [bookmark: OLE_LINK7]Network signaling based solutions
During the RAN1#116 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: 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
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. As for Alt.4, its effect is essentially similar to that of Alt.1. Considering configuration changes related to RRM, it may be more appropriate to defer discussions regarding this aspect to RAN4. Regarding Alt.5, it might be necessary to define a higher priority XR transport than RRM; however, further clarification is required before delving into specific details. In summary, we propose prioritizing discussions around Alt.2 initially. For this particular option, 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 which can be dynamic in nature.
Observation6：The utilization of Alt.2 can enhance the flexibility of semi-static schemes and decrease the transmission frequency of dynamic signaling.
Proposal 4：Advocate for Alt.2 as the baseline solution, taking into account the following aspects: 
· Whether to permit partial cancellation of MG/SMTC through initial signaling; 
· Determination of the type of initial signaling (semi-static or dynamic); 
· Verification if the second signaling is dynamic; 
· Consideration of payload in both first and second signaling.
[bookmark: OLE_LINK10]Proposal 5：Requiring further clarification, the necessity of Alt.5 should be elucidated prior to delving into its specifics.

3.2. 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 down selection of numerous solutions can be effectively supported through rigorous theoretical analysis.
Observation2：The current allocation of time units for this topic poses a significant challenge in the simulation discussion.
Observation3：Failure to conduct down selection on potential solutions prior to commencing simulation work can result in an escalated workload for the simulations.
Observation4：The scheduling of UEs with higher capabilities can be expedited as they are able to complete their RRM measurements earlier.
Observation5：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.
Observation6：The utilization of Alt.2 can enhance the flexibility of semi-static schemes and decrease the transmission frequency of dynamic signaling.
Proposal 1：Simulation is unnecessary for evaluating different solutions. Even if simulation becomes necessary, it should be conducted subsequent to narrowing down the range of potential candidate solutions.
Proposal 2：Relevant reporting and processing mechanisms for mitigating UEs idle time caused by RRM measurements could be deliberated in RAN1, if deemed necessary.
Proposal 3：The support for partial cancellation or skipping of gaps or restrictions caused by RRM measurements is essential.
Proposal 4：Advocate for Alt.2 as the baseline solution, taking into account the following aspects: 
· Whether to permit partial cancellation of MG/SMTC through initial signaling; 
· Determination of the type of initial signaling (semi-static or dynamic); 
· Verification if the second signaling is dynamic; 
· Consideration of payload in both first and second signaling.
Proposal 5：Requiring further clarification, the necessity of Alt.5 should be elucidated prior to delving into its specifics.
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
	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:
[bookmark: OLE_LINK1][bookmark: OLE_LINK3]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:
· [bookmark: OLE_LINK4]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 separate discussion.




1
Microsoft_Visio___1.vsdx
RRM measurement gap
Effective Time for  RRM measurement
Idle Period



image1.emf
RRM measurement gap


