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Introduction
In RAN1 #116b, enhancements to enable transmission/reception for XR in gaps/restrictions that are caused by RRM measurements was discussed with following agreements:
Proposal 2.3.2-v3:
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.
Proposal 2.1.2-v6:
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.
· [bookmark: _Hlk164845206][bookmark: _Hlk164845245]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 discuss the enhancements to enable transmission/reception for XR in gaps/restrictions caused by RRM measurements.
1. 
2. 
Discussion
1.1 UE assistance information
In current RAN4 spec, larger measurement delay was defined for two types of unavailability of measurement resources, i.e. the dropped gap caused by collision handling between concurrent measurement gaps and unavailable SMTC occasions caused by LBT failure, as shown in the appendix.
[bookmark: _Hlk165282236][bookmark: _Hlk165282468]Observation 1: In current RAN4 specification, the measurement delay is enlarged when the measurement resources is not available due to collision handling between concurrent measurement gaps or LBT failure.
[bookmark: _Hlk165361660]The RRM measurement results are influenced by many uncontrollable factors which cannot be predicted by gNB and UE. If UE assistance information is supported to reduce the impact on measurement performance when gaps/restrictions are skipped, UE can provide information about measurements that have been performed within a time period before reporting, but cannot be required to make predictions on the future factors to ensure qualified RRM measurements.
Observation 2: If UE assistance information is supported, UE can provide information about measurements in the past (i.e., within a time period before reporting), but cannot be required to make safe predictions on the future factors to ensure qualified RRM measurements.
1.2 Network signaling to enable Tx/Rx in gaps/restrictions
Two use cases as following should be considered for support of enabling Tx/Rx for XR in gaps/restrictions caused by RRM measurement:
Use case 1: XR traffic is delivered by CG-PUSCH/SPS-PDSCH
[bookmark: _Hlk161232700][bookmark: _Hlk164845259][bookmark: _Hlk157950730]If the high priority XR traffic is delivered by CG-PUSCH/SPS-PDSCH, semi-static solution to enable TX/RX in gaps/restrictions caused by RRM measurements is preferred to reduce the DCI overhead. Furthermore, since the XR traffic delivered by CG-PUSCH/SPS-PDSCH has semi-statically pre-configured Tx/Rx occasions, we think Alt 3-3 is more efficient and the semi-statically pre-configured Tx/Rx occasions are determined based on the valid CG/SPS transmission occasions. To be more specific, cancellation of occasions of gaps/restrictions can be configured per CG/SPS configuration, where the cancellation can be configured to apply to all MG configurations/restrictions or to some specific MG configurations/restrictions. If one valid CG-PUSCH/SPS-PDSCH occasion (as described in clause 6.1/5.1 of TS 38.214) corresponding to a CG/SPS configuration that is configured to allow cancellation overlaps in time with an occasion of gaps/restrictions, the occasion of gaps/restrictions is cancelled/skipped and all the Tx/Rx in the occasion are enabled, as shown in Figure 1. The advantages of the semi-static scheme include compatibility with XR quasi-periodic characteristic, no additional signaling overhead, fewer spec modifications and simplified implementations in gNB and UE.


[bookmark: _Ref158493371]Figure1. Semi-static solution to enable TX/RX in gaps/restrictions caused by RRM measurements
[bookmark: _Hlk161233208]Proposal 1: Alt 3-3 in RAN1 #116bis agreement is supported, in order to handle XR traffic delivered by CG-PUSCH/SPS-PDSCH.
· The “particular semi-statically pre-configured Tx/Rx occasions” in Alt 3-3 refers to the valid CG/SPS transmission occasions corresponding to a CG/SPS configuration that is configured to allow MG cancellation in case of overlaps in time with an occasion of measurement gaps/restrictions.

Use case 2: XR traffic is delivered by dynamically scheduled PUSCH/PDSCH
When the high-priority XR traffic is transmitted by dynamically scheduled PUSCH/PDSCH, dynamic indication to enable Tx/Rx in gaps/restrictions caused by RRM measurements is more appropriate. In order to minimize the impact on UE blind decoding, new DCI format should not be introduced. 
Both Alt 1-1 and Alt 1-2 can be achieved by adding new field in DCI format x-1/2/3. Considering the period of gaps/restrictions is much longer than gNB pre-scheduling time, we think it is no need to use the explicit indication to indicate gaps/restrictions after a long time. Furthermore, considering the impact of increased DCI overhead, we slightly prefer Alt 1-1 with 1-bit to indicate whether to skip the first gap(s)/restriction(s) occasion that can be cancelled/skipped and satisfies the condition of time offset between the end of received DCI and the start of gap(s)/restriction(s) occasion. 
If Alt 1-1 with 1-bit explicit indication is supported, after receiving any one valid DCI which satisfies the condition of time offset and indicates to skip a gap(s)/restriction(s) occasion, UE skips the gap(s)/restriction(s) occasion, and additional constraint on indication results between multiple DCIs corresponding to a gap(s)/restriction(s) occasion is unnecessary.
Alt 1-3 has the least DCI overhead and specification impact. All legacy DCI formats (i.e. DCI format x-0/1/2/3) scheduling a PDSCH/PUSCH/PUCCH in a gap/restriction can indicate the skipping of the gap/restriction without increasing DCI overhead, as shown in Figure 2. 


[bookmark: _Ref158494936]Figure 2. A legacy scheduling DCI enables Tx/Rx in gaps/restrictions caused by RRM measurements
[bookmark: _Hlk164850018]Therefore, we prefer to focus on Alt 1-3 and Alt 1-1 with 1-bit in DCI format x-1/2/3 for further study.
Proposal 2: Dynamic indication to enable Tx/Rx in gaps/restrictions caused by RRM measurements can be considered, with the following focus:
· Alt 1-3: Implicit indication by legacy DCI scheduling a PDSCH/PUSCH/PUCCH overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s);
· Alt 1-1: Explicit 1-bit indication in DCI format X_1/2/3 to indicate whether to skip the first gap(s)/restriction(s) occasion that is a type eligible for cancellation/skipping per RAN4 assessment and meanwhile satisfies the condition in terms of time offset between the end of DCI reception and the start of gap(s)/restriction(s) occasion.
· If there are multiple DCI’s indicating a same first gap(s)/restriction(s) occasion, UE skips the gap(s)/restriction(s) occasion if any one of the DCI, regardless of order in time, indicates to cancel/skip the occasion. 
Skipping a gap(s)/restriction(s) occasion will not cause changes to the measurement configuration, so from perspective of re-planning measurement, there may exist some difference between the processing time of MG deactivation and that of MG skipping.  From scheduling perspective, the time offset between the end of received DCI and the start of the skipped gap(s)/restriction(s) occasion needs to ensure that UE completes detection of DCI indication. After detecting DCI indication, UE can perform DL reception in the skipped gap(s)/restriction(s) occasion without additional delay. On the other hand, to achieve no scheduling restrictions on uplink transmission, which means PUSCH/PUCCH can be transmitted at the starting of the skipped gap(s)/restriction(s) occasion, the tine offset needs to cover the preparation time of uplink transmission. Therefore, the time offset between the end of received DCI and the start of the skipped gap(s)/restriction(s) occasion needs to take into consideration the PDCCH decoding, PUSCH preparation and the measurement re-planning. 
In addition, the current range of k1 (which could be up to 15) and k0/k2 (which could be up to 32) is large and flexible enough to cover the time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped. 
Observation 3: The time offset between the end of DCI reception and the start of the skipped gap(s)/restriction(s) occasion needs to take into consideration the PDCCH decoding, PUSCH preparation and measurement re-planning.
Observation 4: The range of k1 (which is up to 15) and k0/k2 (which is up to 32) in current spec are large and flexible enough to cover the time offset between the end of dynamic indication reception and start of gap(s)/restriction(s) occasion that is to be skipped.
1.3 [bookmark: _Hlk161232257][bookmark: _Hlk161232373][bookmark: _Hlk161231769]Partial cancellation/skipping
The partial cancellation/skipping of an occasion(s) of gap/restrictions caused by RRM measurements requires UE to perform both data transmission/reception and measurements in the occasion, which can lead to big impacts to both specification and UE implementation, e.g., switching/interruption occurrence that is required between data transmission/reception and measurements could be time-varying and dependent on dynamic conditions such as scheduling. Therefore, we do not support an occasion(s) of gap/restrictions caused by RRM measurements is cancelled/skipped partially.
Proposal 3: It is not supported in R19 XR to partially cancel/skip an occasion of gaps/restrictions caused by RRM measurements.  
Conclusions
In this contribution, we discuss the enhancements to enable transmission/reception for XR during RRM measurements with following observations and proposals:
Observation 1: In current RAN4 specification, the measurement delay is enlarged when the measurement resources is not available due to collision handling between concurrent measurement gaps or LBT failure.
Observation 2: If UE assistance information is supported, UE can provide information about measurements in the past (i.e., within a time period before reporting), but cannot be required to make safe predictions on the future factors to ensure qualified RRM measurements.
Proposal 1: Alt 3-3 in RAN1 #116bis agreement is supported, in order to handle XR traffic delivered by CG-PUSCH/SPS-PDSCH.
· The “particular semi-statically pre-configured Tx/Rx occasions” in Alt 3-3 refers to the valid CG/SPS transmission occasions corresponding to a CG/SPS configuration that is configured to allow MG cancellation in case of overlaps in time with an occasion of measurement gaps/restrictions.
Proposal 2: Dynamic indication to enable Tx/Rx in gaps/restrictions caused by RRM measurements can be considered, with the following focus:
· Alt 1-3: Implicit indication by legacy DCI scheduling a PDSCH/PUSCH/PUCCH overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s);
· Alt 1-1: Explicit 1-bit indication in DCI format X_1/2/3 to indicate whether to skip the first gap(s)/restriction(s) occasion that is a type eligible for cancellation/skipping per RAN4 assessment and meanwhile satisfies the condition in terms of time offset between the end of DCI reception and the start of gap(s)/restriction(s) occasion.
· If there are multiple DCI’s indicating a same first gap(s)/restriction(s) occasion, UE skips the gap(s)/restriction(s) occasion if any one of the DCI, regardless of order in time, indicates to cancel/skip the occasion. 
Observation 3: The time offset between the end of DCI reception and the start of the skipped gap(s)/restriction(s) occasion needs to take into consideration the PDCCH decoding, PUSCH preparation and measurement re-planning.
Observation 4: The range of k1 (which is up to 15) and k0/k2 (which is up to 32) in current spec are large and flexible enough to cover the time offset between the end of dynamic indication reception and start of gap(s)/restriction(s) occasion that is to be skipped.
Proposal 3: It is not supported in R19 XR to partially cancel/skip an occasion of gaps/restrictions caused by RRM measurements.  
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Appendix
TS 38.133
9.2A	NR intra-frequency measurements with CCA
9.2A.6.1	Intra-frequency cell identification
The UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_without_index_CCA if UE is not indicated to report SSB based RRM measurement result with the associated SSB index (reportQuantityRsIndexes or maxNrofRSIndexesToReport is not configured), or the UE has been indicated that the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled). Otherwise UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_with_index_CCA. The UE shall be able to identify a new detectable intra frequency SS block of an already detected cell within Tidentify_intra_without_index CCA. 
	Tidentify_intra_without_index CCA = TPSS/SSS_sync_intra_CCA + T SSB_measurement_period_intra_CCA  ms
	Tidentify_intra_with_index_CCA = TPSS/SSS_sync_intra_CCA + T SSB_measurement_period_intra_CCA + TSSB_time_index_intra_CCA
Where:
	TPSS/SSS_sync_intra_CCA: it is the time period used in PSS/SSS detection given in table 9.2A.5.1-1, 9.2A.5.1-3 (deactivated Scell) .
……
Table 9.2A.6.1-1: Time period for PSS/SSS detection (FR1)
	Condition
	TPSS/SSS_sync_intra_CCA

	No DRX 
	max(600ms, (5+LPSS/SSS,gaps) x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms 
	max(600ms, ceil(1.5x (5+LPSS/SSS,gaps)) x max(DRX cycle, MGRP, SMTC period)) x CSSFintra 

	DRX cycle>320ms
	(5+LPSS/SSS,gaps) x (MGRP, DRX cycle) x CSSFintra

	NOTE 1:	When DRX is not configured, LPSS/SSS,gaps is the number of SMTC occasions not available at the UE during TPSS/SSS_sync_intra_CCA for PSS/SSS detection, where LPSS/SSS,gaps <LPSS/SSS,gaps,max. When DRX is configured, LPSS/SSS,gaps is the number of DRX cycles in which at least one SMTC occasion is not available at the UE during TPSS/SSS_sync_intra_CCA for PSS/SSS detection, where LPSS/SSS,gaps <LPSS/SSS,gaps,max. When configured with DRX, the UE is not required to determine the availability of SMTC occasions more frequent than once per DRX cycle. When configured with measurement gaps, the UE is not required to determine the availability of SMTC occasions more frequent than once during MGRP. FFS: The UE is not required to determine the availability of SMTC occasions more frequent than what is required by CSSFintra.
NOTE 2:	LPSS/SSS,gaps,max, =7 for Max(DRX cycle, SMTC period, MGRP)≤40ms where DRX cycle is 0 for non-DRX, LPSS/SSS,gaps,max =5 for 40ms<Max(DRX cycle, SMTC period, MGRP)≤320ms, LPSS/SSS,gaps,max =3 for DRX cycle>320ms.
NOTE 3:	Upon exceeding LPSS/SSS,gaps,max, the UE is not required to meet the requirements for PSS/SSS detection.


9.3	NR inter-frequency measurements
9.3.4	Inter-frequency measurement with measurement gaps	
When measurement gaps are provided, or the UE supports capability of conducting such measurements without gaps, the UE shall be able to identify a new detectable inter frequency cell within Tidentify_inter_without_index if UE is not indicated to report SSB based RRM measurement result with the associated SSB index (reportQuantityRsIndexes or maxNrofRSIndexesToReport is not configured) or deriveSSB-IndexFromCellInter-r17 is configured for the FR1 and FR2-1 target frequency layers and UE supporting deriveSSB-IndexFromCellInterNon-NCSG-r17. Otherwise UE shall be able to identify a new detectable inter frequency cell within Tidentify_inter_with_index. The UE shall be able to identify a new detectable inter frequency SS block of an already detected cell within Tidentify_inter_without_index.
Tidentify_inter_without_index = (TPSS/SSS_sync_inter + T SSB_measurement_period_inter) ms
Tidentify_inter_with_index = (TPSS/SSS_sync_inter + T SSB_measurement_period_inter + TSSB_time_index_inter) ms
Where:
	TPSS/SSS_sync_inter: it is the time period used in PSS/SSS detection given in table 9.3.4-1, table 9.3.4-2, table 9.3.4-5 when highSpeedMeasInterFreq-r17 is configured and UE supports measurementEnhancementInterFreq-r17 and table 9.3.4-9 when highSpeedMeasFlagFR2-r17 is configured and UE supports [measurementEnhancementCAInterFreqFR2-r18]. When the SCG is deactivated, table 9.3.4-7 applies for an inter-frequency carrier configured by SCG and not configured by MCG and table 9.3.4-2 applies for an inter-frequency carrier configured by both SCG and MCG. Regardless of whether the SCG is activated or deactivated, table 9.3.4-2 applies for an inter-frequency carrier configured only by MCG.
……
Kgap is a scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern. Kgap = 1 when the UE is not configured with concurrent measurement gaps. Otherwise, Kgap = Ntotal / Navailable, where Navailable and Ntotal are calculated as follows:
-	For a window W of duration max(SMTC period,  MGRP_max), where MGRP_max is the maximum MGRP across all configured per-UE measurement gap(s) and per-FR measurement gap(s) within the same FR, and starting from the beginning of any SMTC occasion: 
-	Ntotal is the total number of SMTC occasions that are covered by instances of the associated measurement gap within the window W, including those dropped and non-dropped instances of the associated measurement gap within the window, and
-	Navailable is the number of SMTC occasions that are covered by instances of the non-dropped associated measurement gap within the window W, after accounting for collisions between the measurement gaps by applying the measurement gap collision rule in section 9.1.8.3.
Kgap is only applicable for UE supporting concurrentMeasGap-r17. When concurrent measurement gaps are configured, requirements in this clause do not apply if Navailable =0.
Table 9.3.4-1: Time period for PSS/SSS detection (Frequency range FR1)
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 Max(600ms, Ceil(8 * Kgap)  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(8*1.5 * Kgap)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms 
	Ceil(8 * Kgap)  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	For a UE supporting concurrent gaps, the MRGP above is the MRGP of the measurement gap associated with the target frequency layer to be measured if concurrent measurement gaps are configured.
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