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Introduction
In this contribution we present our view on mechanisms to overcome the problem of harmful scheduling restrictions for XR services caused by RRM measurements as agreed for the Release 19 WID on XR [NR_XR_Ph3] in RP-240791 [1]. The contribution mainly addresses three alternatives related to solutions triggered/enabled by network signalling agreed to be further considered for down-selection: 
	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




When addressing those three alternatives, we also discuss the timing aspects and signalling overhead implications. Aspects of UE assistance information are also discussed, before concluding the contribution.

Solutions based on network signalling
Alt 1: Dynamic indication
	· 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.



Given the XR traffic characteristics with time-domain jittering in downlink, and typical settings of configured measurement gap and SMTC windows every 40 ms/80ms, it is hard to accurately predict in advance if a forth coming measurement gap/restriction appearing in more than 40 ms into the future will cause potential problems for proper scheduling of an XR user to fulfil its DL QoS metrics. For the UL direction without any time-domain jitter of the XR traffic, it could be easier for the gNB to predict if a future gap/restriction appearing e.g. 40 ms or 80 ms into the future will cause problems for UL scheduling of XR. But, given the typical XR frame rates of 60 fps and 90fps, those do not match the SMTC occurrences of e.g. 40 ms, and hence there is little chance of multiple consecutive SMTC windows colliding with UL XR traffic. This leads to the following observations:
Observation 1: For DL XR traffic with time-domain jitter, it is hard to predict if a future gap/restriction appearing in 40ms or 80ms will cause problems for scheduling the XR payload.  
Observation 2: For UL XR traffic without time-domain jitter, it is easy to predict if a future SMTC window appearing in e.g. 40ms or 80ms will cause problems for scheduling the UL XR payload, but still low probability of multiple consecutive SMTC windows colliding with UL XR traffic due to misalignment of SMTC windows and XR frame arrivals.
Given these observations, it appears that Alt 1 based approach is sufficient to solve the problem for the DL XR cases by using the dynamic DCI to only cancel the next upcoming gap/restriction if that is identified by the gNB scheduler to cause problems for fulfilling the XR users QoS requirements. Accounting that the scheduling is expected to be also periodic for XR traffic, it would not appear necessary to be able to indicate cancellation of multiple gaps/restrictions. Similarly, as per Observation #2 for the UL XR traffic cases, it also seems enough to support Alt 1-1, while Alt 1-2 might not be needed since it is sufficient to indicate cancelation per gap/restriction only. This leads to the following proposals. 
Proposal 1: We recommend prioritizing Alt 1-1 with explicit DCI-based indication to skip a single upcoming measurement occasion i.e. measurement gap or restriction. 
Proposal 2: We recommend to de-prioritize Alt 1-2 with DCI to explicitly indicate a time window where to skip a particular gap(s)/restriction(s) as indication for multiple gap/restrictions is not needed.
Related to Alt 1-3, most cases with DL scheduling of XR traffic happens with the DCI scheduling grant and the XR payload transmission (on PDSCH) occurring in the same slot. For such cases, Alt 1-3 is not very practical. Alt 1-3 only has some meaning for cases where the time between the DCI scheduling grant and the payload transmission (on PDSCH or PUSCH) is separated in time by multiple slots. However, even for UL scheduling, the DCI scheduling grant is typically sent in the last DL slot between switching to UL slot(s), and hence there may likely be too little time to react on the implicit indication of SMTC window cancellation. Furthermore, for both DL and UL, the UE timeline would impose requirement to schedule a packet well in advance (i.e. K0>>1) to accommodate it. This can hinder scheduling e.g. for a given HARQ process. 
Figure 1 and Figure 2 illustrate the “Explicit DCI indication” (Alt 1-1) and the “Implicit DCI indication” (Alt 1-3) skipping policies. In the figures,  is the beginning of the MG and we assume for the sake of explanation that two transport blocks (TBs) need to be scheduled to carry the whole XR frame. We observe that the communication of skipping and scheduling decisions can be decoupled using the “Explicit DCI indication scheme”. This flexibility proves essential in the presence of the UE timeline constraint. For example, Alt 1-1 in Figure 1 can use the first DCI command to indicate the skipping of the next measurement occasion to leave room for scheduling of the transmission of the second TB. In contrast, Alt 1-3 requires delaying scheduling of the first TB to be sure that the measurement gap is skipped by the UE. This can be partially mitigated with multi-slot scheduling introduced in Rel-17, but the network (in DL) or the UE (in UL) need to be sure that no further data is expected when making the skipping decision. In the most likely scenario when XR frames get fragmented and the fragments enter the buffer at different instants, the decision on whether to skip the next measurement occasion becomes uncertain as the network may not have the time to wait until the last fragment to make the skipping decision. We therefore consider Alt 1-1 as being sufficient, and while Alt 1-3 could omit the need for changing scheduling DCI related format, it would be very marginal benefit with respect to the increased latency.
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Figure 1 – Explicit DCI indication (Alt 1-1). Skipping is triggered by an explicit “skip indication” in the DCI format. Note that DCI transmission may be delayed with respect to the frame entering the scheduling queue due to scheduling delay, queuing, cell load, U slot, etc.
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Figure 2 – Implicit DCI indication (Alt 1-3). Skipping is triggered by scheduling data transmission during the measurement occasion. Observe how the data transmission gets delayed due to the UE timeline constraint T1. When scheduling and skipping decision are coupled the network is forced to delay the transmission of the data to let the UE understand that the next measurement occasion must be skipped.

Proposal 3: We recommend to de-prioritize Alt 1-3 with implicit DCI indication of measurement gap skipping when scheduling a transmission/reception overlapping with a measurement gap. 
On the details of the Alt 1-1 DCI based solution, we next provide our view on the following FFSs:
· 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.

In our view, the DCI for measurement gap skipping should be based on a UE specific DCI, and not a group common solution. This would align with the UE specific traffic pattern as the XR traffic arrival is not synchronized between UEs. While both (non-fallback) scheduling DCI based indication and non-scheduling DCI introduction can be considered, we think that enabling to indicate the skipping without requiring DL/UL scheduling should be given priority. This would enable early indication respecting the UE timeline for the skipping. The non-scheduling DCI for SMTC/measurement gap skipping could, as an example, be designed similarly as DCI format 2_4 (for UL transmission cancellation), with modifications to indicate cancellation of the next SMTC window. Alternatively, identifying special formulation of DCI format 1_1 so that indication can be done without grant (as done for Scell dormancy). We addressed the processing time of the DCI for SMTC measurement gap cancellation in R1-2403286, and suggest that it could equal the processing times of DCI format 2_4. In summary this leads to the following proposal:
Proposal 4: Introduce a method to trigger cancellation of a single upcoming measurement gap/restriction without scheduling a DL/UL grant. The design of the format can be based on format 2_4, including similar requirements for UE processing times or be an extension/modification of existing DCI format (x_1, x_2).

Alt. 2: Semi-persistent solution
	· 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 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.



As discussed in the previous section (and as formulated in Observation #1), misalignment of measurement gap/restriction occurrence (say every 40ms) and XR packet arrivals (say every 16.66 ms) means that there is often no need for skipping multiple consecutive measurement occasions. Given this, introducing a MAC-CE based solution for semi-static de-activation (and activation) of measurement occasions is expected to offer no benefits over the dynamic DCI-based (Alt 1-1) solutions. MAC-CE based signaling is also slower than DCI-based solutions leading to longer timeline and also requiring to schedule a grant. In particular, the time that lasts between the scheduling DCI and the transmission of the data together with the MAC CE activation/deactivation command must be taken into consideration. Furthermore, activation/deactivation of the pre-configured skipping pattern would require DL grant, which would be additional overhead when no other (XR) data is in the buffer.
Observation 3: Implicit DCI indication (Alt 1-3) policy increase latency and reduce scheduling flexibility in the presence of the UE timeline constraint.
Proposal 5: De-prioritize semi-persistent solutions with deactivation/activation of SMTC windows as those are anticipated to offer no benefits over dynamic DCI based solutions. Thus, de-prioritize Alt 2-1, 2-2, and 2-3.

Alt. 3: Semi-static solution
	· 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.



We consider the RRC-based Alt 3 semi-static solutions as a possible supplement to the dynamic DCI-based Alt 1 solutions. In theory, Alt 3 could offer similar performance as Alt 1 provided that (i) exact reference time of traffic is known and (ii) XR pattern does not change. However, in practice, the timing of the XR traffic patterns may likely change over time, either as a result of the application making adjustments, due to increased queuing delay when cell load increases, or as a result of e.g. mobility and path switching decisions. 
Proposal 6: Alt 3-1/3-3 can be considered as complements to Alt 1-1. But, as Alt 1-1 offers better flexibility it should be standardized first.
In our view, Alt 3-2 is not fully justified as it is unclear what kind of performance benefits it will bring, if any, as compared to Alt 3-1, and Alt 1. Alt. 3-2 appears to have some similarities with Alt. 2-2, Alt. 1-2, where the differences between the alternatives is that window where to skip gaps/restrictions is configured by RRC. Additionally, changes in XR traffic characteristics like frame rate and periodicity may require adjustments to the pattern via RRC reconfiguration, thus making the meaning and utility of such window unclear.
Proposal 7: We recommend to de-prioritize Alt 3-2 with semi-static indication of measurement gap skipping when scheduling a transmission/reception overlapping with a measurement gap.
Alt. 3-4 with priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions is seen as a possible optimization that can be revisited if decided to standardize semi-static RRC solutions. However, further justification would be needed to exemplify cases where such priority mechanisms would be needed, including corresponding gains.
Proposal 8: Alt. 3-4 is seen as an optimization where further justification in terms of performance benefits is needed if decided to standardize semi-static RRC solutions.

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.




According to the agreement above, various UE assistance information was selected for further discussion and decision in RAN1#117. In following we discuss each of the proposed UE assistance information: 
UE assistance information related to measurement occasions:
It has been discussed in past meetings that UE would be able to provide information regarding the intended use of future measurement occasion i.e., measurements within measurement gaps or scheduling restrictions. Evidently, in context of current specification the scheduling of measurements is up to UE implementation, and thus not known to the network. It has been proposed that this assistance information could be benefitted by network to minimize the RRM impact. However, in relation to intended scope of the work to enable transmission/reception in gaps/restrictions caused by the RRM measurements to limit the impact to XR traffic, network has information related to the traffic periodicity. Hence, in order to attain the benefits to XR traffic, the application of skipping needs to be determined by the (network decision on) XR traffic needs. As shown in TR 38.835, if XR frame is collided with measurement occasions and cannot be transmitted, it will lead to significant capacity degradation. There can be implications to the RRM measurement performance, and the extent of these and how to account them e.g. in requirements, is subject to RAN4 consideration. 
Observation 4: In order to attain the benefits to the XR traffic the skipping needs to be determined (by network) based on the XR traffic needs. Any implications to RRM measurement performance should be considered in RAN4.
For the assistance information related to the measurement occasions, in practical sense, UE can try to estimate the necessity/importance of future measurement occasions based on historic information of earlier measurements samples, mainly from target (cell/layer). Use of source cell/layer could also be considered but this would evidently require longer statistics on both, source and target layers, to establish/identify relation between the measurement results of two different layers as UE is not aware of the deployment. Thus, UE would need to use past measurement results on the target cell/layer to try to predict the importance of future measurement sample(s) to meet the requirements for a given L3 measurement result. E.g. if past measurement samples can be assumed to be sufficient provide good estimate of the measurement result of a given target cell, UE may determine that it does not need next sample(s). Even in simpler assumption, if UE has measured the target cell, and this cell exceeds certain level/quality, UE could conclude that less frequent measurement samples are needed. In reverse, when conditions are more stringent, more measurement samples e.g. all allowed, could be needed to meet the set requirements. Hence, the number of samples UE needs to meet the measurement requirements (i.e. have a measurement result meeting the accuracy requirements with specified evaluation period), can be assumed to be dependent on the signal level/quality of the target cell/layer. This is only applicable to level measurements, and quality measurements (such as RSSI in RSRQ) can be more dynamic as they would depend on the variance of the interference from neighboring cells. Evidently, level/quality on target cell/layer and/or source cell/layer is something that network can be aware of based on earlier reported measurement results (equipped with the knowledge of the deployment and larger sample set of measurement results). Thus, the network can assume that the impact of skipping measurement occasions is less severe when the reported target cell level/quality is good, while more impact could be expected at lower level/quality. 
Observation 5: In attempt to predict the importance of future measurement occasion(s), UE would need to rely on past measurement results of the target cell/layer. Network equipped with reported measurement results, event based or periodic, can also be aware of the corresponding metrics, and predict the impact of measurement skipping.
However, as noted above, the need to skip is not dependent on the target cell/layer level/quality, thus, if the XR traffic KPIs are to be met, avoiding/preventing the skipping based on the target cell level/quality is not a viable option. Therefore, it does not seem viable for the network to use any specific information related to importance of particular measurement occasions if following it would violate the XR traffic KPIs. Thus, it is felt that RAN4 requirements should account the impact of measurement occasion skipping, and that assistance information on the UE measurement occasions cannot be used to limit the impact of skipping in more stringent conditions. 
Proposal 9: RAN1 does not further consider the UE assistance information related to measurement occasions. It is expected that RAN4 will address the measurement performance impact of measurement occasion skipping.

UE assistance information related to channel conditions:
As noted above, the network can configure UE with various measurement reporting schemes, covering L1 measurements (i.e., CSI) and L3 measurements (RSRP, etc.). Especially in context of XR where low latency is required, CSI reporting would be useful to ensure proper scheduling decisions. CSI reporting and other reporting schemes can provide network good understanding of the prevailing radio conditions of the UE. Therefore, it would not appear evident that new measurement reporting would be able to provide additional benefit over the existing information. It could be considered that e.g. in context of s-MeasureConfig based on serving cell, as discussed in [4], to establish certain UE behavior so that UE would cease RRM measurements. This would appear to be more suited for RAN2 discussion. 
Observation 6: Network can configure UE with various measurement reporting schemes, enabling network to have a good picture of the prevailing channel conditions of the UE. UE behavioral changes e.g. related to certain configured thresholds would seem suited more to RAN2 scope. 
Proposal 10: RAN1 does not further consider the UE assistance information related to channel conditions. 

UE assistance information related to traffic:
In context of traffic there is already existing assistance information from UE related to the traffic characteristics. PDU Set Importance (PSI) was discussed in RAN2 and it was agreed that it is not informed by network to UE. In context of discardTimerForLowImportance the identification of PSI of a PDU set and determination of low importance of PDU Set are left for UE implementation. Accounting the earlier agreements and the related discussion, it does not appear that RAN1 would be suitable forum to discuss any new traffic-related assistance information.   
Observation 7: In light of past agreements and discussions e.g. in RAN2, RAN1 does not appear to be a correct forum to discuss traffic related assistance information
Proposal 11: RAN1 does not further consider the UE assistance information related to traffic.

UE assistance information related to UE mobility
UE mobility-related assistance information was also proposed. In this context it is good to note that there are already existing methods, even without considering positioning-based schemes, that can be used by network to establish awareness of the UE mobility. For example, based on IDLE/Inactive mode configuration UE can be required to report the mobility state applied when entering CONNECTED mode. This could be used by the network to acquire information from UE mobility. Also, other CONNECTED mode procedures, related to inter and intra-cell mobility can help the network to form an understanding of the UE mobility. As discussed for channel conditions related assistance information, measurement reports (and change in them) could be used by network to also estimate the UE mobility. For example, the Rel-18 TRS-based Time domain channel property (TDCP) reporting for time domain correlation property could be used to establish understanding of the channel variation observed by the UE. 
Observation 8: Network can configure UE with various measurement reporting schemes, enabling network to have a good picture of the UE mobility. 
Proposal 12: RAN1 does not further consider the UE assistance information related to UE mobility.

Conclusion
The contribution is concluded with following summary of Observations:
Observation 1: For DL XR traffic with time-domain jitter, it is hard to predict if a future gap/restriction appearing in 40ms or 80ms will cause problems for scheduling the XR payload.  
Observation 2: For UL XR traffic without time-domain jitter, it is easy to predict if a future SMTC window appearing in e.g. 40ms or 80ms will cause problems for scheduling the UL XR payload, but still low probability of multiple consecutive SMTC windows colliding with UL XR traffic due to misalignment of SMTC windows and XR frame arrivals.
Observation 3: Implicit DCI indication (Alt 1-3) policy increase latency and reduce scheduling flexibility in the presence of the UE timeline constraint.
Observation 4: In order to attain the benefits to the XR traffic the skipping needs to be determined (by network) based on the XR traffic needs. Any implications to RRM measurement performance should be considered in RAN4.
Observation 5: In attempt to predict the importance of future measurement occasion(s), UE would need to rely on past measurement results of the target cell/layer. Network equipped with reported measurement results, event based or periodic, can also be aware of the corresponding metrics, and predict the impact of measurement skipping.
Observation 6: Network can configure UE with various measurement reporting schemes, enabling network to have a good picture of the prevailing channel conditions of the UE. UE behavioral changes e.g. related to certain configured thresholds would seem suited more to RAN2 scope. 
Observation 7: In light of past agreements and discussions e.g. in RAN2, RAN1 does not appear to be a correct forum to discuss traffic related assistance information
Observation 8: Network can configure UE with various measurement reporting schemes, enabling network to have a good picture of the UE mobility. 

Additionally, the following Proposals have been made:
Proposal 1: We recommend prioritizing Alt 1-1 with explicit DCI-based indication to skip a single upcoming measurement occasion i.e. measurement gap or restriction. 
Proposal 2: We recommend to de-prioritize Alt 1-2 with DCI to explicitly indicate a time window where to skip a particular gap(s)/restriction(s) as indication for multiple gap/restrictions is not needed.
Proposal 3: We recommend to de-prioritize Alt 1-3 with implicit DCI indication of measurement gap skipping when scheduling a transmission/reception overlapping with a measurement gap. 
Proposal 4: Introduce a method to trigger cancellation of a single upcoming measurement gap/restriction without scheduling a DL/UL grant. The design of the format can be based on format 2_4, including similar requirements for UE processing times or be an extension/modification of existing DCI format (x_1, x_2).
Proposal 5: De-prioritize semi-persistent solutions with deactivation/activation of SMTC windows as those are anticipated to offer no benefits over dynamic DCI based solutions. Thus, de-prioritize Alt 2-1, 2-2, and 2-3.
Proposal 6: Alt 3-1/3-3 can be considered as complements to Alt 1-1. But, as Alt 1-1 offers better flexibility it should be standardized first.
Proposal 7: We recommend to de-prioritize Alt 3-2 with semi-static indication of measurement gap skipping when scheduling a transmission/reception overlapping with a measurement gap.
Proposal 8: Alt. 3-4 is seen as an optimization where further justification in terms of performance benefits is needed if decided to standardize semi-static RRC solutions.
Proposal 9: RAN1 does not further consider the UE assistance information related to measurement occasions. It is expected that RAN4 will address the measurement performance impact of measurement occasion skipping.
Proposal 10: RAN1 does not further consider the UE assistance information related to channel conditions. 
Proposal 11: RAN1 does not further consider the UE assistance information related to traffic.
Proposal 12: RAN1 does not further consider the UE assistance information related to UE mobility.
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