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Introduction
In RAN#102 meeting, a new SID on XR (eXtended Reality) for NR Phase 3 was approved [1]. This work item will include the following objectives.
	· Specify enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements (from inter-frequency RRM measurement gaps, or intra-frequency measurements, or other scheduling restrictions etc). [RAN1, RAN2, RAN4] 
· Specify the corresponding measurement gap and scheduling restriction to enable the identified enhancements with RRM performance impact taken into consideration, work being triggered by LS. [RAN4]



In RAN1#116bis [2], three solutions of the triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions caused by RRM measurements were agreed for further down-selection. It was also agreed that the occasion(s) of gaps/restrictions caused by RRM measurements were cancelled/skipped fully, i.e. UE was assumed to receive/transmit in the occasion(s) without any gaps/restrictions caused by RRM measurements. However, whether to support the occasion(s) of gaps/restrictions caused by RRM measurements were cancelled/skipped partially, and whether need the UE assistance information/indication for enable the Tx/Rx in gaps/restrictions still need to be further discussed.
	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.
· 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 would further discuss the issues related to the signaling control of scheduling restriction during measurement gap in support of XR services. Firstly, we discuss the potential network signaling solutions for triggering/enabling the Tx/Rx in gaps/restrictions in support of XR services. We then further discuss whether to support the occasion(s) of gaps/restrictions caused by RRM measurements are cancelled/skipped partially.
The signal control of scheduling restriction during measurement gap 
In NR system, the UE would be configured with the measurement gaps (MGs) to measure different BWP in the intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells. Two types of measurement gaps, i.e. per-FR MG and per-UE MG, are supported in NR based on the UE capability. UE determines the measurement gap timing based on gap offset configuration and measurement gap timing advance configuration provided by higher layer signalling. The measurement gap patterns including the Gap Pattern ID, the Measurement Gap Length (MGL) and the Measurement Gap Repetition Period (MGRP) are determined based on Table 9.1.2-1 in TS.38.133 [3].
[bookmark: _GoBack]Table 9.1.2-1: Gap Pattern Configurations [3]
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



During the MG, UE would tune the RF frequency to the target frequency band for RRM measurement(s) and cannot transmit or receive any signals to/from the gNB in the serving cell providing the XR services. The gNB would not schedule the UE to receive or transmit the data. For SSB based measurements without measurement gaps, UE may cause scheduling restriction that UE cannot transmit PUCCH/PUSCH/SRS on SSB symbols to be measured and on one data symbol before each consecutive SSB symbols to be measured and one data symbol after each consecutive SSB symbols to be measured within SMTC window duration.
The video stream in eXtended Reality (XR) and Cloud Gaming (CG) application, such as VR/AR and CG in the XR study in Rel-18, are periodically generated based on the source codec frame generation rate, e.g. 60 FPS, which is not non-integer periodicity. For DL traffic in VR/CG, the packet inter-arrival time at the gNB would be varied caused by the delay jitter of network transport, while the packet arrival of the UL XR traffic would be periodic from the UE application layer to MAC/physical layer for scheduled UL transmission also with non-negligible delay jitter. Both DL and UL traffic are also characterized by relatively strict Packet Delay Budget (PDB). 
When UE is configured with the MG or the SMTC for RRM, the measurement period would not be aligned with the XR packet arrival time, which is affected by the frame generation rate and jitter. The data transmission of XR would be restricted by the RRM measurement for inter-frequency handover or intra-frequency BWP switching as shown in the figure, which can affect the system capacity performance of XR service.
[image: ]
Figure 1: Transmission/reception in gaps and restrictions caused by RRM measurements
Considering that the inter-frequency RRM measurement for mobility with the MG is very rare with on-going XR service and not always be needed, the restriction of transmission/reception in RRM measurement gaps can be lifted to improve the XR capacity since XR service has stringent delay requirements. For example, the channel quality of the serving cell is good enough for supporting application data transmission. When UE is under a low mobility, UE does not need to perform RRM measurements in preparation of handover to the neighbor cell. The serving cell should support scheduling UE to receive or transmit the data during the RRM Measurement Gap or enable the transmission/reception during the measurement gap.
The potential solutions for the RRM measurement enhancement for improving XR capacity had been discussed in RAN1#116bis and listed as following:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements.
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements.
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
For the Alt 1: dynamic indication solution, the dynamic signalling by DCI is to indicate whether UE to transmit/receive in the upcoming measurement gaps or SMTC dynamically when the measurement gaps/SMTC and the expected XR traffic arrival collides in the same time interval. Rel-19 XR enhancement feature is to improve the XR capacity by enabling XR transmission/reception during the measurement gaps when the expected XR traffic arrival collides with measurement gaps or SMTC as shown in [4]. The dynamic indication of enabling XR transmission/reception during the measurement gaps would not have benefit of improving the system capacity in support of XR comparing to the capacity improvement of the semi-static enable of XR transmission/reception during measurement gaps as shown in [4]. The dynamic signalling needs to have the knowledge whether the XR traffic would arrive in time in the near future to get effective indication. Thus, the dynamic indication whether UE to continue the XR transmission during the measurement gaps requires the expected prediction of XR traffic arrival in the near future and is not realistic in providing the benefit of improving the system capacity for XR. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: The Alt.1: dynamic indication solution should not be supported in Rel-19 XR enhancement, because it requires the expected prediction of XR traffic arrival in the near future and is not realistic in providing the benefit of improving the system capacity for XR. 
For the Alt.2: the semi-persistent solution, gNB would transmit the activation command via the DCI or MAC CE to enable Tx/Rx in gaps/restrictions until the de-activation command received. In this solution, the gNB would not send the activation and de-activation signaling frequently, since the XR traffic arrival in the near future is not predicted. That’s mean that UE would enable the Tx/Rx in gaps/restriction during the activation period, which is similar as the effect of the Alt.3: the semi-static solution. Furthermore, the semi-persistent solution would introduce the additional signaling overhead to carry the activation and de-activation command. Thus, the Alt.2: semi-persistent solution should be down-selected.
Proposal 2: The Alt.2: semi-persistent solution should be down-selected, because it can introduce the additional signaling overhead to carry the activation and de-activation command without obvious advantage compared to the Alt 3: the semi-static solution.
For the Alt.3: the semi-static solution, the enable flag is configured via the RRC signaling to indicate UE to continue the Tx/Rx in measurement gaps or scheduling restrictions. When the XR traffic is applied, gNB could obtain the DL traffic characteristic information related to the XR traffic from core network [5], including the periodicity, burst arrival time, burst arrival time window, survival time and the jitter information, and the UL PDU set information based on the UE assistant information[6]. gNB could configure the C-DRX based on the XR packet generation characteristic and enable flag to inform UE to keep Tx/Rx in gaps/restrictions. During the active time of C-DRX, the measurement occasions in the MG or SMTC window overlapped with the active time of C-DRX would be fully skipped or fully cancelled the scheduling restriction. The benefit of the Alt.3: semi-static solution, it requires less signalling overhead relying on traffic arrival information and is simple to implementation. Furthermore, the Alt. 3-3 in semi-static solution should be supported, in which gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
Proposal 3: The Alt.3-3: semi-static solution should be supported for its less signaling overhead and simple implementation, in which gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
Furthermore, the rule-based semi-static solution should not be supported. In this solution, UE continue the Tx/Rx in the measurement occasions overlapped with the data transmission based on the certain condition, in which the certain condition, including low UE mobility, good serving cell quality, non-empty buffer status, are not used in improving the XR capacity when the UE does not meet the predefined rules. When the channel quality of the serving cell is good enough, such as more than 3dB better than the neighbour cell, and lower UE mobility, the RRM measurement can be relaxed and reduce the collided measurement behaviour would not affect the RRM measurement performance. In this case, UE can continue the transmission/reception in the overlapped measurement occasions based on the enable flag.   However, the predefined condition also set the limit of XR capacity enhancement to enable XR traffic scheduling during the measurement gaps when UE does not meet the condition in skipping the measurement. The RRM measurements for inter-frequency handover or intra-frequency BWP switching with the configured measurement gaps are not the typical use cases for network to configure when XR service is on-going if network intends to provide the seamless XR service to the UE. Thus, the XR capacity improvement should be the primary target in the XR enhancement work when XR traffic collides with measurement gaps.   
Proposal 4: The rule-based semi-static solution should NOT be supported, in which gaps/restrictions that are caused by RRM measurements are skipped under the certain condition.
Partial canceling/skipping the occasion(s) of gaps/restrictions caused by RRM measurements
According to the discussion in RAN1#116bis meeting, the partial cancelling/skipping the occasion(s) of gaps/restrictions caused by RRM measurements were proposed be further considered for its benefit for the RRM measurement. However, some issues for this scheme should be further discussed, which are provided as following:
Firstly, it needs to further evaluate the system capacity gain of cancelling the partial restriction or skipping the partial MG. According to the evaluation results in TR38.835[3]，the system capacity performance gain is based on that the scheduling restriction is removed in the full measurement occasions and the MG collided with the data transmission is fully skipped, as described in the Scheme 7.2 and Scheme 7.3 in TR38.835. If the scheduling restriction is partially cancelled or the MG is partially skipped, it would needs to further evaluate that how to determine the occasions to transmit/receive the data and whether to obtain the system capacity gain.
In additional, the feasibility for the partial cancellation/skipping the RRM measurement occasions should be further demonstrated. During the MG for the inter-frequency RRM measurement, it was designed to leave the time, e.g. 1 ms, for RF tuning at the beginning and the end of MG and allow the UE to perform RRM measurements in between the RF tuning. Based on the evaluation assumptions of the RRM measurement in TR38.835, the 5 ms SMTC window every 20 ms and the 6 ms MG length every 40 ms/80ms were chosen to have sufficient time for inter-frequency RF tuning since LTE. When the data transmission is partial overlapping with the MG, the remaining time duration is not sufficient for RRM measurement until it is longer than the RF tuning time and can perform at least once measurement. 
Finally, if the partial cancellation/skipping the RRM measurement occasions scheme is associated with the data arrival time, gNB would indicate UE to cancel/skip the RRM measurement occasions via the signalling. However, since the XR traffic packet arrival time is with the jitter for both DL and UL, the gNB would not predict the accurate overlapping duration when the data transmission is collided with the RRM measurement occasions or MG. The partial cancellation/skipping the RRM measurement occasions would be time variable behaviour for UE, which is difficult to implement.
Thus, the partial cancellation/skipping the RRM measurement occasions should not be supported in Rel-19 RRM measurement enhancement.
Proposal 5: The partial cancellation/skipping the RRM measurement occasions should not be supported in Rel-19 RRM measurement enhancement.
Conclusion
In this contribution, the signaling control of scheduling restriction during measurement gap in support of XR services is discussed. We have the following proposals:
Proposal 1: The Alt.1: dynamic indication solution should not be supported in Rel-19 XR enhancement, because it requires the expected prediction of XR traffic arrival in the near future and is not realistic in providing the benefit of improving the system capacity for XR. 
Proposal 2: The Alt.2: semi-persistent solution should be down-selected, because it can introduce the additional signaling overhead to carry the activation and de-activation command without obvious advantage compared to the Alt 3: the semi-static solution.
Proposal 3: The Alt.3-3: semi-static solution should be supported for its less signaling overhead and simple implementation, in which gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
Proposal 4: The rule-based semi-static solution should NOT be supported, in which gaps/restrictions that are caused by RRM measurements are skipped under the certain condition.
Proposal 5: The partial cancellation/skipping the RRM measurement occasions should not be supported in Rel-19 RRM measurement enhancement.
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