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1. Introduction
In RAN#101 meeting, the SID for R18 low-power Wake-up Signal and Receiver for NR was agreed in [1], and in RAN2#121 bis and RAN2#123 meetings, we have made some progress on LP-WUS and LP-WUR in RRC_Connected mode [2][3]. Besides, RAN1 has also made some conclusions on RRC_Connected for LP-WUS in [4]. In this contribution, we will discuss the remaining issues on LP-WUS in RRC_Connected mode.
2. Discussion
2.1. LP-WUS using option 3
For legacy UE in RRC_Connected mode, it should keep MR monitoring PDCCH in C-DRX active time when there is no UE schedule. As a result, the power consumption caused by unnecessary PDCCH monitoring is unavoidable. To resolve this power consumption, LP-WUS is introduced. When LP-WUS is monitored in RRC_Connected mode, the MR can be in a sleep state while the LR remains active to monitor LP-WUS, and when LP-WUS is received by LR, it will trigger the MR to wake up for PDCCH monitoring. 
We have discussed the LP-WUS using options in RAN2#123bis, which includes the following directions and options in RAN2#123bis meeting [5]:
	· Option 1: to relate LP-WUS with DRX: Network can configure LP-WUS outside MR DRX active time. In that case, LP-WUS can trigger MR PDCCH monitoring to start procedures related to DRX timer(s). FFS which timer and whether/how it may co-exist with R16 DCP.
· Option 2: to have LP-WUS transparent to current MAC operation (might not have impact to MAC)
· [bookmark: _Hlk148690017]P1: Capture the LP-WUS using option that LP-WUS has similar functionality as Rel-16 DCP in TR. 
· [bookmark: OLE_LINK3]P2: 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.
· P3: FFS whether to capture the LP-WUS using option that LP-WUS could be used after the beginning of drx-onDurationTimer in TR. 
· P4: Capture the LP-WUS using option that LP-WUS could be used when C-DRX is not configured in TR and FFS the detail. 


Regarding the LP-WUS using option that LP-WUS could be used after the beginning of drx-onDurationTimer (i.e. option 3), companies didn’t reach a consensus during RAN#123bis meeting. 
[bookmark: _Hlk149573585]In our understanding, LP-WUS in this option is useful for XR traffic. Since the XR data packets have a wide range of unpredictable jitter and UE couldn’t predict when the data will arrive exactly, in order to achieve low latency requirements, UE has to perform intensive PDCCH monitoring in the entire jitter range to receive the scheduling of XR traffic timely once drx-onDurationTimer is started. However, the existing Rel-15/Rel-16/Rel-17 power saving schemes are not effective enough for such traffic, e.g. in the following figure 1, there is some delay between UE receives the SSSG switching and applies it. In this regard, the motivation to study LP-WUS in RRC_Connected mode is to reduce the unnecessary PDCCH monitoring due to jitter while guarantee the XR performance. 
In detail, the UE starts to monitor LP-WUS instead of PDCCH from the beginning of drx-onDurationTimer and the UE resumes PDCCH monitoring from micro or light sleep of MR once LP-WUS is detected. As such, by replacing the unnecessary PDCCH monitoring with more power efficient LP-WUS detection, more power saving benefit can be achieved. The following figure shows this procedure:


Figure 1.  Working procedure for LP-WUS/WUR based jitter handling
Observation 1: The existing Rel-15/Rel-16/Rel-17 power saving schemes are not effective enough for XR on latency requirement.
Besides, according to our simulation and evaluation in RAN1 [6], for the above LP-WUS using option in XR use case and for the scenario that there is only DL XR traffic, compared to Rel-17 PDCCH monitoring adaptation scheme, the LP-WUS monitoring combined with MR micro sleep can bring {6%~15%} additional UE power saving gain with no capacity loss in both low and high load cases, and the LP-WUS monitoring with MR light sleep can bring {10%~20%} additional power saving gain with acceptable capacity impact in low load case. For the scenario that there are both DL and UL XR traffics, compared to the existing Rel-15/Rel-16/Rel-17 power saving schemes, LP-WUS monitoring combined with MR micro sleep can bring {8%~18%} additional UE power saving gain with no capacity loss in both low load and high load cases, and compared to the existing Rel-15/Rel-16/Rel-17 power saving schemes, LP-WUS monitoring combined with MR light sleep can bring {15%~17%} additional UE power saving gain, with acceptable capacity impact at least in low load case.
Observation 2: Compared to the existing Rel-15/Rel-16/Rel-17 power saving schemes, LP-WUS could achieve substantial power saving gain in XR use case for option 3.
Proposal 1: Capture the solution that LP-WUS could be used after the beginning of drx-onDurationTimer, i.e. option 3, in the TR as one of the alternatives to make the use of LP-WUS complete in RRC_Connected mode.
2.2. LP-WUS with DCP
Regarding whether the LP-WUS could be configured/used with DCP, we have the following agreements in RAN2#123bis meeting:
	· P8: FFS whether it is possible that LP-WUS and DCP are configured for a UE and UE use only one of them at any time e.g. depend on network configuration or link quality. 
· P9: FFS whether LP-WUS could be used in conjunction with DCP. 


In our understanding, it is likely that the coverage of LP-WUS is smaller than PDCCH. In this case, UE configured with LP-WUS could not detect the LP-WUS when out of the LP-WUS coverage. To achieve more power saving gain, we think the LP-WUS and DCP could be configured to UE together while UE only use one of them at one time, e.g., the DCP monitoring could be activated by network via MAC CE or RRC message when UE is out of the coverage of LP-WUS to reduce the unnecessary PDCCH monitoring, while the LP-WUS monitoring could be activated when UE is in the LP-WUS coverage.  
Observation 3: When LP-WUS has smaller coverage than PDCCH, LP-WUS configured together with DCP could be allowed to ensure UE could use LP-WUS in LP-WUS coverage and use DCP when out of the LP-WUS coverage. 
Regarding the case that UE locates in the LP-WUS coverage, whether it is necessary for UE to use LP-WUS and DCP together needs further discussion. 
On one hand, since the LP-WUS and DCP are separate features, they could work well individually. And there is no doubt that the LP-WUS will have impact on DCP monitoring, hence it is straightforward to restrict UE only uses either one of LP-WUS or DCP at a time. 
On the other hand, assuming there is no any restriction, whether it is feasible to use these two features together should be considered. We will analysis how/whether LP-WUS could work together with DCP based on the LP-WUS using options proposed in RAN2#123bis meeting [5] as follows:
· Case 1: In case LP-WUS has similar functionality as Rel-16 DCP (i.e. option 1), in our understanding, there is no additional gain while introducing complexity if LP-WUS and DCP are used together. However, someone proposes that in this case, the LP-WUS could be used to wake up a group of UEs to monitor LP-WUS and DCP to indicate whether to monitor PDCCH per UE, hence there is additional gain to allow use the two features in this option. 
· Case 2: In case LP-WUS could be used after the beginning of drx-onDurationTimer (i.e. option 3), it is possible that UE uses LP-WUS and DCP together, e.g., UE could start the drx-onDurationTimer when the monitored DCP indicates to start the drx-onDurationTimer, and UE doesn’t monitor PDCCH during drx-onDurationTimer is running until UE detects the LP-WUS with on indication to activate/resume PDCCH monitoring.
· Case 3: LP-WUS could be used at any time outside DRX active time to indicate UE to enter into active time (i.e. option 2), it seems there is no need to monitor DCP in this case since only using LP-WUS could control PDCCH monitoring well. However, we don’t need to exclude the coexistence of LP-WUS and DCP in this case since this LP-WUS using option is not clear for now and need further discussion in WI.
Based on the above, it could be observed that the LP-WUS could also be used together with DCP at least in some LP-WUS using options (i.e. option 2 and option 3). 
Hence, we propose:
Proposal 2: Capture below directions/options on whether LP-WUS could be configured/used together with Rel-16 DCP in TR. Details can be discussed/determined during WI phase.
· Direction 1: LP-WUS could be configured together with DCP, including the following options:
· Option 1: LP-WUS could not work together with DCP, using MAC CE/RRC message to indicate the switch/activation/deactivation of DCP or LP-WUS.
· Option 2: LP-WUS could work together with DCP.
· Direction 2: LP-WUS could not be configured together with DCP.
3. Conclusion
In this contribution, we discuss the remaining issues on LP-WUS in RRC_Connected mode. Based on the discussion, we have the following observation and proposals:
Observation 1: The existing Rel-15/Rel-16/Rel-17 power saving schemes are not effective enough for XR on latency requirement.
Observation 2: Compared to the existing Rel-15/Rel-16/Rel-17 power saving schemes, LP-WUS could achieve substantial power saving gain in XR use case for option 3.
Observation 3: When LP-WUS has smaller coverage than PDCCH, LP-WUS configured together with DCP could be allowed to ensure UE could use LP-WUS in LP-WUS coverage and use DCP when out of the LP-WUS coverage. 
Proposal 1: Capture the solution that LP-WUS could be used after the beginning of drx-onDurationTimer, i.e. option 3, in the TR as one of the alternatives to make the use of LP-WUS complete in RRC_Connected mode.
Proposal 2: Capture below directions/options on whether LP-WUS could be configured/used together with Rel-16 DCP in TR. Details can be discussed/determined during WI phase.
· Direction 1: LP-WUS could be configured together with DCP, including the following options:
· Option 1: LP-WUS could not work together with DCP, using MAC CE/RRC message to indicate the switch/activation/deactivation of DCP or LP-WUS.
· Option 2: LP-WUS could work together with DCP.
· Direction 2: LP-WUS could not be configured together with DCP.
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