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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 #123 meetings, we have the following relevant agreements on LP-WUS and LP-WUR [2][3]:
	· Confirm that we follow R1 and include RRC idle/inactive/connected. 
· Expect that R2 could determine how/if to integrate LPWUS with DRX, determine impact to DRX, and identify MAC issues if any, with using LPWUS in CONNECTED. Additional scope FFS


Besides, RAN1 has the following agreements on RRC_Connected for LP-WUS in RAN1#113 meeting [4]:
	· In RRC CONNECTED mode, study benefit of LP-WUS over existing Rel-15, R16, and R17 power saving techniques for following functionalities: 
· LP-WUS with similar functionality as R16 DCP. 
· LP-WUS activates/resumes PDCCH monitoring when LP-WUS is received.
· interaction with legacy power saving techniques, if any 
· other functionalities are not precluded
· for evaluation 
· companies to report 
· assumption on MR sleep state when LP-WUR is monitoring LP-WUS
· deep sleep,
· light sleep, 
· micro sleep
· how to activate/deactivate LP-WUS monitoring and deactivate/activate PDCCH monitoring
· LP-WUS waveform
· [bookmark: _Hlk142408956]In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of\
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer. 
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
· other options are not precluded.



In this contribution, we will discuss the detailed RRC_CONNECTED procedures and related aspects with LP-WUS/WUR considering RAN1’s progress.
2. Discussion
2.1. General procedure
For legacy UE in RRC_Connected state, 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. 
This issue has been also discussed in Rel-16/Rel-17. Finally, the power saving features that DCP in Rel-16 and PDCCH monitoring adaptation in Rel-17 were introduced to reduce unnecessary PDCCH monitoring. They are both PDCCH based signaling. For a UE equipped with LR, the MR can be in a sleep state while the LR remains active to monitor Low-Power Wake-Up Signal (LP-WUS), and when LP-WUS is received by LR, it will trigger the MR to wake up to monitor PDCCH. As LR would adopt a minimalistic design, the power consumption of LR is expected to be significantly lower than legacy PDCCH based signaling in some cases,e.g., according to the evaluation results in [5], {6%~15%} additional UE power saving gain with no capacity loss in both low load and high load cases for DL only XR traffic compared to the existing R15/16/17 power saving schemes. 
Compared with UE in RRC_Idle/Inactive state, UE in RRC_Connected state is more sensitive to the latency. Therefore, we think RAN2 should study LP-WUS procedures for RRC_Connected state to reduce power consumption while guaranteeing the latency performance.
Proposal 1: RAN2 study should focus on the procedure to use LP-WUS for RRC_Connected state to reduce power consumption while guaranteeing the latency performance. 
In order to save UE power consumption for PDCCH monitoring and guarantee the latency, LP-WUS could be used as a similar logic of DCP in Rel-16. That is, when MR is in a sleep state, LR will remain active to monitor LP-WUS. When LP-WUS is received by LR, it will trigger the MR to wake up to monitor PDCCH. But the details design for LP-WUS could be different from Rel-16 DCP, which needs further discussion as we have discussed in section 2.2.
Proposal 2: LP-WUS is used to control MR PDCCH monitoring in RRC_Connected state, i.e., UE’s MR should wake up to monitor PDCCH when LP-WUS is received to indicate the UE to wake up. 
2.2. LP-WUS with legacy power saving features
RAN1 has agreed to study the relationship between LP-WUS and legacy UE power saving techniques in RRC connected as below [4]. 
	· In RRC CONNECTED mode, study benefit of LP-WUS over existing Rel-15, R16, and R17 power saving techniques for following functionalities: 
· LP-WUS with similar functionality as R16 DCP. 
· LP-WUS activates/resumes PDCCH monitoring when LP-WUS is received.
· interaction with legacy power saving techniques, if any 
· other functionalities are not precluded


According to RAN2 post email discussion summary in [6], we have the following proposals and remaining issues on LP-WUS using method in RRC Connected state:
	Proposal 1.         Network can configure LP-WUS outside DRX active time. In that case, LP-WUS can wake up MR to start procedures related to DRX timer(s). FFS which timer and whether/how it may co-exist with R16 DCP.
Proposal 2.         RAN2 study whether/how LP-WUS may be used in conjunction with legacy UE power saving techniques.FFS with which technique(s) and what impact it may have on MAC.


In our view, the legacy UE power saving techniques include the Rel-15 C-DRX, Rel-16 DCP and Rel-17 PDCCH monitoring adaptation. And we will discuss how/whether LP-WUS is used in conjunction with these legacy UE power saving techniques.
Firstly, in our view, LP-WUS could be used in conjunction with C-DRX or not in conjunction with C-DRX. Regarding whether/how LP-WUS is used in conjunction with LP-WUS and Rel-15 C-DRX, there are two way forwards for LP-WUS functions with C-DRX as follows:
· Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX. 
· Direction 2: LP-WUS monitoring occasion is not determined based on timer(s) related C-DRX.
For direction 1, companies have common understanding that the LP-WUS could be configured outside DRX active time as summarized in [6]. However, it is not clear how the LP-WUS works in this case, some companies think it means the LP-WUS has similar functionality as Rel-16 DCP, i.e., UE performs LP-WUS monitoring just before the drx-onDurationTimer of Long DRX and UE starts drx-onDurationTimer if LP-WUS with an indication to start the drx-onDurationTimer is detected, otherwise, UE won’t start the drx-onDurationTimer. While some companies think it means LP-WUS could be configured at any location outside DRX active time and UE will enter into DRX active time for PDCCH monitoring if LP-WUS with an indication to activate/resume PDCCH monitoring is detected. In our view, both understandings are feasible for the scenario that LP-WUS is configured outside DRX active time and should be supported for the LP-WUS functionality in study item phase. 
Besides, another use case for direction 1 is 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, UE has to perform intensive PDCCH monitoring in the entire jitter range to receive the scheduling of XR traffic timely when drx-onDurationTimer is started. In our view, LP-WUS could be used to save the unnecessary PDCCH monitoring during jitter range in this case. 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.  The following figure shows this procedure:


Figure 1.  Working procedure for LP-WUS/WUR based jitter handling
For direction 1, when the DRX timer expires, UE could stop the PDCCH monitoring as legacy. Besides, we think it is sensible that the LP-WUS could also be used together with Rel-17 PDCCH skipping technique, i.e., UE could stop PDCCH monitoring when receiving Rel-17 PDCCH skipping indication while resuming PDCCH monitoring when receiving LP-WUS. 
[bookmark: _Hlk146812498]For direction 2, LP-WUS monitoring occasion is not determined based on timer(s) related C-DRX, which means that LP-WUS could be configured at any time. UE won’t monitor PDCCH unless it receives the LP-WUS with an indication to activate/resume PDCCH monitoring. Regarding how to stop the PDCCH monitoring, if C-DRX is used, same methods as direction 1 could be adopted. If C-DRX is not used, LP-WUS has to be combined with the Rel-17 PDCCH skipping indication, in this case, UE could stop PDCCH monitoring when UE receives the Rel-17 PDCCH skipping indication.
With the above analysis, the LP-WUS application methods could be summarized as Table 1: 
Table 1: LP-WUS application method and functions
	LP-WUS application
	Details
	Start PDCCH monitoring condition
	Stop PDCCH monitoring condition

	Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX
	Option 1: similar to Rel-16 DCP, located before drx-onDurationTimer
	If LP-WUS with indication to start the drx-onDurationTimer is detected and drx-onDurationTimer is started
	


when DRX timer expires or receives Rel-17 PDCCH skipping indication (if supported and configured).


	
	Option 2: located at any time outside DRX active time to indicate UE to enter into active time
	

If LP-WUS with an indication to activate/resume PDCCH monitoring is detected


	

	
	Option 3: located after drx-onDurationTimer is started, e.g. XR use case
	
	

	Direction 2: LP-WUS monitoring occasion is not determined based on timer(s) related C-DRX
	Option 4: located at any time regardless of whether DRX is configured or not
	
	


In our view, all the above directions on how to use the LP-WUS in RRC_CONNECTED based on DRX or not based on DRX are workable. We think all the directions/options should be captured in the TR as the output of study item, and the detailed design could be determined during WI phase. 
Proposal 3: Capture below directions on LP-WUS monitoring in TR, including with/without C-DRX. Details can be discussed/determined during WI phase. 
· Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX, including the following uses cases:
· monitoring LP-WUS outside DRX active time, e.g. similar as Rel-16 DCP.
· Monitoring LP-WUS during DRX active time, e.g. within the drx-onDurationTimer.
· Direction 2: LP-WUS monitoring occasion is not determined based on any timer related C-DRX, i.e. using LP-WUS to control PDCCH monitoring at any time. 
Secondly, regarding whether/how LP-WUS is used in conjunction with other legacy UE power saving techniques, we have analyzed the LP-WUS used together with Rel-17 PRCCH skipping above. While for Rel-16 DCP, we think in some scenarios DCP could also be used together with LP-WUS, e.g. for LP-WUS using option 3, in this case, UE could start the drx-onDurationTimer when Rel-16 DCP with an indication to start the drx-onDurationTimer is received, however, UE doesn’t monitor PDCCH during the onDurationTimer upon UE detects the LP-WUS with indication to activate/resume PDCCH monitoring. However, for option 1, since LP-WUS has a similar function to DCP, there is no motivation to use DCP and LP-WUS together. Regarding option 2 and option 4 in table 1, we could discuss them later after we have more processes on LP-WUS
And for Rel-17 SSSG switching, similar to the Rel-17 PDCCH skipping, it could also be used together with LP-WUS well without any restriction.
Observation 1: LP-WUS couldn’t be used in conjunction with Rel-16 DCP when LP-WUS is used to indicate whether to start the drx-onDurationTimer. 
Proposal 4: LP-WUS could be used naturally in conjunction with Rel-17 PDCCH monitoring adaptation, i.e. Rel-17 PDCCH skipping, and Rel-17 SSSG switching. 
2.3. RRM measurement 
In RAN1#121 bis meeting, it was agreed that RRM/RLM/BFD/CSI are performed by MR in RRC connected mode, and RAN1 will study whether additional support of RRM measurement by LP-WUR for RRC connected mode.
	· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.
· Study additional support of RRM measurement by LP-WUR for RRC connected mode


In current specification, the RRM measurement mainly intends to the mobility, i.e. ensure UE works in a serving cell with good quality via handover. For UEs with LP-WUR, UE’s MR is in a micro or light sleep power state and could perform RRM measurement normally, which is same as current DRX off state, hence the RRM measurement by MR is enough for mobility purposes. Regarding whether additional support of RRM measurement by LP-WUR is needed, it could be further studied if suitable use cases are discovered based on companies’ contributions.
Regarding other measurements, e.g. RLM/BFD/CSI/BM measurement, similarly, since the MR could perform measurement normally, there is no strong motivation to rely on the measurement on LR. 
Proposal 5: Current RRM/RLM/BFD/CSI/BM measurement is performed by Main Radio in RRC connected mode, no additional support of RRM/RLM/BFD/CSI/BM measurement by LP-WUR unless it is well justified.
3. Conclusion
In this contribution, we discuss the RRC_CONNECTED procedures with LP-WUS/WUR considering RAN1’s progress. Based on the discussion, we have the following observation and proposals:
Observation 1: LP-WUS couldn’t be used in conjunction with Rel-16 DCP when LP-WUS is used to indicate whether to start the drx-onDurationTimer. 
General procedure
Proposal 1: RAN2 study should focus on the procedure to use LP-WUS for RRC_Connected state to reduce power consumption while guaranteeing the latency performance. 
Proposal 2: LP-WUS is used to control MR PDCCH monitoring in RRC_Connected state, i.e., UE’s MR should wake up to monitor PDCCH when LP-WUS is received to indicate the UE to wake up. 
LP-WUS with legacy power saving features
Proposal 3: Capture below directions on LP-WUS monitoring in TR, including with/without C-DRX. Details can be discussed/determined during WI phase. 
· Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX, including the following uses cases:
· monitoring LP-WUS outside DRX active time, e.g. similar as Rel-16 DCP.
· Monitoring LP-WUS during DRX active time, e.g. within the drx-onDurationTimer.
· Direction 2: LP-WUS monitoring occasion is not determined based on any timer related C-DRX, i.e. using LP-WUS to control PDCCH monitoring at any time. 
Proposal 4: LP-WUS could be used naturally in conjunction with Rel-17 PDCCH monitoring adaptation, i.e. Rel-17 PDCCH skipping, and Rel-17 SSSG switching. 
RRM measurement 
Proposal 5: Current RRM/RLM/BFD/CSI/BM measurement is performed by Main Radio in RRC connected mode, no additional support of RRM/RLM/BFD/CSI/BM measurement by LP-WUR unless it is well justified.
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