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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#102 plenary meeting, a work item for Rel.19 LP-WUS was approved. One of the objectives is to specify the following LP-WUS operation in CONNECTED modes.

· 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, detailed discussion of LP-WUS operation in CONNECTED modes are presented.
2. Discussion
2.1 Signal design principle
As noted in the WID [2], A unified LP-WUS signal design for CONNECTED mode and IDLE/INACTIVE mode can avoid supporting two kinds of LP-WUS receiver architecture for different RRC states.
The payload of LP-WUS for CONNECTED mode can be configured differently from that for IDLE/INACTIVE mode. The detail payload size of LP-WUS is determined by functionalities of LP-WUS (e.g., take the place of Short C-DRX, Long C-DRX, Rel-16 PDCCH-based WUS, or Rel-17 PDCCH monitor adaptation in MR) and content information carrying in the LP-WUS for CONNECTED mode UEs. 
Furthermore, in Rel.18 LP-WUS discussion, it was agreed that at least one BW-size <=5MHz is recommended to be supported for IDLE/INACTIVE mode and the BW-size is of LP-WUS may be specified as default value (e.g., 5MHz) or broadcast in the system information. However, for CONNECTED mode, LP-WUS bandwidth for CONNECTED mode can be configured within the initial BWP (e.g., 20MHz) or an active BWP with the unit of PRB, or even configured in standalone carrier, which can be configured different from that for IDLE/INACTIVE modes with UE-specific signaling (e.g., determined by the payload size, channel condition, etc).
Proposal 1: LP-WUS payload size and bandwidth for CONNECTED can be configured different from that for IDLE/INACTIVE modes with UE-specific signaling.

2.2 LP-WUS Functionality in CONNECTED mode
For legacy UE in CONNECTED mode, it should keep monitoring PDCCH even when there is nothing scheduled. As a result, the power consumption caused by unnecessary PDCCH monitoring is unavoidable. The gain for legacy UE power saving features in CONNECTED mode, such as Short C-DRX, Long C-DRX, Rel-16 PDCCH-based WUS, or Rel-17 PDCCH monitor adaptation, comes from reducing the PDCCH monitoring time. 
In Rel-16/17, the wakeup signals/channels had been designed for C-DRX adaptation to further reduce UE power consumption by sending WUS (e.g., via DCI format 2-6) before the DRX ON duration to indicate whether UE needs to wake up at the configured DRX ON-Duration period as shown in Figure 1. The UE wakeup mechanism provides a periodic indication to the UE wakeup or not to adapt at the next PDCCH monitoring occasion at DRX ON interval occasion to achieve UE power saving, which is aligned with the LP-WUS monitoring duty-cycled mode where LP-WUS is monitored based on a defined duty cycle.



Figure 1 WUS indication in Rel.16 power saving

LP-WUS is used in conjunction with C-DRX. LP-WUS could be configured outside the DRX active time where same function as Rel-16 DCP (e.g., take the place of Rel-16 DCP) indicates whether to start the next drx-onDurationTimer as shown in Figure 2. Similarly, WUS was designed to indicate corresponding several POs (with bitmap manner) in IDLE/INACTIVE mode in Rel,17, the LP-WUS can also be designed to indicate whether to start the following multiple drx-onDurationTimer(s) in DRX cycle(s) with bitmap manner to extend the LP-WUS duty cycle (e.g., save the monitoring power in LP-WUR) as shown in Figure 3. The LP-WUS could also be used in conjunction with Rel-16 DCP. That is, the UE firstly monitor LP-WUS and, in case the MR is waked up by the LP-WUS, then, the UE will continue to monitor DCP.
Proposal 2: Continue to evaluate that
· LP-WUS can be designed to indicate whether to start the corresponding one or more drx-onDurationTimer in one or more DRX cycle(s)(e.g. take the place of DCP)
· LP-WUS can be used in conjunction with Rel-16 DCP (e.g., wake up to monitor DCP)



Figure 2 LP-WUS indicates whether to start the next drx-onDurationTimer



Figure 3 WUS indicates whether to start the following multiple drx-onDurationTimer

LP-WUS can also be used in conjunction without C-DRX where the LP-WUS is used to indicate UE to activate/resume PDCCH monitoring. For example, it is used to indicate UE to stop the PDCCH monitoring, e.g. Rel-17 PDCCH monitoring adaptation as shown in Figure 4. 
However, the power saving gain for LP-WUS would be determined by the time duration in which the MR can be kept in a sleep state, and significantly lower power consumed by LP-WUS compared to the PDCCH monitoring by MR. Since the UE may need to monitor the PDCCH in MR even with the indication of the LP-WUS, the power saving gain is not expected to high enough based on the discussion in Rel.18 study item. Also, a different payload content for LP-WUS is needed to monitor LPWUS within the PDCCH skipping duration and the number of monitoring occasions of LP-WUS within the PDCCH skipping duration needs to take into account the LP-WUS processing time and inter-processor latency. The benefit of support the functionality of Rel.17 PDCCH monitoring adaption may need further study.
Proposal 3: The benefit of support the functionality of Rel.17 PDCCH monitoring adaption may need further study.


Figure 4 LP-WUS supports the functionality of PDCCCH monitoring switching. 

2.3 Activation/deactivation of LP-WUS monitoring for CONNECTED mode
Different from the operation in RRC IDLE/INACTIVE mode, the LP-WUR activation/deactivation procedure in CONNECTED mode can be controlled by gNB. 
Proposal 4: For CONNECTED mode, LP-WUS monitoring by UE is known to gNB.
For example, gNB can configure LP-WUS activate/deactivate monitoring by RRC signaling based on the historical channel quality information of UEs without considering UE assistance information. Considering the power saving is main target for LP-WUR, at least the options i.e. by gNB RRC signaling without UE assistance can be supported for CONNECTED mode. 
Proposal 5: For CONNECTED mode, LP-WUS monitoring can be activated/deactivated by gNB RRC signaling without UE assistance.
Occasionally, the activation/deactivation of LP-WUS is related to the traffic arrival and it may be not flexible enough to trigger activation/deactivation of LP-WUS by RRC signaling. gNB can configure LP-WUS deactivation timer/duration after activation and/or configure LP-WUS activation timer/duration after deactivation.
Proposal 6: For CONNECTED mode, LP-WUS monitoring can be activated/deactivated by timer.

3. Conclusions
In this contribution, considerations of LP-WUS operation in CONNECTED modes are provided. The following proposals are present: 
Proposal 1: LP-WUS payload size and bandwidth for CONNECTED can be configured different from that for IDLE/INACTIVE modes with UE-specific signaling.
Proposal 2: Continue to evaluate that
· LP-WUS can be designed to indicate whether to start the corresponding one or more drx-onDurationTimer in one or more DRX cycle(s)(e.g. take the place of DCP)
· LP-WUS can be used in conjunction with Rel-16 DCP (e.g., wake up to monitor DCP)

Proposal 3: The benefit of support the functionality of Rel.17 PDCCH monitoring adaption may need further study.
Proposal 4: For CONNECTED mode, LP-WUS monitoring by UE is known to gNB.
Proposal 5: For CONNECTED mode, LP-WUS monitoring can be activated/deactivated by gNB RRC signaling without UE assistance.
Proposal 6: For CONNECTED mode, LP-WUS monitoring can be activated/deactivated by timer.
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