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1. Introduction
At RAN#102 meeting, WID on XR further enhancements was approved with the objective as follows [1]:
	The Rel-19 XR ph3 objectives are as follows:
· Study and if justified, specify aspects related to multi-modality (intra-UE) (with coordination with SA2/SA4 as needed by LS request). Aim to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. [RAN2]. 
· Note: Check in RAN#105 (check also other WG involvement if needed).
· 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]
· Specify Enhancements for Scheduling, as follows: 
· For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
· Note: LCP implementation complexity need to be taken into account when evaluating solutions.
· Note: Check in RAN#105
· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 
· If justified, define a mechanism for transmitter to inform the receiver of SN gap (or missing SNs) in PDCP.
· Specify Core requirements related to the above objectives as necessary [RAN4]
Note: Whether / to what extent network exposure / RAN awareness / e.g. RAN involved rate control, possibly additional info for DL scheduling, parallel with SA2 work, shall be covered in this WI is TBD.



In this contribution, 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) are discussed.
2. Discussions
2.1 Solutions to enable transmission/reception in gaps/restrictions
At RAN1#116bis meeting, following agreements were made for solutions to enable transmission/reception in gaps/restrictions that are caused by RRM measurements. 

	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.



Dynamic indication based solution, semi-persistent solution and semi-static solution are left for further down-selection. If only one solution would be supported in the end, to support a solution with most generic usage would be more meaningful.

Observation 1: A solution with most generic usage would be more meaningful.

Dynamic indication based solution can provide better flexibility, and applicable for XR traffics regardless of XR traffic characteristic.  
Semi-persistent solution and semi-static solution can be applicable only if XR traffic pattern can be basically matched with pre-configured periodicity and offset. If XR traffic pattern can’t be matched well by pre-configured periodicity and offset, semi-persistent solution and semi-static solution may result in degraded RRM measurement performance without much improvement on XR capacity. For example, due to jitter or non-integer value periodicity for XR traffic, the configured skipping occasion may mismatch with XR traffic. For such case, the actual XR traffic is still blocked by MG/RRM measurement restrictions, while a MG/RRM measurement is skipped though there is no XR traffic to be transmitted. 

Observation 2: Dynamic indication based solution is applicable regardless of XR traffic characteristic.  

Observation 3: If XR traffic pattern can’t be matched well by pre-configured periodicity and offset, semi-persistent solution and semi-static solution may result in degraded RRM measurement performance without much improvement on XR capacity. 

Considering the characteristic of jitter and non-integer value periodicity for XR traffic, dynamic indication based solution would be the most useful solution. Therefore, dynamic indication based solution is preferred. 

Proposal 1: Dynamic indication based solution is supported to enable Tx/Rx in gaps/restrictions.

There are three sub-alternatives for dynamic indication based solution.
· Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s); 
· Alt 1-2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s);
· 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);

The benefit of Alt 1-3 is that spec impact on DCI field design is not needed, which is simpler than Alt 1-1/Alt 1-2. However, a concern on feasibility of Alt 1-3 is the processing timeline of skipping MG/RRM. If existing PDSCH/PUSCH scheduling timeline (Tproc1/Tproc2) or UL cancellation timeline (T’proc2) is used, Alt 1-3 is feasible. However, if the processing time requires several subframes (e.g. 5ms), Alt 1-3 is not appropriate, since it may be not typical to schedule a PDSCH/PUSCH in advance for a long time offset.
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Fig 1: Alt 1-3 (implicit dynamic indication to skip MG/RRM occasion)

From skipping effect perspective, Alt 1-1 and Alt 1-2 are similar. Both of them can indicate skipping for one or multiple gap(s)/restriction(s) based on explicit indication. For Alt 1-1, DCI directly indicates skipping for particular gap/restriction occasions. For Alt 1-2, DCI indicates a time window for skipping, e.g. by indicating starting and/or length of skipping time window. 
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Fig 2: Alt 1-1 (explicit indication to skip one or multiple MG/RRM occasion)
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Fig 3: Alt 1-2 (explicit indication of skipping time window)

For skipping of only one gap/restriction occasion, direct skipping indication for that gap/restriction occasion is simpler. 
For skipping of multiple gap/restriction occasions, the window may be very long, considering the periodicity values of SMTC and MG configuration. For example, candidate SMTC periodicity value can be 5/10/20/40/80/160ms, and candidate MG periodicity value can be 10/20/40/80/160ms. If assuming typical MG/SMTC periodicity value as 20ms, the time window length may be up to 40 subframes to skip two gap/restriction occasions. It is complicated than Alt 1-1 without obvious benefit. Therefore, Alt 1-1 is preferred.

For design of Alt 1-1, the simplest solution is to indicate skipping for the first gap/restriction which is with a required duration (e.g. for processing the skipping indication) after the indication DCI.

Proposal 2: For dynamic indication based solution, support Alt 1-1 with following update.
· Alt 1-1: DCI indicates skipping for the first gap/restriction which is with a required duration after the indication DCI.

2.2 UE assistance information
At RAN1#116bis meeting, UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements was discussed. The following agreement was made.

	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 our understanding, the legacy reported information (e.g. reported measurement result according to legacy procedure) can be used for network to make the skipping decision. Necessity of new UE assistance information is not justified.
Moreover, if there is no rule on how UE determines the information (e.g. the number of needed gaps, the maximum number or ratio of gaps to be skipped, etc.), the reported information may be not reliable. If the reliability of the assistance information can’t be ensured, it would be difficult for network to make the skipping decision based on such information.

Proposal 3: New UE assistance information to enable Tx/Rx in gaps/restriction is not considered in RAN1.

2.3 Partial skipping
According to RAN1#116 meeting agreement, whether/how to support partial skipping will be further discussed.

	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



In our view, partial skipping of gap/restriction would cause large RAN4 impact. MG/SMTC configurations are related to almost all part of RRM requirements. If a measurement gap is partially skipped, RAN4 needs complicated study that how to treat MG length in this case. Therefore, partial skipping of gap/restriction is not preferred.

Proposal 4: Not support the case where an occasion of gap/restrictions caused by RRM measurements are cancelled/skipped partially.

3. Conclusion
In this contribution, we discussed possible methods to enable transmission/reception in gaps/restrictions that are caused by RRM measurements. We have the following observations and proposals:

Observation 1: A solution with most generic usage would be more meaningful.
Observation 2: Dynamic indication based solution is applicable regardless of XR traffic characteristic.  
Observation 3: If XR traffic pattern can’t be matched well by pre-configured periodicity and offset, semi-persistent solution and semi-static solution may result in degraded RRM measurement performance without much improvement on XR capacity. 

Proposal 1: Dynamic indication based solution is supported to enable Tx/Rx in gaps/restrictions.

Proposal 2: For dynamic indication based solution, support Alt 1-1 with following update.
· Alt 1-1: DCI indicates skipping for the first gap/restriction which is with a required duration after the indication DCI.

Proposal 3: New UE assistance information to enable Tx/Rx in gaps/restriction is not considered in RAN1.

Proposal 4: Not support the case where an occasion of gap/restrictions caused by RRM measurements are can-celled/skipped partially.
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