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Introduction
In this paper, we further discuss network controlled solutions and the reporting of UE assistance information. In Section 2, we analyze the potential solution(s) to enable Tx/Rx in gaps/restrictions. This includes examining the impact of time offsets and elaborating the partial cancellation/skipping of gaps/restrictions.   
Network controlled solutions
In RAN1#116bis meeting, there was an agreement about the potential network controlled solutions [1].
	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 to enable Tx/Rx in particular gap(s)/restriction(s)
There are three candidate schemes for alternative 1. Specifically, the understanding of each scheme is discussed.
For Alt 1-1, i.e. explicit indication by DCI to skip a particular gap(s)/restriction(s), one simple way is to introduce one-bit field in DCI signaling to indicate the cancellation of next gap/restriction. For example, the bit ‘1’ in the bit field indicates the gap/restriction is skipped and enable Tx/Rx, while the bit ‘0’ indicates that the gap/restriction is not skipped and proceed measurement. Furthermore, considering the scenario where an indication is given to skip a measurement gap, it is likely that there will be at least one DCI signaling to indicate whether or not to skip the measurement. This concept is depicted in Figure 1.
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Figure 1: Example 1 of explicit indication by DCI to skip a particular gap(s)/restriction(s)
Another example of Alt 1-1 is to indicate to skip multiple gaps/restrictions by DCI signaling. For instance, when considering the indication to skip multiple measurement gaps, there are two potential approaches. The first approach involves a single DCI signaling that employs a bitmap to represent up to N (e.g., N = 3) measurement gaps which is to be canceled. This method offers the flexibility to selectively skip individual measurement gaps. Another approach uses a single-bit flag within the DCI signaling to indicate the skipping of up to N measurement gaps, thereby resulting in the simultaneous skipping of all the indicated measurement gaps. 
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Figure 2: Example 2 of explicit indication by DCI to skip a particular gap(s)/restriction(s)
Based on the analysis of Alt 1-1, the primary impact on the specification is observed in the design of new bit fields. If new DCI format is considered, it would necessitate a corresponding redesign of the DCI signaling framework.
To this end, we have the following proposals:
[bookmark: _Toc16809]Support to specify Alt 1-1, i.e., explicit indication by DCI to skip a particular gap(s)/restriction(s) including, 
· [bookmark: _Toc16319]The new bit field design in DCI signaling
· [bookmark: _Toc5291]FFS: whether new DCI format is considered. 
Based on our understanding to Alt 1-2, DCI signaling can be explicitly utilized to indicate a specific time window for skipping certain gaps/restrictions which fall into this time window. This application of DCI signaling can either trigger the time window for such skipping actions or directly indicate the time domain location of time window, including e.g., the starting position and length of the time window.
Regarding these two options, for the first one, the time domain location of time window, including e.g., the starting position and length of the time window, is configured by RRC signaling. The new one-bit field is used to trigger the activation of this time window, as illustrated in Figure 3.
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Figure 3: Example of explicit indication by DCI to indicate a time window
From the perspective of the second option, the starting position and length of the time window are determined by additional DCI bit fields. Following the preceding analysis, the primary areas of specification impact are identified as the configuration of time windows and the design of new bit fields within DCI signaling.
Hence, we have the following proposal:
[bookmark: _Toc17994]Support to specify Alt 1-2, i.e., explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s), including: 
· [bookmark: _Toc1650]The configuration of the time window
· [bookmark: _Toc21597]New bit field design in DCI signaling
· [bookmark: _Toc22311]FFS: whether new DCI format is considered.
Alternative 1-3 demonstrates the use of implicit indication in scenarios where DCI schedules a DL/UL transmission that coincides with a gap/ restriction, thereby allowing the skipping of such gaps/restrictions. This approach is effective when the DCI is used to schedule a DL/UL transmission in subsequent slots, a technique known as cross-slot scheduling, which overlaps with a gap/restriction in the time domain. Nevertheless, in cases of normal scheduling, where the DCI and PDSCH/PUSCH occur within the same slot, the implicit indication strategy has problems for data transmission or reception. This is because the UE may not expect to receive the PDCCH or data, when the PDCCH/data overlaps with a gap/ restriction.
[bookmark: _Toc539]Do not support Alt 1-3, i.e., implicit indication by DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s).
Moreover, for the solutions that indicate multiple gap(s)/restriction(s), it is necessary to discuss whether the indicated gaps/restrictions belong to one configuration or multiple configurations. For example, assuming a UE is configured by one measurement gap and one SMTC window and the DCI signaling is configured to indicate 3 gaps/restrictions, the DCI signaling indicates either only the configuration of measurement gap or only the configuration of SMTC window, as illustrated in Figure 4.
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Figure 4 DCI indicates multiple gaps/restrictions in a single configuration
In an alternative approach, the DCI signaling indicates the configurations of both measurement gap and SMTC window, as depicted in Figure 5.
[image: ]
Figure 5 DCI indicates multiple gaps/restrictions in multiple configurations
To this end, we have the following proposal:
[bookmark: _Toc15478]DCI signaling indicates gaps/restrictions belonging to one configuration or multiple configurations should be considered.
Semi-persistent solution to enable Tx/Rx in gap(s)/restriction(s)
There are four candidate schemes for semi-persistent solutions to enable Tx/Rx in gaps/restrictions.
In the context of Alternative 2-1, it is assumed that gaps/restrictions are configured and active, the gNB transmits a skipping activation command via the MAC CE signaling. Consequently, the UE is instructed to skip the active gaps/restrictions. Following the execution of this skip, the UE then re-enables the previously activated gaps/ restrictions after it has received and responded to the measurement gap activation command.
In the scenario of Alternative 2-1a, we assume that gaps/restrictions are initially deactivated. When the gNB issues a measurement activation command through the MAC CE signaling, the UE subsequently activates these gaps or restrictions. This implies that the previously deactivated gaps/restrictions are now available for measurement.
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Figure 6 Example of MAC CE signaling indication
Based on the considerations above, the primary specification impact pertains to the design of MAC CE signaling. It is noted that this impact is within the scope of RAN2, with no significant implications for RAN1 across the two discussed alternatives.
For Alt 2-2, MAC CE signaling is able to be used for the time window triggering, where the time window is configured by RRC signaling. For example, in Figure 7, a periodic time window is configured by RRC signaling, and MAC CE signaling is used for triggering the configuration of time window.
[image: ]
Figure 7 Example of Alt 2-2.
[bookmark: _Toc7219]Support Alt 2-1, Alt 2-1a and Alt 2-2 for semi-persistent solutions to enable Tx/Rx in gaps/restrictions. And it depends on RAN2 to design details of MAC CE signaling.  
Moreover, same as the solutions in Alt 1, for the solutions that indicate multiple gap(s)/restriction(s), it is necessary to discuss whether the indicated gaps/restrictions belong to one configuration or multiple configurations. 
[bookmark: _Toc20285]MAC CE signaling indicates gaps/restrictions belonging to one configuration or multiple configurations should be considered.
Semi-static solution to enable Tx/Rx in gap(s)/restriction(s)
Upon configuring a semi-static pattern, defined as a pattern of gap/restriction occasions that are to be canceled, there remains a potential for collisions between XR traffic and gaps/restrictions, with the exception of the skipped gap/restriction occasions. For instance, with a fixed pattern, if a configured skipped gap/restriction occasion is neither utilized for Tx/Rx nor for RRM measurements, it can lead to an inefficient use of resources. In other words, this scenario could have negative effects on both the efficiency of RRM measurements and the overall system capacity.
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 ensures better balance between measurement performance and system capacity.
For traffic of UL pose/control, which is characterized by periodic nature and fixed packet size, a dynamic solution remains a viable option due to its inherent flexibility. And a semi-static solution could also be applicable in such scenario.
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: _Toc846]Do not support the Alt 3, i.e., Semi-static solution to enable Tx/Rx in gap(s)/restriction(s).
Time offset for the signaling for enabling Tx/Rx in gap(s)/restriction(s)
In this section, the timeline of dynamic signaling is considered. For instance, as shown in Figure 8, the DCI signaling is applied a time offset after a reference time when DCI is received. For MAC CE signaling, the corresponding application time may start from a time offset after a time instant when HARQ-ACK for the PDSCH is transmitted.
[image: ]
Figure 8 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: _Toc7821]The delay for indicating to enable Tx/Rx in gap(s)/restriction(s) via DCI is shorter than the delay through MAC CE signaling. 
Moreover, during the RAN1#116bis meeting, several discussions were held concerning time offsets. From our viewpoint, the activation and deactivation delays associated with the pre-Measurement Gap (pre-MG), as outlined in RAN4 [3], require clarification. These delays should be clearly differentiated from the enhancements detailed in AI 9.10.1. Furthermore, the introduction of a larger time offset across all alternatives could potentially affect the transmission and reception of delay-critical packets. While considering worst-case scenarios, it might be evident that larger time offset values is taken into account. Consequently, we propose the introduction of two distinct UE capabilities to accommodate both small and large time offsets. This approach aligns with the Physical layer's UE processing time.
[bookmark: _Toc29629]RAN1 discusses two UE capabilities to accommodate both small and large time offsets.
Partially cancel/skip occasion of gap/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].
As per the discussion during the RAN1#116bis meeting, both dynamic and semi-persistent solutions are likely to be supported. Consequently, the implementation of partial skipping can be explored as an enhancement to either the dynamic or semi-persistent approach.
Firstly, in case of scheduling availability in TS 38.133 [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 indicates 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. 
Furthermore, legacy RRC signaling ssb-ToMeasure can indicate which SSBs UE should measure 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 9, 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 9 Legacy RRC signaling indicates SSB symbols to be measured
As a result, based on the Alt 1-1, when the bit field in DCI indicates the skipping of gap/restriction, UE processes measurement with a predefined pattern of SSB indexes within a gap/restriction. Alternatively, when the bit field in DCI indicates NOT skipping the gap/restriction, UE processes measurement with a predefined pattern of SSB indexes within a gap/restriction. 
[bookmark: _Toc24571]RAN1 continues to discuss the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially. At least the following alternatives is considered for further study:
· [bookmark: _Toc30804]Alt 1-1a: UE processes measurement with a predefined pattern of SSB indexes within a gap/restriction when the bit field in DCI indicates the skipping of gap/restriction
· [bookmark: _Toc5887]Alt 1-1b: UE processes measurement with a predefined pattern of SSB indexes within a gap/restriction when the bit field in DCI indicates not skipping of gap/restriction.
[bookmark: _Toc29089][bookmark: _Toc525][bookmark: _Toc29400][bookmark: _Toc82]Assistance information report  
In RAN1#116bis meeting, the agreement about UE assistance information is shown as follows:
	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


For enabling Tx/Rx in gap/restriction, the necessity of additional assistance information is discussed. For instances, if UE is moving close to a neighbour cell, it likely needs RRM measurement for preparing procedure of handover, with being aware of the movement information of UE, gNB knows not indicate UE to skip next gap/restriction.
Hence, UE mobility information is important for gNB when making decisions and providing indications regarding triggering mechanisms. In Release 17, a mechanism concerning relaxing measurement based on mobility evaluation has been established, wherein the UE reports Layer 3 RSRP, and a relaxed measurement criterion is applied to Redcap UE. In our view, extending this feature to XR devices in Rel-19 would be advantageous and is expected to have a minimal impact on the existing specifications.
[bookmark: _Toc18186]Extend the feature of reporting L3 parameters related to mobility to XR devices in Rel-19. 
Lastly, it has been clarified that this approach is not initiated by the UE. Furthermore, we anticipate that the frequency of report of the UE assistance information will be relatively low. Consequently, it is proposed that this information could be effectively communicated through the use of User Assistance Information (UAI).
[bookmark: _Toc2359]The assistance information can be reported by User Assistance Information.
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.

Proposal 1: Support to specify Alt 1-1, i.e., explicit indication by DCI to skip a particular gap(s)/restriction(s) including,
• The new bit field design in DCI signaling
• FFS: whether new DCI format is considered.
Proposal 2: Support to specify Alt 1-2, i.e., explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s) , including:
• The configuration of the time window
• New bit field design in DCI signaling
• FFS: whether new DCI format is considered.
Proposal 3: Do not support Alt 1-3, i.e., implicit indication by DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s).
Proposal 4: DCI signaling indicates gaps/restrictions belonging to one configuration or multiple configurations should be considered.
Proposal 5: Support Alt 2-1, Alt 2-1a and Alt 2-2 for semi-persistent solutions to enable Tx/Rx in gaps/restrictions. And it depends on RAN2 to design details of MAC CE signaling.
Proposal 6: MAC CE signaling indicates gaps/restrictions belonging to one configuration or multiple configurations should be considered.
Proposal 7: Do not support the Alt 3, i.e., Semi-static solution to enable Tx/Rx in gap(s)/restriction(s).
Proposal 8: RAN1 discusses two UE capabilities to accommodate both small and large time offsets.
Proposal 9: RAN1 continues to discuss the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially. At least the following alternatives is considered for further study:
• Alt 1-1a: UE processes measurement with a predefined pattern of SSB indexes within a gap/restriction when the bit field in DCI indicates the skipping of gap/restriction
• Alt 1-1b: UE processes measurement with a predefined pattern of SSB indexes within a gap/restriction when the bit field in DCI indicates not skipping of gap/restriction.
Proposal 10: Extend the feature of reporting L3 parameters related to mobility to XR devices in Rel-19.
Proposal 11: The assistance information can be reported by User Assistance Information.
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