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Introduction
Energy conservation has emerged as an important issue in recent mobile communication network environments. Accordingly, RAN2 starts with the new Work Item (WI), Low-power wake-up signal and receiver for NR (LP-WUS/WUR) [1]. 
Among the WID[1], objectives related with RAN2 RRC CONNECTED mode are as follows:
	· 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)
· 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.



And, RAN1 made the below related agreements at the meeting #116bis:
	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





In this contribution, we would like to discuss the detailed procedures and configurations to support LP-WUS in RRC IDLE/INACTIVE mode.
Discussion
Scenarios
Based on the discussions that have been carried out in RAN1, it has become apparent that the main and most significant use case for LP-WUS in the RRC Connected mode will revolve around 'PDCCH monitoring which is triggered by LP-WUS in conjunction with the C-DRX configuration'. In light of this use case, RAN1 is currently engaged in the thorough examination and evaluation of three different options, each of which holds its unique advantages and potential challenges. These three options are being considered to determine their respective impacts on system design and operation: 
· 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.

Given that the LP-WUS in RRC Connected mode is specifically designed for notifying the monitoring of the PDCCH in the presence of C-DRX, it is crucial to ensure proper alignment between the timing of LP-WUS resources and the active time of the C-DRX, for instance through the replacement of DCP functionality. To achieve this goal, two proposals are put forth.

Firstly, as a baseline approach, RAN2 supports the configuration of LP-WUS prior to C-DRX activation, akin to the current DCP mechanism (option 1-1). By doing so, it is possible to maintain compatibility with existing standards while harnessing the benefits of LP-WUS for PDCCH monitoring during C-DRX active periods.
Proposal 1. As a baseline scenario, RAN2 supports LP-WUS configuration before C-DRX on duration, similar as DCP (option 1-1).

Secondly, any consideration of PDCCH monitoring outside the realm of C-DRX active durations lies beyond the current scope of RAN2, necessitating further discussion within RAN1. Consequently, we recommend deferring any decision on this matter until RAN1 reaches a consensus regarding its feasibility and support.
Proposal 2. For the support of LP-WUS and associated PDCCH monitoring outside of C-DRX on duration, we need to wait for RAN1 progress. 

Configuration
The RRC Connected UE needs to recognize the resource on which the LP-WUS will be transmitted, hence, it is essential that both the UE and gNB have a mutual understanding of this resource, and therefore, it should be communicated from the network to the UE. 
To facilitate the LP-WUS configuration in RRC Connected UE, we propose utilizing the UE dedicated RRCReconfiguration message. More specifically, we suggest employing the CellGroupConfig IE, which is responsible for configuring cell groups consisting of one MAC entity. We recommend referring to the drx-config IE found under MAC-CellGroupConfig, or alternatively, consulting the dcp-Config-r16 IE situated under PhysicalCellGroupConfig.

Proposal 3. The LP-WUS related configuration for RRC CONNECTED state UE is provided via UE dedicated message, e.g., RRCReconfiguration. 


3. Conclusion
RAN2 is requested to discuss and agree to the following proposals:

Proposal 1. As a baseline scenario, RAN2 supports LP-WUS configuration before C-DRX on duration, similar as DCP (option 1-1).
Proposal 2. For the support of LP-WUS and associated PDCCH monitoring outside of C-DRX on duration, we need to wait for RAN1 progress. 
Proposal 3. The LP-WUS related configuration for RRC CONNECTED state UE is provided via UE dedicated message, e.g., RRCReconfiguration. 
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