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Introduction
In RAN#116 meeting, the agreements about enabling Tx/Rx in gaps/restrictions caused by RRM measurement are shown as follows [1].
	Agreement
Consider at least solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements.
· FFS: Other types of solutions.
· Whether or not/how to account for any UE assistance information/indication in addition to other information available at the network
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
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
· Alt. 4: Dynamic solution to adapt/change gap/SMTC configuration to enable TX/RX in gaps/restrictions that are caused by RRM measurements. 
· FFS: details
· Alt. 5: Rule-based solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements:
· FFS: details
Companies are encouraged to use the EVM in TR38.835 if they are submitting simulation results.



In this paper, we further discuss network controlled solutions and UE assistance information report. In Section 2, we analyze the potential solution(s) to enable Tx/Rx in gaps/restrictions and partial cancellation/skipping of gaps/restrictions.   
Network controlled solutions
Potential solutions to enable Tx/Rx in gaps/restrictions
According to [2], XR traffic is typically characterized by quasi-periodic arrival and variable/large packet size. Hence, potential collision between data transmission/re-transmission and gaps/restrictions may occur. As shown in Figure 1, XR packet #2 needs to be re-transmitted due to failure of initial transmission under poor channel condition, but the re-transmission time is overlapped with the measurement gap, then the re-transmission will be impacted.
[image: ]
Figure 1 Collision between re-transmission and one measurement gap.
In RAN1#116 meeting, companies were focused on discussing network controlled solutions, e.g., 5 alternatives of network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurement [1]. It deserves further discussion on how to select an alternative for improving XR capacity. For example, as for traffic of VR/AR DL video, there exists indeed problem of feasibility if chose semi-static solution. 
Once a semi-static enabled Tx/Rx pattern (MG occasions) is configured, possibly collision between XR traffic and gap/restriction (except enable Tx/Rx pattern) still occur. In another case, given a fixed enabled Tx/Rx pattern, if one relaxed MG occasion is not used for Tx/Rx, neither not performing RRM measurement, it results in waste of resource. In another words, that would have negative impact on measurement and system capacity as well. 
On the other hand, dynamic solution provides good flexibility to handle the abrupt collision between data transmission and gap/restriction. Since whether or not skip a gap/restriction can be indicated as per usage of each gap/restriction, it is also believed that dynamic solution better ensure the balance between measurement performance and system capacity.
While for XR traffic, such as pose/control, which is characterized by periodic and fixed packet size, dynamic solution is also suitable due to its flexibility, in this case, semi-static solution can be possibly applied without considering abrupt packet re-transmission.
In summary, comparison between dynamic solution and semi-static solution is listed in Table 1.
Table 1 Comparison between dynamic solution and semi-static solution in four aspects.
	Solution
	Scenario
	Feasibility
	Performance

	Dynamic solution
	VR/AR video transmission/reception
	Yes, and it has good flexibility
	Balance the measurement performance and capacity

	
	UL Pose/control transmission
	
	

	Semi-static solution
	VR/AR video transmission/reception
	NO. It cannot handle abrupt collision.
	Have negative impact on both measurement and capacity.

	
	UL Pose/control transmission
	Yes.
	OK.


To this end, we have the following proposal.
[bookmark: _Toc20755]Specify dynamic solutions to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements.
In our opinions, regarding dynamic solution, e.g., alternative 1 is straightforward. As depicted in Figure 2, a dynamic adjustment is indicated to enable Tx/Rx in next one or more gap(s)/restriction(s). 
[image: ]
Figure 2 Dynamic indication to enable Tx/Rx in next one or more gap(s)/restriction(s).
Moreover, the timeline of dynamic signaling should be considered. For instance, as shown in Figure 3, the DCI signaling is applied from an application delay after a reference time when DCI is received. For MAC CE signaling, the corresponding application time may start from an application delay after a time instant when HARQ-ACK for the PDSCH is transmitted.
[image: ]
Figure 3 Timeline consideration of dynamic signaling
Given the discussed timeline of indication, it seems that the delay for indicating to enable Tx/Rx in gap(s)/restriction(s) via DCI is shorter than the delay through MAC CE signaling. 
[bookmark: _Toc27285]The delay for indicating to enable Tx/Rx in gap(s)/restriction(s) via DCI is shorter than the delay through MAC CE signaling. 
[bookmark: _Toc14561]At least support Alt 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements.
In addition, the activating/deactivating delay for pre-MG is which was specified in RAN4 [3], may needs to be clarified and distinguished from the enhancement in AI 9.10.1. For example, for UE autonomous changing the Pre-MG status caused by some specific events, such as BWP switching, SCell activation/deactivation or RRC triggering, the activating/deactivating delay for pre-MG is 5ms [3].
For other alternatives, such as Alt 2 (semi-persistent solution), to our understanding, it is similar with activation/deactivation of Configured grant Type 2. In this case, the number of gaps/indications to be relaxed may be configured in RRC signaling firstly, and the dynamic signaling is used to activate/deactivate one of configurations, as illustrated in Figure 4, RRC signaling configures two measurement gaps can be skipped, and dynamic signaling enables/activates this configuration at one moment. Thus, the feasibility of this solution may highly depends on the RRC configuration. And also Alt 2 seems less flexible than Alt 1.
[image: ]
Figure 4 Illustration of Alt 2 semi-persistent solution
As for Alt 4, dynamic adaptation among current gap/restriction configuration. For instance, regarding the adaptation on SMTC periodicity e.g.,{5ms, 10ms, 15ms, 20ms, 40ms, 80ms, 160ms}, we think the adaptation among different SMTC configurations may encounter the same problem as semi-static solution. Therefore, we think Alt 4 should be de-prioritized.
[image: ]
Figure 5 Illustration of SMTC periodicity adaptation
[bookmark: _Toc1704]Further study the feasibility of Alt 2, and de-prioritize Alt 4.
Partially cancel/skip occasion of SMTC/restriction
In RAN1#116 meeting, fully cancellation/skipping for the occasion(s) of gaps/restrictions is agreed to be the baseline of enabling Tx/Rx, and partial cancellation/skipping needs further study [1].
Firstly, in case of scheduling availability in one example of current specification as below [3], when UE does not support simultaneousRxDataSSB-DiffNumerology and deriveSSB_IndexFromCell is enabled (which means the timing between serving cell and neighbor cell can be acquired), the specification is clear that at least for intra-frequency measurement without measurement gap or with NCSG, scheduling restriction is actually in symbol (SSB symbols) level. Then take one SMTC window for example, maybe first and second SSB bursts are to be measured, whereas third SSB burst is not to be measured. 
	Example of NR intra-frequency measurement without measurement gap
9.2.5.3.2	Scheduling availability of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1
For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to SS-RSRP/RSRQ/SINR measurement
-	If deriveSSB_IndexFromCell is enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the high layer signalling of smtc2 is configured (in TS 38.331 [2]), the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
<Omit>
9.2.5.3.3	Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
-	If deriveSSB-IndexFromCell is enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on K data symbol(s) before each consecutive SSB symbols to be measured and K data symbol(s) after each consecutive SSB symbols to be measured within SMTC window duration. 
<Omit>


Furthermore, legacy RRC signaling ssb-ToMeasure can indicate which SSBs UE should measured within the SMTC window, implying maybe partial SSBs in SMTC window are used for measurement, and there are scheduling restrictions for those SSBs. For example, as shown in Figure 6, SSB#0, SSB#1, SSB#3 is used for measurement, and there is scheduling restrictions on these SSB symbols to be measured. On the other hand, for SSB#2 symbols, there is no scheduling restrictions.
In our view, given different channel condition/ UE position/and random XR traffic, a dynamic way to indicate SSB symbols to be measured (with scheduling restriction) {e.g., SSB#0, SSB#1, SSB#3}, and SSB symbols not to be measured (without scheduling restriction) can potentially improve XR capacity. 
[image: ]
Figure 6 Legacy RRC signaling indicates SSB symbols to be measured

On the other hand, considering the timeline of dynamic solution to enable Tx/Rx in gap/restriction, if one part of gap/restriction does not satisfy the timeline requirement of the dynamic signaling, while remaining gap/restriction is after the application delay of the dynamic signaling, we think that the former part of gap/restriction can be retained for measurement and the other partial of gap/restriction can be canceled/skipped.
[bookmark: _Toc23978]The case where an occasion(s) of gap/restrictions that are caused by RRM measurements are canceled/skipped partially should not be excluded.
[bookmark: _Toc26577]Study how to support the case where an occasion(s) of SMTC/restrictions that are caused by RRM measurements are canceled/skipped partially.
[bookmark: _Toc29089][bookmark: _Toc29400][bookmark: _Toc525][bookmark: _Toc82]Assistance information report  
In current specification [4], measurement results can be reported to gNB. For example, for the intra/inter-frequency measurement, UE may report MeasResults in the message MeasurementReport to gNB. Basically network can get information of the quality of serving cell(s)/neighbour cell(s). For enabling Tx/Rx in gap/restriction, the necessity of additional assistance information may be considered. For instances, if UE is moving close to a neighbour cell, it likely need RRM measurement for preparing procedure of handover, with being aware of the movement information of UE, gNB knows not indicate UE to skip next MG/restriction.
[bookmark: _Toc27463]Support to report UE assistance information, including e.g., movement information of UE, for gNB’s implementation of indication/triggering. 
Last but not least, the assistance information is reported to the gNB so that gNB collects more knowledge for making rules/decision of indication/triggering. It is clarified this is not UE initiated solution.
Conclusion
In this contribution, we have the following observations/proposals:
Observation 1: The delay for indicating to enable Tx/Rx in gap(s)/restriction(s) via DCI is shorter than the delay through MAC CE signaling.

[bookmark: _GoBack]Proposal 1: Specify dynamic solutions to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements.
Proposal 2: At least support Alt 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements.
Proposal 3: Further study the feasibility of Alt 2, and de-prioritize Alt 4.
Proposal 4: The case where an occasion(s) of gap/restrictions that are caused by RRM measurements are canceled/skipped partially should not be excluded.
Proposal 5: Study how to support the case where an occasion(s) of SMTC/restrictions that are caused by RRM measurements are canceled/skipped partially.
Proposal 6: Support to report UE assistance information, including e.g., movement information of UE, for gNB’s implementation of indication/triggering.
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