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Introduction
After RAN#103, the revised WID for Rel-19 XR states the following objective for enabling TX/RX for XR during RRM measurements [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]



During RAN1-116bis, the following agreements were made [2]: 
	Agreement (amended as shown in red in Wednesday session)
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
· 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: details
· 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: details

Agreement
Confirm the working assumption from RAN1 #116 with updates:
· 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.
· It is up to RAN4 to discuss which type of gaps/restrictions caused by RRM measurements can be cancelled/skipped
· Note: UE features related to the developed solution(s) is a separate discussion
Agreement (further revised in Friday and amended as shown below) 
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. The following UE assistance information is considered for further study:
· FFS: UE assistance information related to measurement occasions; 
· FFS: UE assistance information related to channel conditions; 
· FFS: UE assistance information related to traffic.
· FFS: UE assistance information related to UE mobility.
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 in RAN1#117 on the support of UE assistance information.
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.
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 this contribution we continue discussions on enhancements to enable transmission/reception in gaps/restrictions caused by inter-frequency and intra-frequency measurements.
Discussion on relaxing scheduling restrictions
The typical characteristics of XR DL and UL packet traffic is periodic and bursty with a short packet delay budget and not so small packet size. During the R18 XR study phase, it was shown that relaxing the RRM measurement requirements can improve XR system capacity. As shown in Figure 1, when the XR packet arrival timing overlaps with RRM measurement occasions, the XR transmission/reception will be impacted and therefore causing reduced system capacity. 
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Figure 1 Periodic XR traffic overlapping with RRM measurement occasions diminishes system capacity

Although it is beneficial for system capacity to relax RRM measurements for the sake of XR service, it is also crucial to highlight that taking accurate RRM measurements is also important in terms of UE mobility performance. Any enhancements introduced to relax scheduling restrictions should be limited to the cases where XR transmission/reception would be impacted while any impact on scheduling other non-XR services do not need to be optimized.
Proposal 1: Enhancements to relax scheduling restrictions shall be used/activated only when the scheduling restriction is imposed on the XR high-priority packet transmission/reception.
0. Types of solutions based on UE triggering
Possible types of solutions were discussed in RAN1-116 and at least solutions based on triggering/enabling by network signalling (i.e., network-controlled solutions) were agreed to be considered while other types of solutions are FFS. 
From the perspective of XR traffic arrival characteristics, network-controlled solutions can dynamically manage scheduling grants and therefore more equipped to determine when to skip a corresponding measurement occasion when a potential overlapping is foreseen between XR traffic arrival and a set of configured measurement occasions. In our understanding, solutions based on network triggering/enabling should be the baseline mechanism. 
However, XR traffic performance cannot always be prioritized over RRM measurements as the XR UE still needs to satisfy measurement requirements. Otherwise, XR performance could be impacted more drastically, e.g., if UE experiences a connection failure to serving cell due to mobility issues. From the perspective of fulfilling RRM measurement requirements, UE is typically more equipped to determine how often a measurement occasion can be skipped (or which of the measurement occasions can be skipped). 
Observation 1: Network-controlled solutions are suitable from the perspective of XR traffic arrival characteristics while UE-triggering based solutions are suitable from the perspective of satisfying measurement requirements.
As an example, UE may be configured with a mobility event (e.g., event-A2), where UE is expected to trigger a neighbour cell measurement report when the serving cell RS measurement is below a pre-defined threshold. UE does not need to take neighbour cell measurements unless such measurement reporting is triggered by serving cell measurements. If UE could indicate to the network that it does not need to take neighbour cell measurements and therefore the following measurement occasion(s) shall be skipped, the network could utilize the overlapping t/f resources for XR packet scheduling. Network cannot deduce the availability (or, lack of availability) of these t/f resources by checking whether UE has sent the associated measurement report. Obviously, such measurement reports would be expected by the network at a later time after the measurement occasions. 
Proposal 2: Consider UE-triggering based solutions for measurement occasion skipping. At least, UE triggering solutions should be considered based on measurement report triggering on the condition that serving cell measurements are below or above a threshold (e.g., event-A2).
UE assistance information for network-controlled solutions
Regarding the solutions triggered/enabled by network control, it may be useful to have some UE indication to assist the network to determine which RRM occasions can be skipped. As discussed in the previous section, UE needs to satisfy measurement requirements by taking measurements on sufficient number of occasions with good accuracy. As this cannot be estimated by the network, some guidance via UE indication can help gNB to signal the suitable measurement occasion(s) for skipping with smaller impact on RRM while improving XR capacity performance. 
One example to realize this is by UE indication to the network to inform the (sub-)set of skippable measurement occasions. Such signalling could be conveyed semi-statically, e.g., MAC-CE signalling or dynamically, e.g., UCI indication. Then, network can be informed which measurement occasions can be skipped for this UE by indicating each measurement occasions as either “not skippable” or “skippable”. A later DCI signalling can instruct UE to skip one of the “skippable” measurement occasions. See Figure-2 below. Different alternative types of UE indication could also be considered. 
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Figure 2 An example UE indication to assist network-controlled triggering solutions.
We propose to consider UE indication for network-controlled triggering solutions. 
Proposal 3: Support UE indication to assist the network in determining the set of measurement occasions where skipping is feasible or acceptable.
0. Partial skipping of RRM measurement occasions
In RAN1-116, full skipping of measurement occasions was agreed as baseline. Whether partial skipping is also supported is to be determined. 
One way to interpret partial skipping would be modifying measurement occasion length. For example, if a measurement gap configuration uses 5ms gap length, some signalling to modify the gap length property as 2.5ms could be considered partial skipping. One simple way to realize this today by the network signalling could be providing UE with a new measurement gap configuration by RRC. Since XR traffic is typically periodic, some RRC or MAC-CE based enhancements could be considered to support different measurement occasion length for the same measurement gap configuration. For example, one could consider the time mask mechanism (discussed in the next section), as illustrated in Figure 3. In the illustrated example in Figure 3, the time mask pattern could potentially partially include/exclude an occasion of a measurement gap. If partial skipping is supported, UE would be expected to transmit/receive XR packet on one part of the gap occasion (i.e., the part included by the time mask), but not on the rest of this specific gap occasion (i.e., the part excluded by the time mask). 
In a practical sense, a more dynamic type of partial skipping mechanism could also be considered for XR, e.g., via MAC-CE or DCI signalling, with the motivation to support faster partial skipping indication due to traffic jitter. In this case, the signalling design of the indication may need to be different from the full skipping case. For example, each bit of a bitmap field in DCI may be mapped to one measurement occasion for full skipping while each bit may have to be mapped to each symbol or slot for partial skipping. Another relevant consideration with regards to the differences between full skipping and partial skipping is the possible implication on network and UE processing timeline. 
In summary, in our understanding, the decision on whether to support partial skipping or not should take into account the details of the baseline solution, which is full skipping. Specifically, some progress is needed on the supported type(s) of signalling and indication design details for full skipping firstly. After some progress is achieved on full skipping as the baseline solution, partial skipping can be discussed. 
Based on the discussion above, we propose the following: 
Proposal 4: Whether partial skipping is supported or not should be discussed at a later stage after some progress is achieved on full skipping as the baseline solution. 
0. Network-controlled solutions to enable Tx/Rx
After RAN1-116bis, three alternative options are considered for network-controlled solutions as follows: 
· Alt-1: Dynamic indication
· Alt-2: Semi-persistent solution
· Alt-3: Semi-static solution
Skipping one or more measurement occasion(s) can be realized by network-controlled solutions via setting a higher priority for the transmission/reception of XR traffic. For example, if UE identifies a measurement occasion that overlaps with a transmission or reception dynamic grant carrying a “skipping” indication, UE can prioritize the data traffic over RRM measurement. 
Observation 2: Dynamic indication to enable Tx/Rx is useful when network uses dynamic UL/DL grants to schedule XR packets.
Although dynamic indication of measurement occasion skipping approach would work well for dynamic scheduling grants (either UL or DL), the configured UL grants (or DL SPS) may not work well as the gNB (or UE) at the reception end may not know whether there is incoming data transmission. So, gNB may have to monitor the UL configured grant resources on all MG occasions and UE may have to skip all MG occasions overlapping with DL SPS resources even if no XR packet is transmitted. This would be less than optimal.
To support measurement occasion skipping with DL SPS and UL CG, another approach could be based on a separate dynamic indication that is different from a scheduling DCI. However, signalling efficiency of such dynamic indication would be too high, especially given the fact that both XR traffic has a periodic characteristic and RRM measurement occasions are configured periodically at the UE. It is for that reason that a semi-persistent indication should be considered for measurement occasion skipping in addition to dynamic indication. Semi-persistent indication is preferred over semi-static indication as a new UL CG and DL SPS configuration can be activated by the network via dynamic DCI signalling in case of varying channel conditions. Hence, faster adjustments to such semi-persistent indication configuration should be preferable. 
We propose to consider dynamic indication and semi-persistent indication for network-controlled solutions.
Proposal 5: Support both semi-persistent solution (Alt-2) and dynamic indication (Alt-1) for network-controlled mechanism. 
Semi-persistent solution
It can be observed that both XR traffic and RRM measurement occasions are based on a certain periodicity. For example, XR traffic @ 60 fps is expected at every 16.67ms while the periodicity of measurement occasions can be 20ms, 40ms, …, 160ms. Since the periodicity values are not likely to be integer multiples of each other, the overlapping in time will be sporadic and repetitive. How frequently the overlapping occurs also depends on the exact periodicity values or configurations. 
Ideally a mechanism to relax scheduling restrictions for XR traffic should satisfy the following requirements:
· Be applicable to XR traffic only, i.e., no relaxation is needed to legacy scheduling restrictions for other non-XR transmissions/reception (unless there is overlapping XR transmission/reception)
· Be applicable for any possible XR periodicity value and any possible measurement pattern in time. E.g., if a measurement occasion and XR transmission/reception is expected to overlap only partially, the measurement occasion can still be used outside of the overlapping instance in time. 
Based on this, an additional time mask configuration can be considered to set a higher priority for XR traffic over RRM measurements. When applied, any time instance (e.g., slot or duration/length) included in the time-domain mask would set a higher priority for XR transmission/reception. Moreover, any time instance outside of the time-domain mask would prioritize RRM measurements. As such time mask can be configured at the UE by the network, the expected UE behaviour at any time instance will be non-ambiguous at the gNB. 
As illustrated in Figure 3, a time mask can be used to set higher priority for XR transmission/reception. On time instances that are inside the mask (i.e., the first three XR “transmission” occasions in Figure 3), the scheduling restrictions are removed and no RRM measurements are expected on the overlapped occasions (i.e., the first three measurement occasions are “skipped” in Figure 3). On time instances that are outside of the mask, the legacy scheduling restrictions apply and RRM measurements can be performed as no overlapping is expected with XR transmissions/receptions. As can be seen, the time-domain mask can be configured (depending on network preference) with larger mask length than the expected duration of each XR transmission/reception to allow extra time for any jitter. 
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Figure 3 Time-domain mask configuration can relax scheduling restrictions on time instances where XR traffic is expected to be transmitted/received.
We propose that a time mask/pattern configuration is provided by the network to indicate the (sub-)set of skipped measurement occasions based on either MAC-CE signalling (i.e., Alt 2-3) or RRC signalling (i.e., Alt 3-1).
Proposal 6: For semi-persistent solution, support Alt 2-3. Consider a time-domain pattern configuration to set higher priority for XR transmission/reception on the occasions indicated by the pattern and to allow RRM measurements on other occasions not indicated by the pattern. 
Proposal 7: For semi-static solution, support Alt 3-1. Consider a time-domain pattern configuration to set higher priority for XR transmission/reception on the occasions indicated by the pattern and to allow RRM measurements on other occasions not indicated by the pattern. 

2. Dynamic indication
As discussed above, dynamic indication can be more suitable when XR traffic is conveyed via dynamic DL/UL scheduling grants. A dynamic indication can be based on the same DCI scheduling grant. As an example, a DCI bitfield may indicate whether the next one or more measurement occasions shall be skipped or not. Such dynamic indication can be used on top of the semi-persistent solution to support more dynamic skipping indication. 
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We propose that dynamic indication based on the DCI scheduling grant which can explicitly indicate UE to skip one or more measurement occasions.
Proposal 8: For dynamic indication, support Alt 1-1. Consider a new bitfield in the DCI dynamic scheduling grant to indicate whether one or more of the following measurement occasions are skipped. 
Related to DCI indication-based solutions, there were discussions on UE timeline and possibly defining a minimum processing time. We have the similar view that it would be necessary if DCI-based indication is supported. Regarding the minimum processing time value(s), in our view it should be reported by UE as a capability. Since RRM measurements are highly related to UE implementation, it’s best to leave the possible values of processing time as part of UE capability reporting. 
Proposal 9: If DCI-based dynamic indication is supported, the related discussion on minimum processing time value(s) shall be held as part of UE features discussion. 
Conclusions
We have the following observations:
Observation 1: Network-controlled solutions are suitable from the perspective of XR traffic arrival characteristics while UE-triggering based solutions are suitable from the perspective of satisfying measurement requirements.
Observation 2: Dynamic indication to enable Tx/Rx is useful when network uses dynamic UL/DL grants to schedule XR packets.
We have the following proposals:
Proposal 1: Enhancements to relax scheduling restrictions shall be used/activated only when the scheduling restriction is imposed on the XR high-priority packet transmission/reception.
Proposal 2: Consider UE-triggering based solutions for measurement occasion skipping. At least, UE triggering solutions should be considered based on measurement report triggering on the condition that serving cell measurements are below or above a threshold (e.g., event-A2).
Proposal 3: Support UE indication to assist the network in determining the set of measurement occasions where skipping is feasible or acceptable.
Proposal 4: Whether partial skipping is supported or not should be discussed at a later stage after some progress is achieved on full skipping as the baseline solution. 
Proposal 5: Support both semi-persistent solution (Alt-2) and dynamic indication (Alt-1) for network-controlled mechanism. 
Proposal 6: For semi-persistent solution, support Alt 2-3. Consider a time-domain pattern configuration to set higher priority for XR transmission/reception on the occasions indicated by the pattern and to allow RRM measurements on other occasions not indicated by the pattern. 
Proposal 7: For semi-static solution, support Alt 3-1. Consider a time-domain pattern configuration to set higher priority for XR transmission/reception on the occasions indicated by the pattern and to allow RRM measurements on other occasions not indicated by the pattern. 
Proposal 8: For dynamic indication, support Alt 1-1. Consider a new bitfield in the DCI dynamic scheduling grant to indicate whether one or more of the following measurement occasions are skipped. 
Proposal 9: If DCI-based dynamic indication is supported, the related discussion on minimum processing time value(s) shall be held as part of UE features discussion. 
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