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1. Introduction
[bookmark: OLE_LINK14][bookmark: OLE_LINK12]In Rel-19, a new WID for LP-WUS/WUR was approved in RAN#102 [1]. The objective of the RRC_CONNECTED mode is as follows:
	· [bookmark: OLE_LINK9]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


In this contribution, we discuss the procedure for LP-WUS operation in RRC_CONNECTED mode from the RAN2 perspective. 
2. Discussion
1 
2 
As for the activation and deactivation for LP-WUS monitoring, RAN1 has reached the following agreements in RAN1#116 meeting [2]: 
[bookmark: OLE_LINK140][bookmark: OLE_LINK139]
3 
	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
· [bookmark: OLE_LINK16]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.


[bookmark: OLE_LINK6]Based on the above agreement, we think gNB needs to know whether UE supports LP-WUS capability for LP-WUS monitoring. Therefore, RAN2 should study the procedure of reporting UE assistance messages regarding the LP-WUS capability. In case LP-WUS monitoring is enabled, there would exist at least one mechanism for activation/deactivation of LP-WUS monitoring, which can improve LP-WUS monitoring efficiency. For the above options, we have the view that Option 2 is more flexible. Which specific method can be adopted should be further discussed in RAN2.
[bookmark: OLE_LINK18][bookmark: OLE_LINK7]Proposal 1: RAN2 to support UE reporting assistance messages to enable LP-WUS monitoring.
[bookmark: OLE_LINK17]Proposal 2: In case LP-WUS monitoring is enabled, option 2 is more feasible for activation/deactivation of LP-WUS monitoring.
In RAN1#116-bis meeting, RAN1 further discussed the LP-WUS procedures to trigger PDCCH monitoring, which is summarized as follows [3]:
	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.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded 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


[bookmark: OLE_LINK8][bookmark: OLE_LINK2]According to the RAN1 agreement, PDCCH monitoring can be triggered by LP-WUS with/without C-DRX configuration. In order to reduce the impact on the specification, we think the legacy C-DRX configuration needs to be retained. However, in addition to using the LP-WUS trigger PDCCH monitoring scheme, whether it is necessary to use C-DRX active time for PDCCH monitoring needs to be discussed. What’s more, supporting similar DCP functionality or flexible PDCCH monitoring triggered by LP-WUS depends on the RAN1 decision.
[bookmark: OLE_LINK5]Proposal 3: RAN2 to support PDCCH monitoring triggered by LP-WUS under the condition of C-DRX configuration. Details are FFS.
During the process of PDCCH monitoring triggered by LP-WUS, RAN2 needs to define an active timer to start/stop PDCCH monitoring. We can find that there exists a time offset between detected LP-WUS and the time to start PDCCH monitoring. It may be used to ramp up time from different sleep states, sync time, LP-WUS processing time etc. Designing a minimum time offset indication is essential to indicate UE MR sleep state. Additionally, it is more efficient to make MR implement PDCCH monitoring and further guarantee the integrity of signalling transmission.
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Proposal 4: RAN2 to define an active timer to start/stop PDCCH monitoring.
Proposal 5: RAN2 to discuss how to indicate the minimum time offset from detecting LP-WUS to implement PDCCH monitoring.
3. Conclusion
[bookmark: OLE_LINK15]In this contribution, we discuss the specific procedures to allow UE MR PDCCH monitoring triggered by LP-WUS for RRC_CONNECTED mode. The proposals are summarized as follows.
Proposal 1: RAN2 to support UE reporting assistance messages to enable LP-WUS monitoring.
Proposal 2: In case LP-WUS monitoring is enabled, option 2 is more feasible for activation/deactivation of LP-WUS monitoring.
Proposal 3: RAN2 to support PDCCH monitoring triggered by LP-WUS under the condition of C-DRX configuration. Details are FFS.
Proposal 4: RAN2 to define an active timer to start/stop PDCCH monitoring.
Proposal 5: RAN2 to discuss how to indicate the minimum time offset from detecting LP-WUS to implement PDCCH monitoring.
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