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1. [bookmark: _Ref87036880]Introduction
In this contribution, we discuss and provide views on enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements.
2. Potential mechanism to alleviate scheduling restrictions
In the RAN1#116-bis, followings were agreed for XR traffic during RRM measurements[1]:
	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.





In the previous meeting, it was assumed that the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements should be agnostic to the type of MG. However, depending on the type, an MG can be either periodic or aperiodic, and in such cases, the desired UE behavior may differ. Therefore, it may be necessary to support one or more solutions in order to cover both periodic and aperiodic gaps/restrictions. 
Proposal 1: Consider to support one or more solutions for both periodic and aperiodic gaps/restrictions

In the previous meeting, we down-selected possible solutions for enabling Tx/Rx in measurement gaps/restriction, at least by network signaling as follows:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
Alt. 1 can be further divided into two sub-categories: scheduling-perspective DCI and gap-perspective DCI/MAC-CE. In the scheduling-perspective DCI approach, the network indicates whether Tx/Rx is allowed in gaps/restrictions for the PDSCH/PUSCH scheduled by the DCI. In this approach, the network can make decisions on a per-scheduling basis. For example, the scheduling DCI has a new field to indicate whether Tx/Rx is allowed in gaps/restrictions. Otherwise, dynamic scheduling in gaps/restrictions can be treated as an indication itself. 
On the other hand, the gap-perspective DCI/MAC-CE approach indicates whether Tx/Rx is allowed for PDSCH/PUSCH overlapping with gaps/restrictions (s) associated with the DCI. In this case, gaps/restrictions need to be indicated via DCI. The gap-perspective DCI can be conveyed as group-common signaling, to further reduce the overhead. In this case, the network can broadcast the DCI to a group of UEs, indicating the gaps/restrictions for which Tx/Rx is allowed for all UEs in the group. Alternatively, the existing scheduling DCI (DCI format 1_x, 0_x) can be re-used. In this case, certain code points of DCI fields can be introduced to distinguish it from normal PDSCH/PUSCH scheduling. For example, invalid FDRA and RV/NDI combinations can indicate the DCI format as the gap-perspective DCI, allowing the TDRA information to determine where the gap/restriction(s) need to be cancelled/skipped.

To make this approach agnostic to different gaps/restrictions, a shared gaps/restrictions index can be introduced. The network can define a set of gaps/restrictions and assign an index to each one. The gap-perspective DCI/MAC-CE can then include the index of the gaps/restrictions for which Tx/Rx is allowed (for example, assigning an index to each of multiple MG configurations in advance by RRC, the DCI can indicate an index of MG configuration and the MG occasion(s) where Tx/Rx is allowed for the indicated MG configuration). 
If the existing DCI format is re-used, additional DCI fields can be introduced to indicate the index of gap/restriction and/or the range of the cancellation/skipping of the gap/restriction. 
Proposal 2: Support Alt. 1 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
· For Alt. 1, consider the scheduling-perspective DCI and gap-perspective DCI/MAC-CE approaches as potential solutions. 
· The scheduling-perspective DCI can indicate to allow Tx/Rx in gaps/restrictions by scheduling DL/UL resource to be overlapped with the gaps/restrictions.
· FFS whether to introduce a new DCI field for this indication.
· The gap-perspective DCI/MAC-CE can indicate an index of gaps/restrictions configuration (where index for each of configuration can be preconfigured by RRC) and the time duration(s) where Tx/Rx is allowed for the indicated gaps/restrictions configuration.
· Group-common signaling can be considered for this indication.
The gap-perspective DCI can be delivered through a new DCI format, and in this case, the dedicated search space can be configured for the DCI format. For example, the gap-perspective DCI can be conveyed via group-common DCI. This DCI format only needs to be monitored when there is an upcoming gap/restriction. Therefore, it seems reasonable that the PDCCH monitoring occasion (MO) configured with this search space is monitored only when there is an upcoming gap/restriction. 
Proposal 3: For Alt. 1, a new DCI format can be introduced.
· The searchspace for the DCI format is required to be monitored only when there is an upcoming gap/restriction that are caused by RRM measurements.

Considering Alt. 2, it may not be beneficial for XR traffics. If at least one of gap and traffic is aperiodic, Alt. 1 is more suitable for the case. Otherwise, for example, the traffic is periodic, we see the Alt. 3 seems to have more benefit than Alt. 2. Also, the semi-static approaches can be emulated by Alt. 1 with explicit indication and gap index. 
Proposal 4: Deprioritize Alt. 2 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements

Alt. 3 may involve configuring the behavior for each gap/restriction that can be configured by RRC. While this approach is simple and does not require frequent signaling, it may not be sufficiently flexible to adapt to varying traffic conditions. Therefore, we believe that Alt. 3 is also suitable as a supplementary mechanism to other alternatives.
When considering various gaps and traffic types, the required patterns/ time-window for Alt. 3-1 and Alt. 3-2 can be highly complex. Therefore, instead of deriving and configuring these patterns with Alt. 3-1 and 3-2, an approach like Alt. 3-3 and Alt. 3-4, which defines the interaction between each gap and traffic, may be preferable. This approach can provide a simple and predetermined behavior that is fully agnostic to different gaps/restrictions caused by RRM measurements. Especially when the traffic is periodic, appropriate UE behavior can be achieved by utilizing SPS/CG configurations and PHY priorities that indicate importance of the traffic though the configuration. 
Furthermore, in Alt. 3-4 like approaches, the priorities can be introduced and carefully configured to prioritize critical traffic and ensure that the impact on the UE's measurement performance is minimal. Therefore, we propose Alt. 3-3/3-4 as the secondary solution for enabling Tx/Rx in gaps/restrictions caused by RRM measurements, along with Alt. 1. Further discussions on additional rules and configuration methods will be necessary. 
Proposal 5: Support Alt. 3-3 or 3-4 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
· Deprioritize Alt. 3-1 / 3-2 like approaches, which requires to configure pattern/time window to enable TX/RX
· Introduce a new RRC parameter to indicate where the cancellation/skipping is applied. 

3. Partial Cancellation or Skipping of Gaps/Restrictions
In the previous meeting, the UE behavior was agreed upon when the gaps/restrictions caused by RRM measurements are fully cancelled. However, “the full canceling” in the current agreement seems the changes the UE behavior for all slots spanned by the gap, even though the prioritized scheduling may exist only within a single slot. Since gaps typically span multiple slots, such UE behavior is not desirable.
Considering the specification effort and the possibility of RRM measurement in remaining slots, it may be beneficial to consider partial cancellation or skipping of gaps/restrictions at least in the slot level. This approach would allow for more granular control over the UE behavior, enabling it to receive or transmit in specific slots within the gap duration. Further discussions are necessary to determine the feasibility and specific mechanisms for supporting partial cancellation or skipping of gaps/restrictions at the slot level. 
Proposal 6: Support slot-level cancelling/skipping gaps/restrictions that are caused by RRM measurements to enable Tx/Rx

4. UE-assist information for enabling Tx/Rx in gaps/restrictions 
In the RAN1#116-bis, followings were agreed for the discussion of UE assistance information for enabling Tx/Rx in gaps/restrictions [1]:
	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 RAN1#116-bis, there was the above agreement to further discuss the necessity and details of introducing new UE assistance information for solutions enabling Tx/Rx in gaps/restrictions caused by RRM measurements. Several potential UE assistance information types were listed for consideration, related to measurement occasions, channel conditions, traffic, and UE mobility.
The main idea of UE assistance information is to inform the gNB about the UE's actual RRM measurement occasion. By doing this, the gNB can carefully indicate the cancellation/skipping of gaps/restrictions while minimizing side effects and protecting the minimum RRM measurement occasions of the UE. However, some of the proposed methods may not be sufficient for the gNB to accurately predict the UE's RRM behavior. Instead, the gNB can expect whether the UE needs RRM measurements through existing information provided by the UE, such as RSRP/RSRQ and BSR. Given these existing capabilities, the necessity of introducing additional UE assistance information is questionable.
Even if the UE directly informs the gNB about its measurement occasions, the effects may be unclear because the gNB's behavior upon receiving this information is not mandated. As a result, the specification details and UE testing procedures are also unclear. This lack of clarity raises concerns about the feasibility and practicality of implementing new UE assistance information.
Based on the concerns regarding the necessity, performance benefits, and specification challenges of introducing new UE assistance information for enabling Tx/Rx in gaps/restrictions, we propose not to support the introduction of such information.
Furthermore, such UE assistance information can be better discussed in RAN2, along with higher-layer information such as PSI (PDU Set Importance). We believe that RAN1 may not be the most appropriate group to discuss this topic and suggest de-prioritizing the discussion within RAN1.
Proposal 7: Do not introduce new UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions, at least from the RAN1 perspective 

Conclusion
In this contribution, we discussed and provided our views on the potential capacity enhancement techniques for Rel-19 XR, and the followings are proposed:
Proposal 1: Consider to support one or more solutions for both periodic and aperiodic gaps/restrictions
Proposal 2: Support Alt. 1 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
· For Alt. 1, consider the scheduling-perspective DCI and gap-perspective DCI/MAC-CE approaches as potential solutions. 
· The scheduling-perspective DCI can indicate to allow Tx/Rx in gaps/restrictions by scheduling DL/UL resource to be overlapped with the gaps/restrictions.
· FFS whether to introduce a new DCI field for this indication.
· The gap-perspective DCI/MAC-CE can indicate an index of gaps/restrictions configuration (where index for each of configuration can be preconfigured by RRC) and the time duration(s) where Tx/Rx is allowed for the indicated gaps/restrictions configuration.
· Group-common signaling can be considered for this indication.
Proposal 3: For Alt. 1, a new DCI format can be introduced.
· The searchspace for the DCI format is required to be monitored only when there is an upcoming gap/restriction that are caused by RRM measurements.
Proposal 4: Deprioritize Alt. 2 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
Proposal 5: Support Alt. 3-3 or 3-4 for the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
· Deprioritize Alt. 3-1 / 3-2 like approaches, which requires to configure pattern/time window to enable TX/RX
· Introduce a new RRC parameter to indicate where the cancellation/skipping is applied. 
Proposal 6: Support slot-level cancelling/skipping gaps/restrictions that are caused by RRM measurements to enable Tx/Rx
Proposal 7: Do not introduce new UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions, at least from the RAN1 perspective 
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