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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk111214318]In RAN#102 meeting, a WI on XR for NR phase 3 in Rel-19 was approved with the following objectives involving RAN1 [1]: 
	…
· 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]
...


In RAN1#116 meeting, the following agreements and working assumption were achieved regarding enabling transmission/reception in gaps/restrictions that are caused by RRM measurements [2].
	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 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 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.



In this contribution, the above enhancements to enable transmissions/receptions in gaps/restrictions will be discussed in details, along with related questions and potential solutions.
2. Discussion
1. 
2. 


[bookmark: _Ref127554507]Figure 1. Illustration of enabling transmissions/receptions in measurement gaps
Regarding enhancements to enable transmissions/receptions in gaps/restrictions that are caused by RRM measurements, the following aspects can be considered:
· Which types of gaps/restrictions that can be skipped/relaxed for transmissions/receptions;
· What transmissions/receptions that can trigger skipping/relaxation of  gaps/restrictions;
· How to enable transmissions/receptions in gaps/restrictions.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In the following section, each aspect will be discussed in details, with related questions and potential considerations/solutions.
2.1 Which types of gaps/restrictions that can be skipped/relaxed for transmissions/receptions
Per existing specifications [3], we can observe that there are many types of gaps or scheduling restrictions, such as per UE/per FR measurement gaps, NCSG, scheduling restrictions involved measurement procedures/radio link monitoring and link recovery procedures, etc. In last RAN1 meeting, the following working assumption was made.
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.
From our perspective, all types of gaps or scheduling restrictions described above can be considered to introduce enhancements for enabling transmissions/receptions in gaps/restrictions at the first stage. In addition, RAN1 should strive for specifying unified solution to enable transmissions/receptions in gaps/restrictions for all involved types of gaps or scheduling restrictions. Once the above issues are concluded, a LS can be sent to RAN4 to inform them of RAN1’s decision, and request them for further study on feasibility, potential issues and solutions, etc.
Based on RAN1’s discussion, RAN4 can further study and identify for each type of gaps or scheduling restrictions, whether/to what extent the corresponding gaps or scheduling restrictions can be skipped or relaxed, whether/how the corresponding RRM requirements shall be adjusted accordingly. Taking the extent for skipping/relaxation of a given type of gaps or scheduling restrictions as an example, it can be discussed how often this type of gaps or scheduling restrictions can be skipped or relaxed, e.g. by controlling the upper limit of number or ratio of skipped/relaxed gaps/scheduling restrictions within a predefined time window, which may be fixed window or sliding window. Once RAN4 concludes on these issues, the corresponding conclusions can be informed to RAN1 in time.
[bookmark: _Ref163053637]Proposal 1:  RAN1 follows the working assumption 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, unless essential issues are identified.
[bookmark: _Ref163053639]Proposal 2: It is up to RAN4 to study and identify for each type of gaps/restrictions that are caused by RRM measurements, whether/to what extent the corresponding gaps or scheduling restrictions can be skipped or relaxed, and whether/how the corresponding RRM requirements shall be adjusted accordingly.
2.2 [bookmark: OLE_LINK2][bookmark: OLE_LINK3]What transmissions/receptions that can trigger skipping/relaxation of gaps/restrictions
In the last RAN1 meeting, it was agreed that when an occasion(s) of gaps/restrictions that are caused by RRM measurements are cancelled/skipped fully, the 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. Another issue is what transmissions/receptions can trigger skipping/relaxation of gaps/restrictions.
In our opinion, RRM measurements are important for UEs in RRC_CONNECTED mode, since they are the basic input for operations and procedures to maintain connection between UEs and the network, e.g. handover. As a result, it should be guaranteed that transmissions/receptions are enabled in gaps/restrictions only if the transmissions/receptions are justified to be important and urgent. 
Since the enhancements aim to guarantee or improve XR capacity performance, which is highly related to transmission of XR traffic, the transmissions/receptions that can trigger skipping/relaxation of gaps/restrictions can be discussed from the following aspects:
· Type(s) of channels/signals that can trigger enabling transmissions/receptions in gaps/restrictions
At least data channels and related control channels should be considered, including PDCCH/PDSCH in downlink and PUCCH/PUSCH in uplink, since they are used directly in XR traffic transmission.
· Characteristic(s) of service data that can trigger enabling transmissions/receptions in gaps/restrictions
Only important and urgent service data can trigger enabling transmissions/receptions in gaps/restrictions. The service data may be justified as important and/or urgent based on corresponding QoS requirements, data volume, remaining PDB, etc.
When there is channel(s)/signal(s) related to convey important and urgent service data, it can trigger enabling transmissions/receptions in gaps/restrictions. That is, once a gap/restriction occasion is indicated to be skipped/relaxed/cancelled, it is expected at least the channel(s)/signal(s) related to convey important and urgent service data are transmitted/received in the gap/restriction occasion. Once a gap/restriction occasion is indicated to be skipped//relaxed/cancelled, it is simpler to skip/relax/cancel the whole gap/restriction occasion, and other channel(s)/signal(s) can also be enabled in the gap/window, even if it does not fulfil the condition(s) of triggering skipping/relaxation of gaps/restrictions.
[bookmark: _Ref163053641]Proposal 3: At least data channels and related control channels, including PDCCH/PDSCH in downlink and PUCCH/PUSCH in uplink, can be considered to trigger enabling transmissions/receptions in gaps/restrictions that are caused by RRM measurements.
[bookmark: _Ref163053642]Proposal 4: Characteristic(s) of service data can be considered to trigger enabling transmissions/receptions in gaps/restrictions that are caused by RRM measurements.
In the last meeting, it was also discussed about partial skipping/cancellation of a gap/restriction occasion that is caused by RRM measurements. Taking measurement gap as an example, the measurement gap length (MGL) is configured so that at least one synchronization signal is covered by a measurement gap, with RF retuning time reserved in the front and tail parts of the measurement gap. If part of a gap/restriction occasion is skipped/cancelled for Tx/Rx, the remaining time in the gap/restriction occasion may not be sufficient for the UE to perform RRM measurements. Furthermore, it may be needed to discuss whether the partial skipped/cancelled gap/restriction occasion is counted in the number of skipped/cancelled gap/restriction occasions if the UE reports some RRM measurement occasion demands such as maximum number of gap/restriction occasions that can be skipped/cancelled, as discussed in the following section. Considering partial skipping/cancellation of a gap/restriction occasion is more complicated from both implementation and specification perspectives, discussion on partial skipping/cancellation of a gap/restriction occasion is not pursued.
[bookmark: _Ref163053644]Proposal 5: Discussion on partial skipping/cancellation of a gap/restriction occasion that is caused by RRM measurements is not pursued.
2.3 How to enable transmissions/receptions in gaps/restrictions
RRM-related UE assistance information 
It was agreed in last RAN1 meeting to consider at least solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, with the open issue on whether or not/how to account for any UE assistance information/indication in addition to other information available at the network. In our view, RRM measurements are important for UEs in RRC_CONNECTED mode, and UE assistance information is crucial to make this feature work well, due to at least the following reasons.
· XR data  needs to be delivered within a specific PDB, at the same time RRM performance is essential as well. Enabling transmission/reception in gaps/restrictions will have more or less impact on RRM performance. We should strive for minimum RRM impact while guaranteeing XR service quality.
· RRM measurement is up to UE’s implementation, and the gNB does not have the knowledge of gaps/restrictions actually used by the UE for RRM measurement.
· For example, based on a UE’s implementation, only the UE knows at least how many gap/restriction occasions are actually needed for RRM measurement, as well as how to select from available gap/restriction occasions so that the minimum number of gap/restriction occasions is enough to meet corresponding RRM performance requirement.
· Different UEs may have different optimization on RRM measurement algorithm to meet a certain requirement.
· Even for a given UE, gap/restriction occasions that are actually needed for RRM measurement may be different in different UE states, such as low/medium/high mobility, and/or for different UE configurations, e.g. whether DRX is configured or not.
· Without UE assistance information in terms of minimum demand on gap/restriction occasions for RRM measurement, etc., the gNB may need to take conservative decision to reserve more gap/restriction occasions for RRM measurement, or RRM performance requirement at UE side cannot always be met. With the help of UE assistance information, the gNB can use gap/restriction occasions to enable Tx/Rx as many as possible if necessary, while RRM performance can be guaranteed. Alternatively, the gNB can trade-off between quality of XR traffic and performance of RRM measurement.
Observation 1: RRM-related UE assistance information is crucial to facilitate gNB to make proper decision on enabling transmissions/receptions for XR traffic in gaps/restrictions that are caused by RRM measurements.
Regarding what kind of UE assistance information that can be provided to gNB, in addition to XR traffic-related information (e.g., DSR, BSR), the following RRM-related information can be considered.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK6]Option 1: Pattern(s) of gap/restriction occasions that need to be reserved for RRM measurements, e.g. a bitmap can be used for indicating a pattern, with each bit in the bitmap indicating reservation status for one corresponding occasion, or one corresponding group of occasions.
· Option 2: The maximum number or ratio of gap/restriction occasions within a time period that can be skipped/relaxed.
· Option 3: The maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements.
With each option listed above, a specific demand for gap/restriction occasions for RRM measurements are indicated by the UE. When the gNB configures/indicates the UE to perform Tx/Rx in gap/ restriction occasions, such demand should be satisfied. For example, for Option 1, the gNB should indicate to enable Tx/Rx within the gap/restriction occasions that are not reserved for RRM measurements indicated by the UE. For Option 2, the number or ratio of gap/restriction occasions within a time period that are actually skipped/relaxed should not exceed the maximum number or ratio indicated by the UE. Otherwise, the corresponding RRM performance requirements may not be met at UE side.
[bookmark: _Ref163053646][bookmark: _GoBack]Proposal 6: To facilitate gNB indication on enabling transmissions/receptions for XR traffic in gaps/restrictions that are caused by RRM measurements, the following RRM-related UE assistance information on demands for gap/restriction occasions for RRM measurements can be considered.
· Option 1: Pattern(s) of gap/restriction occasions that need to be reserved for RRM measurements.
· Option 2: The maximum number or ratio of gap/restriction occasions within a time period that can be skipped/relaxed.
· Option 3: The maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements.
[bookmark: _Ref163053647]Proposal 7: When the gNB configures/indicates the UE to perform Tx/Rx in gap/ restriction occasions, the UE reported demands for gap/restriction occasions for RRM measurements should be satisfied. Otherwise, the corresponding RRM performance requirements may not be met at UE side.
[bookmark: _Ref163053649]Regarding how the UE assistance information is reported to the gNB, it can be sent via RRC signaling similar to UE capability reporting, or MAC CE, or L1 signaling, which can be further discussed. In our view, RRM-related UE assistance information on demand for RRM gap/restriction occasions is mainly related to gap/restriction configurations, UE implementation algorithm, and may be relative stable, which is not expected to be updated frequently. Therefore, RRC signaling or MAC CE may be sufficient. Once a UE reports such assistance information to the gNB, the assistance information can be applicable until the UE updates the assistance information e.g. when RRC reconfiguration occurs.
Proposal 8: RRM-related UE assistance information on demands for gap/restriction occasions for RRM measurements can be transmitted via RRC signalling, or MAC CE or L1 signalling.

Solutions to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements
Regarding how to enable transmissions/receptions in gaps/restrictions, the following agreement was made in last RAN1 meeting.
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: details
· Alt. 2: Semi-persistent solution to enable Tx/Rx 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.

In our view, all of these alternatives can work well only when they are based on UE assistance information, otherwise, it is not clear how to guarantee the RRM performance and how to make comparison and down-selection among these alternatives. 
It should be noted that a UE needs time to make plan on how to perform RRM measurements, e.g., which occasions will be used for RRM measurements so that the RRM performance requirements can be met. Thus, among these alternatives, for Alt. 1, it may be not friendly for UE implementation on selecting gap/restriction occasions to perform RRM measurements since the UE cannot have a whole picture on the available gap/restriction occasions that can be used for RRM measurements unless all the indicated gap/restriction occasions to enable Tx/Rx are within the occasions that are not reserved for RRM measurements reported by UE. For example, a scheduling DCI can indicate whether involved gap(s) or window(s) with scheduling restrictions should be skipped/relaxed or not, either explicitly by new or re-interpreted field(s) in the DCI, or implicitly by time domain resources occupied by scheduled channel(s)/signal(s). In addition, applicable delay may need to be considered, since there may be some preparation/cancellation operation(s) based on the dynamic indication.
For Alt. 2, it was proposed by companies to activate/deactivate gap/restriction configurations semi-persistently. Considering XR traffic is quasi-periodic, the gNB may need to activate/deactivate a gap/restriction configuration in different periods, it may be not be a good way to frequently send activation/deactivation commands. 
For Alt. 3, generally, the gNB is aware of service data to be delivered over the air interface in both downlink and uplink, and in charge of radio resources by semi-static configuration and dynamic scheduling. Therefore, it is straightforward that whether to enable transmissions/receptions in gap/restriction occasions or not is up to gNB indication. The indication can be based on semi-static configuration, e.g., a time domain pattern can be configured to indicate whether transmissions/receptions related to service data fulfilling predefined condition(s) can be enabled in each gap/restriction occasion, or even each group of gap/restriction occasions. The time domain pattern may correspond to specific type(s) of gaps/scheduling restrictions, or apply to all gaps/scheduling restrictions applicable for the enhancements to be specified. 
For Alt.4, considering the MGL is mainly depends on the periodicity of synchronization signal and RF retuning time, it may be not possible to adapt/change the MGL configuration. One possible way may to dynamic adapt/change the periodicity of a gap/SMTC configuration. However, the collision between XR data transmission and gap/restriction occasions may be temporary and only few gap/restriction occasions needs to be skipped/relaxed. Dynamically adapt/change gap/SMTC configuration seems to be not necessary.
[bookmark: _Hlk159098821]For Alt. 5, it can avoid excessive signaling overhead, whether to enable transmissions/receptions in a gap/restriction occasions or not can also be based on predefined rules. For example, when configured DL and/or UL transmissions which may be associated with high priority are overlapped with a gap/restriction occasion and the occasion is indicated as can be skipped/cancelled for Tx/Rx by RRM-related UE assistance information, UE can perform DL and/or UL transmission within in the gap/restriction occasion. Or when L3 measurement report(s) or L1 CSI report(s) shows the UE is in good channel condition(s) in a time period with respect to serving cell(s), measurement gaps may not be needed for non-serving cell measurements, therefore the measurement gaps in the time period can be skipped temporarily to facilitate more timely traffic delivery. Besides, BSR/SR report(s) can also be used to enable uplink transmissions in gaps/restrictions. For example, when BSR/SR is reported to gNB, the follow-up gap/restriction gap(s) that is caused by RRM measurements is skipped for Tx/Rx. It should be noted that some configuration may also be needed, such as for enabling/disabling specific predefined rules, or for configuration related parameter(s) involved in activated predefined rules.
[bookmark: _Ref163053651]Proposal 9: 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. For each alternative, the demands on gap/restriction occasions for RRM reported from UE side should be satisfied.
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
· The dynamic indication 
· FFS how to define the applicable delay 
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· The semi-static indication should satisfy the demands on gap/restriction occasions for RRM reported from UE side 
· Alt. 5: Rule-based solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements, for example
· When configured DL and/or UL transmissions associated with high priority overlap with a gap/restriction occasion that is caused by RRM measurements, UE performs DL and/or UL transmission within in the gap/restriction occasion
· When L3 measurement report(s) or L1 CSI report(s) shows the UE is in good channel condition(s) with respect to serving cell(s) during a time period, the gap/restriction gap(s) that is caused by RRM measurements within the time period are skipped for Tx/Rx
· When BSR/SR is reported to gNB, the follow-up gap/restriction gap(s) that is caused by RRM measurements is skipped for Tx/Rx.

3. Conclusion
In this contribution, enhancements to enable transmissions/receptions in gaps/restrictions are discussed in details, with the following observations and proposals:
Observation 1: RRM-related UE assistance information is crucial to facilitate gNB to make proper decision on enabling transmissions/receptions for XR traffic in gaps/restrictions that are caused by RRM measurements.
Proposal 1:  RAN1 follows the working assumption 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, unless essential issues are identified.
Proposal 2: It is up to RAN4 to study and identify for each type of gaps/restrictions that are caused by RRM measurements, whether/to what extent the corresponding gaps or scheduling restrictions can be skipped or relaxed, and whether/how the corresponding RRM requirements shall be adjusted accordingly.
Proposal 3: At least data channels and related control channels, including PDCCH/PDSCH in downlink and PUCCH/PUSCH in uplink, can be considered to trigger enabling transmissions/receptions in gaps/restrictions that are caused by RRM measurements.
Proposal 4: Characteristic(s) of service data can be considered to trigger enabling transmissions/receptions in gaps/restrictions that are caused by RRM measurements.
Proposal 5: Discussion on partial skipping/cancellation of a gap/restriction occasion that is caused by RRM measurements is not pursued.
Proposal 6: To facilitate gNB indication on enabling transmissions/receptions for XR traffic in gaps/restrictions that are caused by RRM measurements, the following RRM-related UE assistance information on demands for gap/restriction occasions for RRM measurements can be considered.
· Option 1: Pattern(s) of gap/restriction occasions that need to be reserved for RRM measurements.
· Option 2: The maximum number or ratio of gap/restriction occasions within a time period that can be skipped/relaxed.
· Option 3: The maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements.
Proposal 7: When the gNB configures/indicates the UE to perform Tx/Rx in gap/ restriction occasions, the UE reported demands for gap/restriction occasions for RRM measurements should be satisfied. Otherwise, the corresponding RRM performance requirements may not be met at UE side.
Proposal 8: RRM-related UE assistance information on demands for gap/restriction occasions for RRM measurements can be transmitted via RRC signalling, or MAC CE or L1 signalling.
Proposal 9: 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. For each alternative, the demands on gap/restriction occasions for RRM reported from UE side should be satisfied.
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
· The dynamic indication 
· FFS how to define the applicable delay 
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· The semi-static indication should satisfy the demands on gap/restriction occasions for RRM reported from UE side 
· Alt. 5: Rule-based solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements, for example
· When configured DL and/or UL transmissions associated with high priority overlap with a gap/restriction occasion that is caused by RRM measurements, UE performs DL and/or UL transmission within in the gap/restriction occasion
· When L3 measurement report(s) or L1 CSI report(s) shows the UE is in good channel condition(s) with respect to serving cell(s) during a time period, the gap/restriction gap(s) that is caused by RRM measurements within the time period are skipped for Tx/Rx
· When BSR/SR is reported to gNB, the follow-up gap/restriction gap(s) that is caused by RRM measurements is skipped for Tx/Rx.
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