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1. Introduction
At RAN#102 meeting, WID on XR further enhancements was approved with the objective as follows [1]:
	The Rel-19 XR ph3 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. 
· If justified, define a mechanism for transmitter to inform the receiver of SN gap (or missing SNs) in PDCP.
· Specify Core requirements related to the above objectives as necessary [RAN4]
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.



In this contribution, 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) are discussed.
2. Discussions
2.1 Solutions to enable transmission/reception in gaps/restrictions
In RAN1#116 meeting, solutions to enable transmission/reception in gaps/restrictions that are caused by RRM measurements were discussed with following agreements and working assumption. 

	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
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 separate discussion.



There are five alternatives for solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions for further consideration. How these alternatives work needs to be understood first before making further down-selection.

Alt. 1: dynamic indication based solution
For dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements, explicit indication and implicit indication can be considered.

One example for implicit indication based method is that DCI schedules PDSCH/PUSCH in/overlapping with measurement gap or RRM measurement occasion. 
· Alt 1-1: Skipping is implicitly indicated by DCI scheduling PDSCH/PUSCH overlapping with gap/restriction.
For such case, UE skips the measurement gap or RRM measurement occasion and receives/transmits the dynamic PDSCH/PUSCH. The skipping based on implicit indication can be enabled by RRC configuration. If enabled, UE can skip measurement gap or RRM measurement occasion based on the implicit indication.
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Fig 1: Alt 1-1 (implicit dynamic indication to skip MG/RRM occasion)

For explicit dynamic indication based solution, dynamic indication to skip one or multiple particular gap(s)/restriction(s) can be considered. 
· Alt 1-2: Explicit dynamic indication indicates skipping of one gap/RRM occasion
· Alt 1-3: Explicit dynamic indication indicates skipping of a set of consecutive gap/RRM occasions
· Alt 1-4: Explicit dynamic indication indicates skipping of a set of non-consecutive gap/RRM occasions 

For Alt 1-2, a flag for skipping indication is included in the dynamic indication. The skipping indication flag is applied to one gap/RRM occasion, which may be determined based on a rule (e.g. the first gap/RRM occasion after the dynamic indication). Alternatively, the gap/RRM occasion may be determined based on time offset indicated by the dynamic indication or configured by RRC. 
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Fig 2: Alt 1-2 (explicit indication to skip one MG/RRM occasion)

For Alt 1-3, a flag for skipping indication is included in the dynamic indication. The skipping indication flag is applied to a set of consecutive gap/RRM occasions. The first gap/RRM occasion may be determined based on a rule, e.g. the first gap/RRM occasion after the dynamic indication). The number of consecutive gap/RRM occasions may be indicated by the dynamic indication or configured by RRC. Alternatively, the skipping indication flag is applied to a time window, and the time window can be indicated by the dynamic indication, or configured by RRC, or determined based on a rule.
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Fig 3: Alt 1-3 (explicit indication to skip consecutive MG/RRM occasions)

For Alt 1-4, a bitmap for skipping indication is included in the dynamic indication. The skipping indication bitmap is applied to a set of gap/RRM occasions, which can be determined/indicated similar to Alt 1-3.
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Fig 4: Alt 1-4 (explicit indication to skip non-consecutive MG/RRM occasions)

For implicit indication of skipping, the main benefit is that design of explicit indication is not needed. And it may save signaling overhead compared to explicit indication. However, it is not applicable for transmission/reception without DCI to be enabled in gap/restriction. Moreover, it requires pre-DL scheduling of XR data before the measurement gap. Explicit indication can provide more flexibility and can be applicable to enable transmission/reception with or without DCI in gap/restriction. 
For dynamic indication based solution, the issue due to missing of the dynamic indication needs to be further studied. Mismatch between gNB and UE on understanding of whether skipping or not should be avoided. Moreover, processing timeline for the dynamic indication also needs to be studied.  

Proposal 1: For dynamic indication based solution, following alternatives can be considered:
· Alt 1-1: Skipping is implicitly indicated by DCI scheduling PDSCH/PUSCH overlapping with gap/restriction.
· Alt 1-2: Explicit dynamic indication indicates skipping of one gap/RRM occasion.
· Alt 1-3: Explicit dynamic indication indicates skipping of a set of consecutive gap/RRM occasions.
· Alt 1-4: Explicit dynamic indication indicates skipping of a set of non-consecutive gap/RRM occasions.

Observation 1: For dynamic indication based solution:
· Pros: Better flexibility can be provided.
· Cons: 
· Possible additional signaling overhead (in case of explicit indication).
· Mismatch issue due to missing of dynamic indication may need to be studied. 
· Processing timeline may need to be studied.

Alt-2: semi-persistent solution

For semi-persistent solution, the main idea is to rely on a skipping activation indication to activate skipping of MG/RRM occasions, and a later de-activation indication to release the skipping. When UE receives a skipping activation indication, UE will skip MG/RRM occasion, until de-activation indication is received.
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Fig 5: Alt 2 (semi-persistent solution to skip non-consecutive MG/RRM occasions)

In our understanding, it is not realistic that the skipping of RRM measurement lasts for a long time, considering impact on RRM performance. There may be frequent skipping activation and de-activation command.
Moreover, the issue due to missing of skipping activation and de-activation command needs to be further studied. Mismatch between gNB and UE on understanding of whether skipping or not should be avoided.  

Observation 2: For semi-persistent solution, when UE receives a skipping activation indication, UE will skip MG/RRM occasion, until de-activation indication is received.
· Pros: Flexibility can be provided by dynamic activation and de-activation indication.
· Cons: 
· Frequent activation and de-activation command may lead to much additional signaling overhead.
· Mismatch issue due to missing of dynamic activation and de-activation indication needs to be studied. 
· Processing timeline may need to be studied.
· Application scenario to skip gaps/restrictions in a long duration may be not typical.


Alt-3: semi-static solution

For semi-static solution, a skipping pattern on gap/RRM occasions can be semi-statically configured. UE skips MG/RRM occasion based on the configured skipping pattern.
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Fig 6: Alt 3 (semi-static solution to skip non-consecutive MG/RRM occasions)

For Alt 3, dynamic indication is not needed, and there would not be any mismatch issue due to missing of dynamic indication. The semi-static configured skipping pattern is not as flexible as skipping indication based on dynamic indication. It is more suitable for periodic/predictable XR traffic (e.g. using SPS/CG). However, the semi-static pattern may not well align with XR traffic, e.g. due to periodicity misalignment and/or jitter. 

Proposal 2: For semi-static solution, UE skips MG/RRM occasion based on configured skipping pattern.

Observation 3: For semi-static solution:
· Pros: 
· Not require dynamic indication. There is no mismatch/timeline issue.
· Suitable for periodic/predictable XR traffic.
· Cons: 
· Semi-static pattern may not well align with XR traffic, e.g. due to periodicity misalignment and/or jitter.

Alt-4: dynamic MG/SMTC adaptation 

For Alt 4, the parameters (e.g. periodicity and/or length) of MG/SMTC configuration can be dynamically changed. 
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Fig 7: Alt 4 (dynamic MG/SMTC adaptation)

It would cause large RAN4 impact because MG/SMTC configurations are related to almost all part of RRM requirements. If these configurations are dynamically changed, almost all RRM requirements shall be modified according to the configuration change. 

Observation 4: For dynamic MG/SMTC adaptation based solution, dynamic indication can change MG/SMTC parameters, e.g. periodicity, length.
· The dynamic MG/SMTC adaptation based solution would cause large RAN4 impact.

Alt-5: rule based solution 

For rule based solution, a straightforward solution is to indicate/define priority values for channel/signal transmission/reception and MG/RRM occasion. The priority values of channels/signals and priority values of measurement gap/RRM measurement are used to determine prioritization. For example, UE determines whether to prioritize channel/signal by comparing the priority values of the channel/signal and the measurement gap/RRM measurement. 
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Fig 8: Alt 5-1 (rule based on priority values of channel/signal and MG/RRM)

In addition, a priority rule similar to PRS priority rule can be considered. 
In Rel-16 NR positioning, priority state value for DL PRS can be configured. UE determines whether to measure DL PRS or receive other DL channel/signal based on the priority state value of DL PRS (as captured in below table). 

	TS 38.214, v18.0.0, section 5.1.6.5
<*****************************************omitted**************************************>
The UE is expected to measure the DL PRS outside the measurement gap, subject to UE capability, if the DL PRS is inside the active DL BWP and has the same numerology as the active DL BWP and is within the DL PRS processing window indicated by higher layer parameter DL-PPW-PreConfig. The UE is not expected to measure the DL PRS outside the measurement gap if the expected received timing difference between the DL PRS from the non-serving cell and that from the serving cell, determined by the higher layer parameters nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty, is larger than maximum Rx timing difference provided by UE capability. For receiving the DL PRS outside the measurement gap and within the DL PRS processing window, the priority between DL PRS and SSB is defined in [11, TS 38.133] and the UE determines the DL PRS priority as indicated by higher layer parameter priority subject to UE capability or as implied by UE capability, except for SSB: 
-	with value 'st1' where the DL PRS is higher priority than all the DL signals and channels, or 
-	with value 'st2' where the DL PRS is lower priority than PDCCH and the PDSCH scheduled by DCI formats 1_1, 1_2 or 1_3 with the priority indicator field in the corresponding DCI format set to 1, and is higher priority than other DL signals and channels, or
-	with value 'st3' where the DL PRS is lower priority than all the DL signals and channels.



Similarly, priority value for channel/signal can be indicated/configured. If the priority value is “st 1”, the channel/signal has higher priority than any RRM measurement. Scheduling limitation for the RRM measurement doesn’t apply. If the priority value is “st 0”, the channel/signal is not prioritized over any RRM measurement. Scheduling limitation for the RRM measurement applies.

Table 1: Mapping between channel/signal priority state value and prioritization state
	priority state value of channel/signal
	prioritization state

	0
	Prioritization over any/all RRM occasion

	1
	no prioritization over any RRM occasion
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Fig 9: Alt 5-2 (rule based on priority values of channel/signal)

For priority value rule based solution, if the priority value is indicated by gNB (e.g. in the DCI scheduling the channel/signal), the benefit of flexibility can be achieved. It is also applicable for channel/signal without DCI, e.g. for periodic XR traffic using SPS/CG if priority value is semi-statically configured for SPS/CG. 

Proposal 3: For rule based solution, priority value based rule can be considered:
· Alt 5-1: UE determines whether to prioritize channel/signal by comparing the priority value of the channel/signal and priority value of the measurement gap/RRM measurement.
· Alt 5-2: UE determines prioritization state based on priority value of the channel/signal.

Observation 5: For priority value rule based solution:
· If the priority value is dynamically indicated, flexibility can be provided.
· Applicable for channel/signal with and without DCI if priority value is semi-statically configured.

Based on above discussion, pros and cons for each method are provided in the following table. Based on the analysis, (Reason not to support Alt2/4) and hence, Alt 2 or Alt 4 should not be supported.

Table 2: Analysis for alternatives
	
	Pros
	Cons

	Alt 1
	Flexibility
	If the dynamic indication is by explicit indication, signaling overhead needs to be considered.
Mismatch due to missing of dynamic indication needs to be handled.
Processing timeline may need to be defined.

	Alt 2
	Flexibility
	Possible frequent de-activation and re-activation command.
Signaling overhead needs to be considered.
Processing timeline may need to be defined.
Application scenario to skip gaps/restrictions in a long duration may be not typical.

	Alt 3
	Not require dynamic indication.
Maybe appropriate for periodic XR traffic (e.g. using SPS/CG).
	Semi-static configuration is not as flexible as dynamic indication.
The semi-static pattern may not well align with XR traffic, e.g. due to periodicity misalignment and/or jitter.

	Alt 4
	Flexibility
	Large RAN4 impact
Possible frequent MG configuration change

	Alt 5
	Flexibility if priority value is dynamically indicated for channel/signal.
Maybe appropriate for periodic XR traffic using SPS/CG if priority value is semi-statically configured for SPS/CG
	priority value indication/configuration 



Proposal 4: Not support Alt 2 and Alt 4. Further down-select among Alt 1, Alt 3 and Alt 5.

2.2 Partial skipping
According to RAN1#116 meeting agreement, whether/how to support partial skipping will be further discussed.

	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



In our view, partial skipping of gap/restriction would cause large RAN4 impact. MG/SMTC configurations are related to almost all part of RRM requirements. If a measurement gap is partially skipped, RAN4 needs complicated study that how to treat MG length in this case. Therefore, partial skipping of gap/restriction is not preferred.

Proposal 5: Not support the case where an occasion of gap/restrictions caused by RRM measurements are can-celled/skipped partially.

3. Conclusion
In this contribution, we discussed possible methods to enable transmission/reception in gaps/restrictions that are caused by RRM measurements. We have the following observations and proposals:

Observation 1: For dynamic indication based solution:
· Pros: Better flexibility can be provided.
· Cons: 
· Possible additional signaling overhead (in case of explicit indication).
· Mismatch issue due to missing of dynamic indication may need to be studied. 
· Processing timeline may need to be studied.

Observation 2: For semi-persistent solution, when UE receives a skipping activation indication, UE will skip MG/RRM occasion, until de-activation indication is received.
· Pros: Flexibility can be provided by dynamic activation and de-activation indication.
· Cons: 
· Frequent activation and de-activation command may lead to much additional signaling overhead.
· Mismatch issue due to missing of dynamic activation and de-activation indication needs to be studied. 
· Processing timeline may need to be studied.
· Application scenario to skip gaps/restrictions in a long du-ration may be not typical.

Observation 3: For semi-static solution:
· Pros: 
· Not require dynamic indication. There is no mismatch/timeline issue.
· Suitable for periodic/predictable XR traffic.
· Cons: 
· Semi-static pattern may not well align with XR traffic, e.g. due to periodicity misalignment and/or jitter.

Observation 4: For dynamic MG/SMTC adaptation based solution, dynamic indication can change MG/SMTC parameters, e.g. periodicity, length.
· The dynamic MG/SMTC adaptation based solution would cause large RAN4 impact.

Observation 5: For priority value rule based solution:
· If the priority value is dynamically indicated, flexibility can be provided.
· Applicable for channel/signal with and without DCI if priority value is semi-statically configured.

Proposal 1: For dynamic indication based solution, following alternatives can be considered:
· Alt 1-1: Skipping is implicitly indicated is by DCI scheduling PDSCH/PUSCH overlapping with gap/restriction.
· Alt 1-2: Explicit dynamic indication indicates skipping of one gap/RRM occasion.
· Alt 1-3: Explicit dynamic indication indicates skipping of a set of consecutive gap/RRM occasions.
· Alt 1-4: Explicit dynamic indication indicates skipping of a set of non-consecutive gap/RRM occasions.

Proposal 2: For semi-static solution, UE skips MG/RRM occasion based on configured skipping pattern.

Proposal 3: For rule based solution, priority value based rule can be considered:
· Alt 5-1: UE determines whether to prioritize channel/signal by comparing the priority value of the channel/signal and priority value of the measurement gap/RRM measurement.
· Alt 5-2: UE determines prioritization state based on priority value of the channel/signal.

Proposal 4: Not support Alt 2 and Alt 4. Further down-select among Alt 1, Alt 3 and Alt 5.

Proposal 5: Not support the case where an occasion of gap/restrictions caused by RRM measurements are can-celled/skipped partially.
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