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1 Introduction
For RAN Rel-19, a new WID has been approved in RAN#102 with the following area: multi-modality, enhancements to enable transmission/reception in gaps/restrictions caused by RRM measurements, enhancements for scheduling, user plane enhancements and so on. The RAN1 lead objective in Rel-19 XR phy3 objectives is as follows:
	(Copied from RP-234057 [1])
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objective that RAN1 lead in Rel-19 XR ph3 objectives is as follows:
· 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 this contribution, we provide our views on solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, including dynamic indication, semi-persistent solution, semi-static solution, dynamic solution to adapt/change gap/SMTC configuration and rule-based solution. 
2 Discussions
Solutions to enable Tx/Rx for XR during RRM measurements 
According to the agreements in RAN1 #116 meeting, solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements are agreed [2]. It means that the gNB makes the final decision about the cancellation or skip of RRM measurements that caused scheduling restrictions. The details of solutions in the agreements and their pros and cons will be discussed in the following subsections. 
[bookmark: _Ref162022429]UE assistance information
In the last RAN1 meeting, the agreement about whether or not/how to introduce UE assistance information/indication is proposed as follows.
	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



For network signaling triggered/enabled solutions to enable Tx/Rx in gaps/restrictions, it is beneficial for UE to report assistance information to gNB, which can help gNB to make more accurate decision. For example, gNB may not know the UL traffic load and the remaining packet delay and so on. UE can report assistance information periodically to gNB, which may contain a bitmap to indicate whether the subsequent gap(s)/restriction(s) can be skipped or not, or may contain the number of consecutive RRM measurements to skip. 
[image: ]
Figure 1. Illustration of UE assistance information on whether the subsequent gap(s)/restriction(s) can be skipped or not 
This preference from UE side can be sent to gNB. With the help of UE assistance information, the gNB can be aware of which RRM measurements is expected to skip from UE side and a better decision to enable Tx/Rx in gaps/restrictions can be made from gNB side. 
[bookmark: _Ref162877896]Proposal 1: UE reports assistance information periodically to gNB, and the assistance information contains a bitmap to indicate which of the subsequent gap(s)/restriction(s) can be skipped or not, or contains a number of consecutive RRM measurements to skip.
[bookmark: _Ref162371392]RRM measurements cancellation/skipping
In the last RAN1 meeting, 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 is proposed for further study.
	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



SSB symbols are sent in a beam sweeping way, i.e., gNB sends SSB symbols in one beam direction at a moment and changes the direction in different beams. If the RRM measurements are cancelled/skipped partially, maybe no SSB symbols are sent at UE’s direction and UE cannot measure SSB symbols in the remaining time of measurement gaps. Thus, partially skipping/cancelling may cause problems in terms of RRM measurements. Moreover, additional RF tuning time might be introduced and cause additional workload. 
[bookmark: _Ref162877780]Proposal 2: Do not support the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially .
[bookmark: _Ref162527508]Analysis of potential alternatives or combinations
In the last RAN1 meeting, solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements are categorized into five alternatives as follows.
	Proposal 2.6-2:
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.




· Alt.1: Dynamic indication:
A straightforward solution to relax the scheduling restrictions caused by RRM measurements is introducing a dynamic signalling to cancel scheduling restrictions and enable UE to transmit/receive on the gaps/restricted symbols. 
gNB can send a DCI indicating a time window and the RRM measurements within this time window are cancelled/skipped to enable TX/RX in gaps/restrictions that are caused by RRM measurements. An example of skipping the measurement gaps within a time window through DCI is shown as  Figure 2. The time window contains two RRM measurements and a DCI indicates to skip these two RRM measurements. Time window size can be RRC configured and can be updated based on UE assistance information, which is periodically reported to gNB. Such kind of design can reduce signalling overhead compared with the solution that DCI indicates each RRM measurement separately.
[image: ]
[bookmark: _Ref158051273]Figure 2. Illustration of cancelling/skipping the measurement gaps within a time window through dynamic signaling 
· Alt. 3 and Alt. 5: Semi-static solution and rule-based solution:
Rule-based solution and semi-static solution can be combined and have the benefits of small signalling overhead. The following two methods can be considered and worth further study.
Overlapping ratio-based method: As shown in Figure 3, for each frame, available delivery time is equal to PDB (yellow box in Figure 3). The overlap between XR frame available delivery time and the duration of RRM measurements is marked as blue box in Figure 3. The higher the overlapping ratio, the greater impact on XR traffic. Then, if the overlapping ratio is larger than an RRC configured threshold, the RRM measurements can be cancelled and UE can transmit PUCCH/PUSCH and receive PDCCH/PDSCH during the gaps or on the restricted symbols. Otherwise, the RRM measurements are performed. gNB can configure a proper threshold based on historical XR frames delivery time.
[image: ]
Figure 3. Example of cancelling the measurement gaps based on overlapping ratio 
Priority-based method: Priority of data and RRM measurements can be RRC configured to reflect the importance. If the priority of RRM measurements is lower than the priority of data, RRM measurements are cancelled. Otherwise, the RRM measurements are executed.
· Alt. 2: Semi-persistent solution:
In semi-persistent solution, a command is sent to de-activate gaps/restrictions and the deactivation is valid until a new re-active command is received. The motivation of such semi-persistent behaviour is not clear to us.
· Alt. 4: Dynamic solution to adapt/change gap/SMTC configuration: 
Another alternative to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements is adapting/changing gap/SMTC configuration dynamically, for example adapting/changing the length of MG/SMTC, MG/SMTC periodicity and so on. Such solutions seem complicated, e.g., how to consider UE preparation time for measurement, etc.
Based on the analysis above, we think solutions of DCI indicating a time window, overlapping ratio-based method and priority-based method to skip RRM measurements are worth further study. RAN1 can continue study on such solutions and hopefully can reach a unified design in the end. Here, we propose:
[bookmark: _Ref162877801]Proposal 3: RAN1 further studies following solutions:  
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements, where 
· gNB sends DCI to indicate a time window, and the RRM measurements within this time window are cancelled/skipped.
· Combination of Alt. 3 and Alt.5, i.e., combination of semi-static and rule-based solution enable TX/RX in gaps/restrictions that are caused by RRM measurements, where the following two methods can be further considered:
· Overlapping ratio-based method: If the overlapping ratio between XR frame available delivery time and the duration of RRM measurements is larger than an RRC configured threshold, the RRM measurements can be cancelled .
· Priority-based method: Priority of data and RRM measurements are RRC configured. If the priority of RRM measurements is lower than the priority of data, RRM measurements are cancelled.
3 Conclusions
In this contribution, we analyze the pros and cons of different solutions to relax the scheduling restrictions and propose some detailed designs. The following proposals are given:
Proposal 1: UE reports assistance information periodically to gNB, and the assistance information contains a bitmap to indicate which of the subsequent gap(s)/restriction(s) can be skipped or not, or contains a number of consecutive RRM measurements to skip.
Proposal 2: Do not support the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially .
Proposal 3: RAN1 further studies following solutions:  
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements, where 
· gNB sends DCI to indicate a time window, and the RRM measurements within this time window are cancelled/skipped.
· Combination of Alt. 3 and Alt.5, i.e., combination of semi-static and rule-based solution enable TX/RX in gaps/restrictions that are caused by RRM measurements, where the following two methods can be further considered:
· Overlapping ratio-based method: If the overlapping ratio between XR frame available delivery time and the duration of RRM measurements is larger than an RRC configured threshold, the RRM measurements can be cancelled .
· Priority-based method: Priority of data and RRM measurements are RRC configured. If the priority of RRM measurements is lower than the priority of data, RRM measurements are cancelled.
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