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Introduction
In the RAN1 #116bis meeting, enabling TX/RX for XR during RRM measurements in XR Enhancements for NR was discussed. The moderator recommended to discuss the following issues among others in the contributions to facilitate discussion during the next meeting RAN1#117 [1]:
	· [bookmark: _Hlk166043638]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:
· For the next contributions to RAN1#117 it is kindly recommended to indicate preferred alternative and sub-alternative(s) from the list agreed during RAN1#116bis and provide more details of the solution(s) in Tdocs. If there is a particular combination considered as prefered solution, the details of this combination shall be provided. It is also recommended that when providing a preferred alternative, benefits over other alternatives that were agreed for further down-selection are discussed. Any other items (e.g., signalling overhead, complexity, specification impact, etc) related to the solutions are also beneficial.
· For UE assistance information:
· For the next contributions to RAN1#117 it is kindly recommended to provide view related to UE assistance information (benefits, drawbacks, etc.) taking into account the information agreed during RAN1#116bis.
· Any other issues related to the objective.


In this contribution, we provide our views on these issues to continue the discussion on enabling TX/RX for XR during RRM measurements.
Discussion
Network-controlled solutions
Semi-static RRC-based indication
In the network-controlled semi-static indication approach (Alt. 3), the network leverages an a priori knowledge in terms of, e.g., periodicity of the XR traffic, jitter, packet delay budget, QoS requirements, etc., to semi-statically configure a pattern of MG occasions which can be deactivated to enable Tx/Rx of XR traffic. Typically, a bitmap consisting of 0 and 1 is used to indicate the MG occasions which are deactivated and activated, respectively.
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[bookmark: _Ref166392003]Figure 1: Example of semi-static RRC-based MG activation/deactivation approach.
This pattern does not have to be periodic and can be irregular, as shown in Figure 1. The gNB can indicate to the UE a pre-configured pattern without having to specify the activation/deactivation state of each MG occasion within the pattern. The timeline of the signaling may not be critical and does not need to be very fast, such that can be realized via RRC.
The advantages and disadvantages of this approach are listed in Table 1:
[bookmark: _Ref166392631]Table 1: Advantages/disadvantages of the semi-static RRC-based MG activation/deactivation approach.
	Pros:
	Cons:

	· Well suited to periodic XR traffic:
· Overlap (full or partial) between MG occasions and XR traffic can be avoided,
· Does not depend on transmission of a command:
· Processing timeline is less critical,
· No need for retransmission if command is not received or successfully decoded,
· Robust to jitter,
· Can account for the DRX,
· Limited signaling overhead, especially if the pattern is (pre-)configured.
	· Less flexibility, especially if the pattern is (pre-)configured.


Observation 1:	Semi-static indication of MG occasions using RRC signaling is well adapted to the predicable XR traffic and to its characteristics.
Proposal 1:	As baseline solution, support Alt. 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip MGs/restrictions.
[bookmark: _Ref166420257]Semi-persistent MAC CE-based indication
As an alternative, the network-controlled semi-persistent indication approach (Alt. 2) can be considered. In that case, the idea is to transmit an activation command to apply a pattern of MG occasions which can be skipped to enable Tx/Rx of XR traffic, and later a deactivation command to release the skipping. MAC CE signaling can be used for that purpose, an example of which is provided in Figure 2. Upon receiving the activation command, the MG occasions will be deactivated according to the received (pre-)configured pattern, until the deactivation indication is received.
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[bookmark: _Ref166397652]Figure 2: Example of semi-persistent MAC CE-based MG activation/deactivation approach.
However, it may happen that the UE cannot decode successfully the PDSCH with only the initial transmission. Further retransmission may in that case be necessary, and the MAC CE command may therefore be received too late regarding the MG activation/deactivation timeline.
Proposal 2:	Further study the impact of missing a retransmission of the MAC CE-based MG activation/ deactivation timeline.
To avoid any incorrect behavior, the MGs are considered as activated by default until the UE receives the MAC CE command or the network receives the HARQ-ACK about the PDSCH (carrying the MAC CE) reception.
Proposal 3:	To avoid any misunderstanding between gNB and the UE about whether MG occasions are deactivated or not, MG occasions are considered by default as activated until UE receives the MAC CE command or network receives the HARQ-ACK about the PDSCH reception.
Given the advantages and disadvantages of this approach listed in Table 2, it is clear that this approach can be used only as a complement of the baseline semi-static one, on a shorter time scale to be more reactive, e.g., to sudden changes in the channel conditions.
[bookmark: _Ref166395835]Table 2: Advantages/disadvantages of the semi-persistent MAC CE-based MG activation/deactivation approach.
	Pros:
	Cons:

	· Well suited to periodic XR traffic:
· Overlap (full or partial) between MG occasions and XR traffic can be avoided,
· More flexible than the semi-static approach.
	· Frequent activation/deactivation command:
· Larger signaling overhead,
· Retransmission necessary if command is not received or successfully decoded,
· Sensitive to jitter,
· Processing timeline needs to be considered.


Observation 2:	The semi-persistent signaling approach may offer more flexibility in the indication of the MG occasions that can be deactivated, but it may also be more sensitive to the XR traffic characteristics. There is no strong motivation to support semi-persistent signaling as a standalone solution.
Proposal 4:	In combination with the baseline RRC-based solution, support 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).
[bookmark: _Hlk166414737]The transmission of the MAC CE activation/deactivation command shall happen sometime before the start of the first MG to be deactivated to give time to the UE to react accordingly. In particular, when a UE receives a MG deactivation MAC CE command in a PDSCH in slot , the UE can complete the MG deactivation no earlier than in slot , where:
·  is the slot index indicated for PUCCH transmission with HARQ-ACK information about the PDSCH (carrying the MAC CE) reception,
·  is the corresponding timing (in milliseconds),
·  is the number of slots per subframe for the SCS configuration  of the PUCCH transmission.
The timeline of the MG deactivation MAC CE command is shown in Figure 3.
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[bookmark: _Ref166361069]Figure 3: Timeline of the MG activation/deactivation MAC CE command.
The slot containing the first MG to be deactivated is considered as the reference slot of the MAC CE command timeline. In that case, the MG deactivation MAC CE command must be received at most  slots earlier.
Observation 3:	The MG activation/deactivation MAC CE command must be received at most  slots before the first MG to be deactivated. The activation/deactivation command takes effect in the first MG occasion after the completion of the event.
[bookmark: _Hlk166422898]Dynamic DCI-based indication
The network may also use DCI indication to dynamically deactivate particular MG occasions that are caused by RRM measurements. The motivation is that the network may be able to decide on short notice, “on-the-fly”, which MG occasions can be deactivated to enable Tx/Rx of XR traffic and to meet the UE QoS requirements. Hence, the signaling has to be very fast and can be realized via DCI. Several solutions have been discussed during the last meeting, and we prefer the indication to be explicit, with the DCI containing a bitmap the MG occasions which are deactivated and activated, as shown for example in Figure 4.
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[bookmark: _Ref166416234]Figure 4: Example of dynamic DCI-based MG activation/deactivation approach.
However, similar to what has been described in Section 2.1.2 for semi-persistent indication based on MAC CE, it may happen that the UE cannot decode successfully the PDCCH carrying the DCI activation/deactivation command, with only the initial transmission. Further retransmission may in that case be necessary, and the DCI command may therefore be received too late regarding the MG activation/deactivation timeline.
Proposal 5:	Further study the impact of missing a retransmission of the DCI-based MG activation/ deactivation timeline.
Given the advantages and disadvantages of this approach listed in Table 3, it is clear that this approach can be used only as a complement of the baseline semi-static one and as an alternative to the semi-persistent one, on a shorter time scale to be more reactive, e.g., to sudden changes in the channel conditions.
[bookmark: _Ref166416443]Table 3: Advantages/disadvantages of the dynamic DCI-based MG activation/deactivation approach.
	Pros:
	Cons:

	· More flexible than both the semi-static and semi-persistent approaches:
· Network can quickly react to changes in the channel/cell conditions.
	· More frequent activation/deactivation commands:
· Larger signaling overhead,
· Retransmission necessary if command is not received or successfully decoded,
· Sensitive to jitter,
· Processing timeline needs to be considered,
· Limited payload size (up to 140 bits).


Observation 4:	Similar to the semi-persistent approach, there is no strong motivation to support dynamic signaling as a standalone solution.
Proposal 6:	In combination with the baseline RRC-based solution, support Alt. 1.2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s).
Regarding the timeline of the DCI activation/deactivation command, it was suggested during the last meeting to consider the 5ms timing for (pre-)configured MG activation/deactivation which is used for events such as DCI-based BWP switch and SCell activation/deactivation in Clauses 8.19.2 and 8.19.3 of [2], respectively. The activation/deactivation command takes effect in the first MG occasion after the completion of the event.
[bookmark: _Hlk166423740]Observation 5:	The MG activation/deactivation DCI command must be received at most 5ms before the first MG to be deactivated. The activation/deactivation command takes effect in the first MG occasion after the completion of the event.
Other consideration(s)
Common to the three approaches which have considered above, one remaining question is the content of the activation/deactivation command and to which types of MG occasions it is supposed to apply. Two options are indeed possible, i.e.,
· [bookmark: _Hlk166427346]Option 1: The same bitmap is used for all the different MG configurations,
· [bookmark: _Hlk166427448]Option 2: One bitmap is used for each MG configuration.
In Option 1, one single bitmap is used to deactivate the (pre-)configured MG occasions, with no consideration for the type of the MG occasions. Whereas in Option 2, a one-to-one mapping is necessary between each bitmap and the corresponding MG occasions. This may be possible using the identifier defined for each MG configuration [3]. Option 2 is more in line with this agreement from the last meeting:
	“It is up to RAN4 to discuss which gaps/restrictions caused by RRM measurements can be cancelled/skipped”


which seems to imply that a differentiated handling of the different types of MG occasions (e.g., RRM, MUSIM, positioning, etc.) is possible. However, this would require a distinct activation/deactivation command for each (pre-)configured MG configuration and thus significantly increase the necessary signaling overhead.
Proposal 7:	Further discuss the relationship between the MG activation/deactivation command and the different types of MG configured to the UE:
· Option 1: The same bitmap is used for all the different MG configurations,
· Option 2: One bitmap is used for each MG configuration.
UE assistance information
During the last RAN1 #116_bis meeting, it was agreed that RAN1 continues to discuss and decide whether or not to introduce new UE assistance information for solution(s) to enable Tx/Rx in MGs/restrictions that are caused by RRM measurements. In our view, UE assistance information is useful to provide UL additional information (only known to the UE) to support gNB in taking better informed decisions able to reach a better trade-off between the quality of the XR traffic and the RRM performance requirements. Then, it is up to network to make decision on the activation/deactivation of MGs. As agreed during the last meeting, there is no mandated gNB behavior in response to any of the UE assistance information.
At least the following UE assistance information was considered for further study:
· Channel conditions: In the current specifications [3], the UE may be configured by the network to report intra/inter-frequency measurement results, including RSRP, RSRQ, and/or SINR derived from SSB and/or CSI-RS, in measResults within the MeasurementReport RRC message. They provide to the network information about the current quality of the serving cell(s)/ neighbor cell(s), which can be used to decide when to enable or not Tx/Rx in MGs/restrictions that are caused by RRM measurements. The measurement reporting can be periodical, with interval between reports ranging from every 6 ms up to every 6 mins. Aperiodic measurement reporting, which is currently not supported, could be an alternative solution: for example, the UE may be triggered to report measurement results only when some conditions are fulfilled, e.g., the measured RSRP/RSRQ/SINR drops below a (pre-)configured threshold. Note that this is similar to the idea behind the RRC event (A1-A6) triggered measurement reporting.
[bookmark: _Hlk166233713]Besides, in RAN plenary # 102, the SID on AI/ML for mobility in NR was approved for Rel-19 [4]. One of the objectives is to evaluate potential benefits and gains of RRM measurement prediction for AI/ML based mobility and network triggered L3-based handover. In our opinion, the outcome(s) of this study could be used as follows:
· [bookmark: _Hlk166238544]The RRM-related UE assistance information provided to gNB can include the prediction of the channel conditions (e.g., RSRP, RSRQ, and SINR) over the upcoming MGs caused by RRM measurements. The MGs where the predicted channel conditions are sufficiently good can be deactivated in order to enable Tx/Rx for XR traffic,
· RRM measurements prediction can be used by the UE in MGs/restrictions which have been deactivated to enable transmissions/receptions for XR traffic instead of performing the actual measurements. This allows to further increase the number of MGs/restrictions which can be deactivated while minimizing the impact on the RRM performance requirements.
· Traffic and UE mobility: Regarding what kind of UE assistance information related to traffic and UE mobility can be provided to gNB, this is up to RAN2 and should therefore not be discussed in RAN1.
· Measurement gaps: Similarly, regarding what kind of UE assistance information related to MGs can be provided to gNB are up to RAN4 and should therefore not be discussed in RAN1.
Proposal 8:	The measurement results provided by the UE to gNB may be used to facilitate Tx/Rx of XR traffic in MGs/restrictions that are caused by RRM measurements. Aperiodic measurement reporting may be introduced for that purpose, which would be triggered only when some conditions on the measurements are fulfilled.
Observation 6:	RAN2 has an ongoing Study Item on AI/ML for mobility in NR, one of the objectives of which is to evaluate potential benefits and gains of RRM measurement prediction for AI/ML based mobility and network triggered L3-based handover.
[bookmark: _Hlk166334508]Proposal 9:	The RRM-related UE assistance information provided to gNB can include the prediction of the channel conditions (e.g., RSRP, RSRQ, and SINR) over the upcoming MGs/restrictions that are caused by RRM measurements.
Proposal 10:	RRM measurements prediction can be used by the UE in MGs/restrictions which have been deactivated to enable transmissions/receptions for XR traffic instead of performing the actual measurements.
Proposal 11:	UE assistance information related to traffic and UE mobility can be provided to gNB are up to RAN2 and should therefore not be discussed in RAN1.
Proposal 12:	UE assistance information related to MGs can be provided to gNB are up to RAN2 and should therefore not be discussed in RAN1.
[bookmark: _Hlk166338628]The UE assistance information can be reported to the gNB by means of either RRC signaling or UL MAC CE. It is not expected to be updated frequently because of the signaling overhead and the fact that the channel conditions are varying relatively slowly. The assistance information shall also remain applicable until the next update by the UE, e.g., when a RRC reconfiguration occurs. It may thus be appropriate to support semi-static indication since both operate on the same time scale. It remains however no clear how it can support dynamic indication which would require much more frequent information to be triggered.
Proposal 13: 	The UE can use either UL MAC CE signaling or RRC signaling to provide the assistance information to the network.
Observation 7:	The UE assistance information is not expected to be updated frequently and shall also remain applicable until the next update by the UE. Whether it can support dynamic indication solutions remains therefore doubtful.
Summary
In this contribution, we discussed some enhancements to enable transmission/reception for XR during RRM measurements. The following lists the observations and proposals made in the contribution:
Observation 1:	Semi-static indication of MG occasions using RRC signaling is well adapted to the predicable XR traffic and to its characteristics.
Proposal 1:	As baseline solution, support Alt. 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip MGs/restrictions.
Proposal 2:	Further study the impact of missing a retransmission of the MAC CE-based MG activation/ deactivation timeline.
Proposal 3:	To avoid any misunderstanding between gNB and the UE about whether MG occasions are deactivated or not, MG occasions are by default considered as activated until UE receives the MAC CE command or network receives the HARQ-ACK about the PDSCH reception.
Observation 2:	The semi-persistent signaling approach may offer more flexibility in the indication of the MG occasions that can be deactivated, but it may also be more sensitive to the XR traffic characteristics. There is no strong motivation to support semi-persistent signaling as a standalone solution.
Proposal 4:	In combination with the baseline RRC-based solution, support 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).
Observation 3:	The MG activation/deactivation MAC CE command must be received at most  slots before the first MG to be deactivated. The activation/deactivation command takes effect in the first MG occasion after the completion of the event.
Proposal 5:	Further study the impact of missing a retransmission of the DCI-based MG activation/ deactivation timeline.
Observation 4:	Similar to the semi-persistent approach, there is no strong motivation to support dynamic signaling as a standalone solution.
Proposal 6:	In combination with the baseline RRC-based solution, support Alt. 1.2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s).
Observation 5:	The MG activation/deactivation DCI command must be received at most 5ms before the first MG to be deactivated. The activation/deactivation command takes effect in the first MG occasion after the completion of the event.
Proposal 7:	Further discuss the relationship between the MG activation/deactivation command and the different types of MG configured to the UE:
· Option 1: The same bitmap is used for all the different MG configurations,
· Option 2: One bitmap is used for each MG configuration.
Proposal 8:	The measurement results provided by the UE to gNB may be used to facilitate Tx/Rx of XR traffic in MGs/restrictions that are caused by RRM measurements. Aperiodic measurement reporting may be introduced for that purpose, which would be triggered only when some conditions on the measurements are fulfilled.
Observation 6:	RAN2 has an ongoing Study Item on AI/ML for mobility in NR, one of the objectives of which is to evaluate potential benefits and gains of RRM measurement prediction for AI/ML based mobility and network triggered L3-based handover.
Proposal 9:	The RRM-related UE assistance information provided to gNB can include the prediction of the channel conditions (e.g., RSRP, RSRQ, and SINR) over the upcoming MGs/restrictions that are caused by RRM measurements.
Proposal 10:	RRM measurements prediction can be used by the UE in MGs/restrictions which have been deactivated to enable transmissions/receptions for XR traffic instead of performing the actual measurements.
Proposal 11:	UE assistance information related to traffic and UE mobility can be provided to gNB are up to RAN2 and should therefore not be discussed in RAN1.
Proposal 12:	UE assistance information related to MGs can be provided to gNB are up to RAN2 and should therefore not be discussed in RAN1.
Proposal 13: 	The UE can use either UL MAC CE signaling or RRC signaling to provide the assistance information to the network.
Observation 7:	The UE assistance information is not expected to be updated frequently and shall also remain applicable until the next update by the UE. Whether it can support dynamic indication solutions remains therefore doubtful.
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