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Introduction
[bookmark: _Ref494215420]In RAN#103, a revised WID for XR (eXtended Reality) was approved [1], and the objectives include enabling transmission/reception in gaps/restrictions for XR during RRM measurements, as shown below.
	· 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 this contribution, we present our opinions on enabling transmission/reception for XR during RRM measurements.
Discussion
Solutions based on network signalling 
In RAN1#116b, the solutions based on network signalling to enable transmission/reception in gaps/restrictions that are caused by RRM measurements has been discussed, and the following agreement was achieved [2].
	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;
· [bookmark: OLE_LINK114]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.
· [bookmark: OLE_LINK128]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: OLE_LINK130]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 solution (Alt. 1)
Dynamic solution provides the most flexible to skip the gaps/restrictions that are caused by RRM measurements, but it also suffer the most difficult implementation for UE. There are three alternatives in Alt.1 list in the above agreements. We share our preference as following:
[bookmark: OLE_LINK122]From our perspective, Alt 1-1 can be one candidate solution. It is with less specification impact to relax the scheduling restrictions caused by RRM measurements. gNB can send a DCI to skip a particular gap(s)/restriction(s), more specifically, this DCI can indicate to skip the next following gap(s)/restriction(s) after time offset, as shown in Figure 1. Because the periods of MG/restriction are typical long, such as tens of milliseconds. It is not realistic to predict the relaxation according to XR traffic arrival.  More details, the DCI format can be a scheduling DCI (e.g., 0_x/1_x) and used to indicate for one occasion. An extra field in the scheduling DCI can be used to indicate whether Tx/Rx is allowed in the next following gaps/restrictions.


Figure 1. An example of Alt 1-1.
For Alt 1-2, DCI indicate a time window where to skip a particular gap(s)/restriction(s), which means the skipped gap(s)/restriction(s) are limited to continuous ones. There is some concern on its feasibility, including how to configure this time window, how to make sure the MGs/restrictions in the time window can be relaxed or cannot be relaxed at same time. eIn addition, Alt 1-1 can achieve the same effect as Alt 1-2. Last, in case of the end of time window located in the middle of gap(s)/restriction(s), it is not clear whether or not to skip thisgap/restriction. In summary, Alt 1-2 has been covered by Alt 1-1 and it has more issues than other alternatives. So it can be removed.
For Alt 1-3, implicit indication of skipping the gap(s)/restriction(s), the main benefit of this solution is that may save the signaling overhead compared to explicit indication. However, it just applied to transmission/reception scheduling by DCI, others like SPS/CG is not applicable. It requires a specific DCI to schedule a PDSCH/PUSCH overlapping with MG. Furthermore, if the time offset between DCI and MG is long, there cannot be another scheduled after DCI and before the PUSCH/PDSCH according to current processing requirement. It leads to waste of resources. Especially, assuming time offset adopts 5ms in Rel-17 dynamic deactivation of preconfigured measurement gap, this is more serious.


[bookmark: OLE_LINK121]Figure 2. An example of Alt 1-3.
In comparison, Alt1-1 provides a more balanced solution, considering specification impact, scheduling restriction, and channel applicable.
[bookmark: OLE_LINK123]Proposal 1: Alt 1-1 can be one candidate solution, considering the following aspects:
a) Scheduling DCI formats can be used
b) A new field in DCI format to indicate the skipping
c) Only applicable to the next MG/restriction after time offset
Semi-persistent solution (Alt. 2)
Alt. 2 allows the network to signal a semi-persistent solution to enable Tx/Rx gaps/restrictions that are caused by RRM measurements. Alt 2-3 can be one candidate solution. 
For these three alternative, we believe that Alt 2-1/ Alt 2-1a can be considered as a special case of Alt 2-3. For example, using bit 0 represent to do measure in gaps/restrictions, while bit 1 represents to enable Tx/Rx in gaps/restrictions, if there is a pre-configured pattern with [111] via MAC-CE, which bring the same results with Alt 2-1, as shown in Figure 3. Similarly, Alt 2-1a can also be realized by Alt 2-3. In addition, for Alt 2-2, the benefit and motivation of Alt 2-2 is not clear to us. Therefore, we prefer Alt 2-3 for semi-persistent solution.


Figure 3. An example of Alt 2-1 and 2-3.
[bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK125]For Alt 2-3, a pre-configured pattern can be usable information of MG/restriction occasions in a time window. This time window can be periodic with fix length. After activate command, this pre-configured pattern applied for every MG/restriction occasions in each time window, extended with periodicity configuration, until de-activate command is received. In addition, usable information of MG/restriction occasions can be signaled by MAC-CE, too. 


Figure 4. An example of Alt 2-3.
Proposal 2: Alt 2-3 can be one candidate solution, considering the following aspects:
a) MAC-CE activate one or more of pre-configured pattern(s) to indicate occasions where Tx/Rx is prioritized over gap(s)/restriction(s)
b) [bookmark: OLE_LINK129]A configured pattern includes usable information of MG/restriction occasions in a time window
c) The time window is periodic with fix length
d) Usable information of MG/restriction occasions in a time window can be indicated by activation MAC-CE
Semi-static solution (Alt. 3)
For semi-static solution, Alt 3-1 is our preference, i.e., a skipping pattern(s) via RRC to indicate occasions where to skip gaps/restrictions can be semi-statically configured. gNB is aware of XR data to be delivered in both DL and UL, so it is a simple and straightforward way that gNB configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions, UE skips gaps/restrictions occasion based on gNB indication. For Alt 3-2, similar as Alt 2-2, the benefit and motivation of Alt 3-2 is also not clear to us. 


Figure 5. An example of Alt 3-1.
For Alt 3-3 and 3-4, Alt 3-4 is a special method of Alt 3-3, using priority information to define the particular Tx/Rx occasions. Both of these two alternatives will make the discussion more complex and bring significant spec. impact, so we recommend to remove Alt 3-3 and 3-4. 
Proposal 3: Alt 3-1 can be one candidate solution, considering the following aspects:
a) Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions;
b) A configured pattern includes usable information of MG/restriction occasions 
Timeline discussion
In RAN1#116b, we discussed the timeline related issues, and the following proposal is excerpt from [2]. Specifically, the indication should satisfy a minimum timeline for UE to prepare to transmit/receive during the gap(s)/restriction(s). The reference for the minimum time gap can be between the end of skipping command and the start of skipped measurement occasion, as shown in the Figure 6. 
	Consider a minimum time gap between the end of skipping command and the start of skipped measurement occasion. The exact value for the minimum time gap is FFS: 
· FFS: Re-use UE processing time for PDSCH or PUSCH;
· FFS: Re-use UL cancellation timeline;
· [bookmark: OLE_LINK120][bookmark: OLE_LINK118][bookmark: OLE_LINK119]FFS: Re-use the timeline for Rel-17 dynamic deactivation of preconfigured measurement gaps;
· FFS: Other values (e.g., 0.5 ms, 5 ms, etc).




Figure 6. An example of time gap.
For either DCI or MAC-CE based solutions, UE needs to receive the indication prior to the gap(s)/restriction(s) with a time gap satisfying the RF tuning requirement. Regarding the duration of timeline, from our point of view, the existing timeline values for Rel-17 dynamic deactivation of preconfigured measurement gaps can be reused. More details, in Rel-17, if the status of a preconfigured measurement gaps changes by an event, it shall take place at least 5 ms after the completion of the event. Similar timeline requirement can be applicable for DCI based solutions.
Proposal 4: Consider a minimum time gap between the end of skipping command and the start of skipped measurement occasion, Rel-17 dynamic deactivation of preconfigured measurement gaps can be reused.
UE assistance information
In RAN1#116b, whether or not to introduce new UE assistance information has been discussed, and the following agreement was achieved [2].
	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:
· [bookmark: OLE_LINK133]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.


For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, it is beneficial for UE to report UE assistance information to gNB. The reason is that RRM measurement is up to UE’s implementation, gNB does not have the prior information on gaps/restrictions used by UE for RRM measurement. With respect to the content of UE assistance information, among different types of UE assistance information that was proposed in the above agreement, we share our analysis as follows:
Firstly, it is essential to report UE assistance information related to measurement occasions to help gNB make more accurate decision to satisfy the RRM measurement requirement. For details, we need to discuss which gap(s)/restriction(s) can be skipped. 
· For the first two sub-bullet, i.e., the number of needed measurement gaps/SMTC with restrictions within a time period and the maximum number or ratio of MGs/SMTC with restrictions that can be skipped within a time period are same, and just need to keep one of them. That is to say, UE report the (minimum) number of gap(s)/restriction(s) that needed to do measure, or the maximum number of gap(s)/restriction(s) that can be skipped within a time period, which can be accept by UE to meet the RRM measurement requirement.
· [bookmark: OLE_LINK132]For the third sub-bullet, i.e., the number of required SSBs within a time period, it is more likely to keep the possibility that partially skip a MG or SMTC with restrictions. In addition, legacy RRC signaling ssb-ToMeasure can indicate which SSBs UE should measured within the SMTC window, it is not clear of the benefit for UE to report the number of required SSBs within a time period, so we suggest to remove it.
· For the forth and the fifth sub-bullet, i.e., the number of consecutive RRM measurements that can be skipped and the maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements are same, too.  One of them can be kept for further discussion.
· For the last sub-bullet, UE report the patterns of gap(s)/restriction(s) where skipping is feasible or acceptable, it is unacceptable as UE needs to report all types of patterns that are not supported, which leads to less flexibility and significant overhead. Additionally, the combination of one of the first two sub-bullet and one of the forth and the fifth sub-bullet, e.g., the first and fourth sub-bullet, can serve as an alternative solution to the last sub-bullet, with more flexibility.
[bookmark: OLE_LINK134]Secondly, other UE assistance information: (i) related to channel conditions; (ii) related to traffic; (iii) related to UE mobility, all three types shall be carefully assessed. As these types are involved in high layer information, so it is more suitable to discuss these information in RAN2 rather than in RAN1 group.
Moreover, with respect to how often the UE assistance information transmitted by the UE, one shot reporting for UE assistance information related to measurement occasions is enough.
Based on the above analysis, we give the following proposal:
Proposal 5: Introduce one-shot 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 related to measurement occasions are considered for further discussion:
a) The number of needed measurement gaps/SMTC with restrictions within a time period; 
b) [bookmark: _GoBack]The number of consecutive RRM measurements that can be skipped;
Conclusion
In this contribution, we discuss on enabling transmission/reception in gaps/restrictions for XR during RRM measurements. The following observation and proposal are achieved:
Proposal 1: Alt 1-1 can be one candidate solution, considering the following aspects:
a) Scheduling DCI formats can be used
b) A new field in DCI format to indicate the skipping
c) Only applicable to the next MG/restriction after time offset

Proposal 2: Alt 2-3 can be one candidate solution, considering the following aspects:
a) MAC-CE activate one or more of pre-configured pattern(s) to indicate occasions where Tx/Rx is prioritized over gap(s)/restriction(s)
b) A configured pattern includes usable information of MG/restriction occasions in a time window
c) The time window is periodic with fix length
d) Usable information of MG/restriction occasions in a time window can be indicated by activation MAC-CE

Proposal 3: Alt 3-1 can be one candidate solution, considering the following aspects:
a) Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions;
b) A configured pattern includes usable information of MG/restriction occasions 

Proposal 4: Consider a minimum time gap between the end of skipping command and the start of skipped measurement occasion, Rel-17 dynamic deactivation of preconfigured measurement gaps can be reused.
Proposal 5: Introduce one-shot 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 related to measurement occasions are considered for further discussion:
a) The number of needed measurement gaps/SMTC with restrictions within a time period; 
b) The number of consecutive RRM measurements that can be skipped;
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