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1. Introduction
In RAN#102, a new work item for LP-WUS/WUR was approved [1], where the objectives identified for the work item as follows:
	The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103


In this contribution, we discuss procedure for LP-WUS operation in RRC_CONNECTED mode.
2. Discussion
2.1 Procedure for (de-)activation of LP-WUS monitoring
In RAN1#116, the following agreements were made on (de-)activation of LP-WUS monitoring [2].
	Agreement
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.



RAN1 agreed that LP-WUS is enabled/disabled by gNB RRC signaliing. FFS whether to support UE assistance. In gNB’s view, needs to know whether the UE is capable of LP-WUS to enable LP-WUS monitoring. For this purpose, RAN2 supports a procedure that UE reports assistance information related capability of LP-WUR to enable LP-WUS monitoring.
Proposal 1: Support a UE assistance procedure (e.g., capability) that LP-WUS monitoring is enabled/disabled by gNB.
2.1 Conditions for (de-)activation of LP-WUS monitoring
RAN1 agreed condition(s) as an option of the activation/deactivation conditions for further study. For example, while a timer is running, a UE can activate LP-WUS monitoring and stop the timer upon receiving the LP-WUS signal. Upon the expiry of timer, the UE reports to the gNB the deactivation (e.g., timer expiry) of the LP-WUS monitoring. 
Proposal 2: Support a timer as one of the conditions to activate/deactivate LP-WUS monitoring. The detailed conditions (e.g., start/stop) are further discussed.  
Proposal 3: Upon expiry of timer, report the expiry of timer to deactivate LP-WUS monitoring.

Moreover, channel condition can be considered as one of the activation/deactivation conditions for CONNECTED mode as agreed in RAN1 for IDLE/INACTIVE modes. For activation, potential out of coverage due to the different coverage of LP-WUS monitoring (e.g., smaller coverage) can be avoided by receiving measurement results from a UE via RRM with MR and not allowing activation of LP-WUS monitoring/deactivation of MR when the measurement result from NR signal is not be enough. 
For deactivation, a threshold of LP-RSRP/LP-RSRQ value of received LP-SS can be configured. If the measured channel quality satisfies the threshold (e.g., above the threshold), the measurement can be regarded as in-coverage and successful reception. In contrast, if the measured channel quality is not satisfied, LP-WUS reception can be regarded as out-of-coverage and failure. Based on the decision, for a link monitoring perspective, once the UE detects certain number of reception failures, then the UE needs to report these failures to the gNB to deactivate LP-WUS monitoring.     
In another example, the UE reporting on feasibility information (e.g., dynamic) for activation/deactivation of LP-WUS monitoring to the gNB can be considered. Based on the feasibility information, the gNB can determine to activate/deactivate an LP-WUS monitoring for the UE. RAN2 can further discuss detailed criteria of the feasibility information, e.g., low mobility, measured channel quality. 
Proposal 4: Support a channel condition as one of the conditions to activate/deactivate LP-WUS monitoring. 
Proposal 5: For service continuity, LP-WUS UE can be configured with a threshold (e.g., channel condition) of DL signal for determining LP-WUS in-coverage (e.g., successful reception) and out-of-coverage (e.g., reception failure).
Proposal 6: Support to report LP-WUS reception failures (e.g., channel condition) to deactivate LP-WUS monitoring.
Proposal 7: Support to report feasibility information that LP-WUS monitoring is activated/deactivated by gNB. The criteria of feasibility is further discussed. 

For measuring DL signals for activation/deactivation, a UE capable of OFDM-based LP-WUR can measure both NR-SS (existing SSB) and LP-SS (i.e., if supported) simultaneously. In this case, the measured values can be used for the decision of activation/deactivation. Since qualities of NR-SS and LP-SS are different metrics (e.g., RSRP and LP-RSRP, respectively) RAN2 should discuss how to use the different metrics for the decisions. For example, using the higher value or combined values or another method.
Proposal 8: Support to measure and report procedure (e.g., RRM by MR) that LP-WUS monitoring is activated (or deactivated) by gNB. How to use two different metrics (e.g., NR-SS and LP-SS) for decision is further discussed.

2.2 PDCCH monitoring with C-DRX
In RAN1#116bis, the following agreements were made on LP-WUS based PDCCH monitoring [4].
	Agreement
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX
· Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· Option 1-3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Combination of options in Case 1 should be considered.
· RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2
· Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any



During the LP-WUS SI phase in Rel-18, RAN2 made following agreements [5].
	Capture the LP-WUS using option that LP-WUS has similar functionality as Rel-16 DCP in TR. 
Capture the LP-WUS using option that LP-WUS could be used at any time outside DRX active time to indicate UE to enter into active time in TR.
FFS whether to capture the LP-WUS using option that LP-WUS could be used after the beginning of drx-onDurationTimer in TR. 
Capture the LP-WUS using option that LP-WUS could be used when C-DRX is not configured in TR and FFS the detail. 



As discussed in LP-WUS SI phase, for PDCCH monitoring, RAN2 needs to consider a timer such as related legacy C-DRX timer (e.g., drx-onDurationTimer) and/or a new timer to start and/or stop PDCCH monitoring similar to C-DRX timers. RAN2 can define an active time during the PDCCH monitoring is performed by UE.
Moreover, when PDCCH monitoring is triggered by LP-WUS, RAN2 should discuss some overlapping case. For example, when PDDCH monitoring is triggered by LP-WUS, another PDCCH monitoring can be triggered by periodic C-DRX configuration. 
Proposal 9: RAN2 should discuss the necessity of running a timer (e.g., legacy timer for C-DRX) when PDCCH monitoring is triggered by LP-WUS.
Proposal 10: RAN2 should discuss how to perform more than one PDDCH monitoring being triggered by LP-WUS and C-DRX (e.g., active time). 
3. Conclusion
In this contribution, the following proposals were made:
Proposal 1: Support a UE assistance procedure (e.g., capability) that LP-WUS monitoring is enabled/disabled by gNB.
Proposal 2: Support a timer as one of the conditions to activate/deactivate LP-WUS monitoring. The detailed conditions (e.g., start/stop) are further discussed.  
Proposal 3: Upon expiry of timer, report the expiry of timer to deactivate LP-WUS monitoring.
Proposal 4: Support a channel condition as one of the conditions to activate/deactivate LP-WUS monitoring. 
Proposal 5: For service continuity, LP-WUS UE can be configured with a threshold (e.g., channel condition) of DL signal for determining LP-WUS in-coverage (e.g., successful reception) and out-of-coverage (e.g., reception failure).
Proposal 6: Support to report LP-WUS reception failures (e.g., channel condition) to deactivate LP-WUS monitoring.
Proposal 7: Support to report feasibility information that LP-WUS monitoring is activated/deactivated by gNB. The criteria of feasibility is further discussed
Proposal 8: Support to measure and report procedure (e.g., RRM by MR) that LP-WUS monitoring is activated (or deactivated) by gNB. How to use two different metrics (e.g., NR-SS and LP-SS) for decision is further discussed.
Proposal 9: RAN2 should discuss the necessity of running a timer (e.g., legacy timer for C-DRX) when PDCCH monitoring is triggered by LP-WUS.
Proposal 10: RAN2 should discuss how to perform more than one PDDCH monitoring being triggered by LP-WUS and C-DRX (e.g., active time). 
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