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1. [bookmark: _Toc120549591]Introduction
In RAN#102 meeting, the New WID: XR (eXtended Reality) for NR Phase 3 [1] was approved, including the following objectives of enhancements to enable TX/RX for XR during RRM measurements: 
· [bookmark: _Hlk157093345]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]
The last RAN1#116bis meeting confirmed the working assumption made in RAN1#116, which indicates that RAN1 will identify unified solution(s) to enable Tx/Rx in gaps/restrictions caused by RRM measurements and it’s up to RAN4 to discuss which type of gaps/restrictions caused by RRM measurements can be skipped. The corresponding agreement is as the following [2].
	Agreement
Confirm the working assumption from RAN1 #116 with updates:
· RAN1 aims to develop/identify solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements agnostic in RAN1 normative work to types of gaps/restrictions that are caused by RRM measurements.
· It is up to RAN4 to discuss which type of gaps/restrictions caused by RRM measurements can be cancelled/skipped
· Note: UE features related to the developed solution(s) is a separate discussion


Besides, the last RAN1 meeting discussed more details about the UE assistance information and the solutions based on triggering/enabling by network signaling. In this contribution, we will further discuss the candidates of UE assistance information and solutions based on triggering/enabling by network signaling.
2. Solutions to enable Tx/Rx in gaps/restrictions
The last RAN1 meeting mainly discussed the solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements and made the following agreement for down-selection [2].
	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.


The alternative solutions listed in the above agreement are categorized into dynamic solution (Alt. 1), semi-persistent solution (Alt. 2), and semi-static solution (Alt. 3). In this section, we’d like to provide our views on these alternative solutions.
Firstly, for the semi-static solution, the occasions of gaps/restrictions to be skipped are configured by RRC signaling. When the network needs to modify the occasions of gaps/restrictions to be skipped, RRC reconfiguration is needed, which costs a relatively large delay. While for the dynamic solution and semi-persistent solution, some faster signaling, i.e., DCI and MAC CE are used to indicate the occasions of gaps/restrictions to be skipped. Considering Alt. 3 has the least flexibility of configuration among the above alternatives, we recommend to deprioritize Alt. 3.
The semi-persistent solutions in Alt. 2 provide more flexibility than Alt. 3 by using the activation/deactivation MAC-CE command. However, as illustrated in Figure 1, the first three sub-alternatives in Alt. 2 will lead to consecutive skipped gaps/restrictions. If the number of consecutive skipped gaps/restrictions is large, the RRM measurement and mobility performance will be negatively impacted. Different from the first three sub-alternatives, Alt. 2-3 activates/de-activates one or more of pre-configured pattern(s) via MAC-CE, where the pre-configured patterns can indicate non-consecutive occasions of gaps/restrictions to be skipped. Since the patterns are configured via RRC signaling, this solution is more suitable for the semi-statically configured quasi-periodic transmission/reception.


Figure 1. Illustration of Alt. 2-1, Alt. 2-1a, and Alt. 2-2
Alt. 1 is the most flexible and dynamic solution and three sub-alternatives of Alt. 1 are provided, that is,
· 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).
Among these sub-alternatives, Alt. 1-3 has obvious limitations on the types of Tx/Rx that can be enabled in gaps/restrictions caused by RRM measurements. Since the skipping of gap(s)/restriction(s) is implicitly indicated by the DCI that schedules a transmission/reception, the types of Tx/Rx that can be enabled in gaps/restrictions are limited to the dynamically scheduled Tx/Rx. From this perspective, Alt. 1-3 should be deprioritized first.
In Alt. 1-2, a time window is indicated via DCI and there are several issues should be considered, e.g., how to indicate a time window in the DCI, whether the duration of the time window is constant or variable, whether/how to define a time offset between the DCI and the indicated time window, etc. Compared to Alt. 1-1, the potential benefit of Alt. 1-2 is that more than one gaps/restrictions can be skipped via the indication in DCI. However, considering that the minimum repetition period of MG is 20ms, if more than one gaps are cancelled by a DCI indication, it implies that Tx/Rx is enabled in the following tens of milliseconds. Since it may be difficult for the network to predict the data scheduling in the future tens of milliseconds, it seems more reasonable to skip one gap/restriction in a DCI indication. In summary, Alt. 1-2 does not show any convincing benefit over Alt. 1-1. 
For Alt. 1-1, a 1-bit field in the scheduling DCI can be used to indicate whether the next gap/SMTC with restriction is skipped or not. Although such a dynamic indication is more applicable to dynamically scheduled Tx/Rx, it also can be applied in the scenarios of semi-statically configured Tx/Rx, in which a dummy DCI can be considered to carry the skipping indication. Besides, considering the time duration required for UE to receive and decode the DCI, a timeline requirement should be defined for the DCI indication and the indicated gap/restriction. To be specific, the bit in the DCI field is associated with the earliest gap/restriction satisfying the timeline requirement and starting after the ending symbol of the PDCCH carrying the bit-field. 
From the above analysis, we support to prioritize Alt. 1-1 and Alt. 2-3, which can be used for dynamically scheduled and semi-statically configured Tx/Rx respectively. 
[bookmark: _Hlk165728299]Proposal 1. For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, support the following alternatives:
· Alt. 1-1: Explicit indication by DCI to skip a particular gap/restriction;
· 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).
Proposal 2. For Alt. 1-1: Explicit indication by DCI to skip a particular gap/restriction, the DCI indication should satisfy a timeline requirement with respect to the indicated gap/restriction.
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3. UE assistance information
The last RAN1 meeting also discussed 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 and made the following agreement.
	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.


As shown in the agreed proposal, four types of UE assistance information are considered, that is,
· UE assistance information related to measurement occasions;
· UE assistance information related to channel condition;
· UE assistance information related to traffic;
· UE assistance information related to UE mobility.
Among these types of UE assistance information, we recommend to prioritize the first one, i.e., UE assistance information related to measurement occasions because the measurement behavior is up to the UE implementation/capability and the network has no knowledge about the UE capability of measurement according to the current specification. While for the other types of UE assistance information, the network could acquire the information related to channel conditions, traffic, and UE mobility more or less as per the current specification.
Furthermore, regarding the content of UE assistance information related to measurement occasions, six alternatives are provided, including
· Alt. 1: the number of needed measurement gaps/SMTC with restrictions within a time period; 
· Alt. 2: the maximum number or ratio of MGs/SMTC with restrictions that can be skipped within a time period;
· Alt. 3: the number of required SSBs within a time period;
· Alt. 4: the number of consecutive RRM measurements that can be skipped;
· Alt. 5: the maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements;
· Alt. 6: the patterns of gap(s)/restriction(s) where skipping is feasible or acceptable.
Among the above alternatives, Alt. 6 should be deprioritized first considering its limitations in application to DL traffic. Since UE has no knowledge of the DL scheduling decision at the network side, it is not reasonable for UE to report the patterns of gaps/restrictions where skipping is feasible. 
Then, it can be found that Alt. 5 is equivalent to Alt. 4 because the maximum interval between two consecutively reserved gap/restriction occasions can be derived from the maximum number of consecutive RRM measurements that are skipped according to the configuration of RRM measurements. Examples of Alt. 4 and Alt. 5 are shown in Figure 2, indicating that reporting the number of consecutive MGs that can be skipped is 3 is equivalent to reporting the maximum interval between two consecutively reserved MGs is 80ms given the repetition period of MG is 20ms.


Figure 2. Examples of Alt. 4 and Alt. 5 of UE assistance information
For Alt. 3, the number of required SSBs within a time period is more useful in the case of partial skipping. However, considering only full skipping is on the table at this stage, we also recommend to deprioritize Alt. 3.
For Alt. 2, we fail to see the benefit of reporting the ratio rather than the maximum number of MGs/SMTC with restrictions that can be skipped within a time period. So, Alt. 2 can be simplified as the maximum number or ratio of MGs/SMTC with restrictions that can be skipped within a time period. For example, assuming the number of MGs required to satisfy the RRM measurement requirement is at most P within a time period, a capable UE who only requires Q<P MGs could report that the maximum number of MGs that can be skipped is P-Q. From this example, it also can be found that Alt. 2 is equivalent to Alt. 1 because the maximum number of MGs/SMTC with restrictions that can be skipped within a time period can be derived from the number of needed MGs/SMTC with restrictions within a time period.
Besides, in Alt. 2, the MGs/SMTC with restrictions also can be limited to consecutive ones, so Alt. 4/5 is implicitly included in Alt. 2. 
[bookmark: _Hlk165724521]According to the above analysis, for the UE assistance information related to measurement occasions, we support Alt. 2 or Alt. 1. With the UE assistance information related to measurement, the network can make reasonable decisions to trigger/enable Tx/Rx in MGs/SMTC with restrictions without severely impacting the RRM measurement performance. 
In addition, another issue that should be discussed is how UE reports the measurement-related assistance information. Considering the information depends on the UE capability and channel quality which may not change so frequently, a MAC CE or RRC signalling can be considered without the Layer 1 signalling design.
[bookmark: _Hlk162798419]Proposal 3. Support to introduce new UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. At least consider the following UE assistance information related to measurement occasions:
· The maximum number of MGs/SMTC with restrictions that can be skipped within a time period.
Finally, how to trigger the UE reporting also should be discussed. One option is that the UE reporting is triggered by a network request, while the other one is that the time occasions of reporting is based on some pre-defined conditions, e.g., as the variation of channel conditions, the number of MGs/SMTC windows required for measurement may change and UE could report the updated information to gNB. For option 1, the specification of interaction between gNB and UE is necessary. And for Option 2, the UE assistance information procedure can be reused.
Proposal 4. Regarding how/when UE reporting of measurement information, consider the following two options:
· Option 1: Triggered by the network request.
· Option 2: Based on pre-defined conditions.
4. Conclusions
In this contribution, we discuss the UE assistance information related to measurement occasions and the solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. The following proposals are made.
Proposal 1. For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, support the following alternatives:
· Alt. 1-1: Explicit indication by DCI to skip a particular gap/restriction;
· 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).
Proposal 2. For Alt. 1-1: Explicit indication by DCI to skip a particular gap/restriction, the DCI indication should satisfy a timeline requirement with respect to the indicated gap/restriction.
Proposal 3. Support to introduce new UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. At least consider the following UE assistance information related to measurement occasions:
· The maximum number of MGs/SMTC with restrictions that can be skipped within a time period.
Proposal 4. Regarding how/when UE reporting of measurement information, consider the following two options:
· Option 1: Triggered by the network request.
· Option 2: Based on pre-defined conditions.
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