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1 Introduction
At RAN#103 meeting, a revised version for the WID for Low Power Wake-up Signal and Receiver was approved [1], following is the objective about LP-WUS operation in CONNNECTED mode:
	· 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 paper, we will discuss the potential RAN2 impacts with LP-WUS/WUR in RRC_CONNECTED state.
2 [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Discussion
2.1 ·LP-WUS use option
In RAN1#116bis meeting, updated options to trigger MR PDCCH monitoring with LP-WUS for RRC_CONNECTED UE were agreed as following [2]:
	Agreement
Update the following agreement in RAN1#116 in red:
Agreement
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· [bookmark: _Hlk166246662]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



Option 1-1
For Option 1-1, the UE monitors LP-WUS according to the LP-WUS monitoring configuration before drx-onDurationTimer, which may be indicated as an offset to drx-onDurationTimer to trigger the starting of the drx-onDurationTimer, similar to the function of DCP. The example for Option 1 is shown as Figure 1.


Figure 1: Example for Option 1-1
[bookmark: _Hlk165999908]With Option 1-1, the UE may get power saving gain with less periodical PDDCH monitoring triggered by the start of drx-onDurationTimer. And this option may have the minimum specification impacts. In this option, the UE only need to monitor LP-WUS on an offset before Onduration of C-DRX cycle.
Observation 1: The UE could obtain power saving gain with less periodical PDDCH monitoring triggered by the start of drx-onDurationTimer.
Observation 2: In Option 1-1, the UE only need to monitor LP-WUS on an offset before Onduration of C-DRX cycle.
Option 1-2
Compared with Option 1-1, Option 2 provides more PDCCH monitor or data transmission opportunities and it can avoid unexpected transmission latency due to C-DRX cycle. Option 1-2 is more suitable to the services without fixed periodicity, e.g. FTP services.
Observation 3: Option 1-2 provides more PDCCH monitoring or data transmission opportunities and less transmission latency, and it is suitable for the services without fixed periodicity, e.g. FTP services.
As agreed in RAN1, Option 1-2-1 should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX, if it is adopted. In other words, except the fixed location before drx-onDurationTimer, the UE may monitor LP-WUS in the whole drx-off period with duty-cycled mode, while for Option 1-2-2, UE will monitor LP-WUS irrespective of C-DRX configuration. For Option 1-2-1 and 1-2-2, a new “active time” is triggered different from drx active time, therefore, new timer(s) for the active time triggered by LP-WUS should be introduced. Figure 2 and Figure 3 are the examples for Option 1-2-1 and Option 1-2-2. 
In SI phase, two kinds of LP-WUS operation were studied: “continuous” and “duty-cycled” [3]. Based on the WID, At least duty-cycled monitoring of LP-WUS is supported, to reduce the LP-WUS monitoring power consumption, it is preferred that UE monitor LP-WUS with “duty-cycled” mode. And similar discussion can be applied to Option 1-2-2, “duty-cycled” LP-WUS monitoring is sufficient. Figure 2 and Figure 3 are the examples for Option 1-2-1 and Option 1-2-2.


Figure 2: Example for Option 1-2-1


Figure 3: Example for Option 1-2-2
Option 1-3
Both Option 1-1 and Option 1-2 are used to trigger the MR into active time for PDCCH monitoring,  which means that with only Option 1-1 or Option 1-2, once MR is activated, the UE need to always monitor all PDCCH occasions. While Option 1-3 works inside UE’s active time, with LP-WUS indication, UE can skip some PDCCH occasions monitoring for further power saving. Option 1-3 is more suitable for XR service, which the service is periodic, but there is jitter for each packet, and LP-WUS can be used to jitter handling in this case. Figure 4 is the example for Option 1-3.
Observation 4: Option 1-3 is suitable for XR service, which the service is periodic, but there is jitter for each packet, and LP-WUS can be used to jitter handling in this case.


Figure 4: Example for Option 1-3
Based on the analysis above, different options are used for different use cases. Therefore, RAN2 can start with the LP-WUS use options identified by RAN1.
For Option 1-2 and Option 1-3, duty-cycle mode LP-WUS operation is preferred. Besides, it can be considered to introduce offset between LP-WUS monitor occasion and the first PDCCH monitor occasion of the active time and PDCCH monitoring duration for Option 1-2 and Option 1-3. 
What’s more, as mentioned above, Option 1-1, 1-2 and Option 1-3 can be applied before active time and inside active time, therefore, Option 1-3 can be configured together with Option 1-1 or Option 1-2-2.
Proposal 1: RAN2 can start with the LP-WUS use options identified by RAN1:
· 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.
Proposal 2: For Option 1-2 and Option 1-3, duty-cycled LP-WUS operation is preferred.
Proposal 3: For Option 1-2 and Option 1-3, RAN2 can discuss whether to introduce the following parameters:
· Offset between LP-WUS monitor occasion and the first PDCCH monitor occasion of the active time 
· PDCCH monitoring duration
· New timers for the MR’s active time triggered by LP-WUS
Proposal 4: Option 1-3 can be configured together with Option 1-1 or Option 1-2.
2.2 Configuration and (de)activation of LP-WUS monitoring
In RAN1#116 meeting, gNB RRC signalling based LP-WUS enable/disable is agreed and whether additional options on top of it is for further study [4]. 
	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
· 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.



Considering the motivation of using LP-WUS in CONNECTED mode is to reduce the PDCCH monitoring power consumption while guarantee the latency performance, it is not necessary to adapt the on/off of LP-WUS monitoring frequently based on fast L1/L2 enable/disable signalling. Besides, UE assistance information can be introduced to assist gNB to enable/disable the LP-WUS monitoring. For example, when a UE is in lower battery status, UE can report to gNB that it prefers to activate the LP-WUS monitoring function. As to the condition based activation/deactivation mechanism, similar performance can be achieved by proper network configuration based on UE reported information, including UE assistant information and SR/BSR. Therefore, in our understanding, Option 3 and Option 4 can be achieved by network implementation. 
Proposal 5: RRC signalling based approach is used to enable LP-WUS monitoring in RRC_CONNECTED.
Proposal 6: Once the UE receives LP-WUS monitoring configuration, it start LP-WUS monitoring based on the configuration. 
Proposal 7: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring. LP-WUS monitoring is only enabled(activated) or disable(deactivated) by RRC signalling.
Proposal 8: UE assistance information can be introduced to assist gNB to enable/disable the LP-WUS monitoring. 
2.3 Co-existence with other power saving mechanisms
Co-existence with DCP
Based on the discussion in Section 2.1, Option 1-1 has similar functionality with DCP, which can trigger the PDCCH monitoring in DRX active time, while Option 1-2 and Option 1-3 is more flexible to trigger PDCCH monitoring in drx off period or within DRX active time, therefore, there’s no need to configure DCP and LP-WUS for RRC_CONNECTED PDCCH monitoring simultaneously.
Proposal 9: There’s no need to configure or activate DCP and LP-WUS (at least Option 1-1) for RRC_CONNECTED PDCCH monitoring simultaneously.
Co-existence with PDCCH monitoring skipping
For PDCCH skipping/SSSG switching, we think it can be combined with LP-WUS options on the table. For example, PDCCH skipping can be used as the indication of stop of PDCCH monitoring as in Figure 1. That is if WUR detects the LP-WUS, MR starts to monitor PDCCH until receives the PDCCH skipping indication. 


Figure 5. LP-WUS coexistence with PDCCH skipping
Proposal 10: LP-WUS procedure and Rel-17 PDCCH skipping/SSSG switching can be configured or activated to one UE simultaneously.
3 Conclusions
[bookmark: _Hlk47377607]In this contribution, we discuss the LP-WUS operation in RRC_CONNECTED mode, and the following proposal and observations are made.
Proposals:
Proposal 1: RAN2 can start with the LP-WUS use options identified by RAN1:
· 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.
Proposal 2: For Option 1-2 and Option 1-3, duty-cycled LP-WUS operation is preferred.
Proposal 3: For Option 1-2 and Option 1-3, RAN2 can discuss whether to introduce the following parameters:
· Offset between LP-WUS monitor occasion and the first PDCCH monitor occasion of the active time 
· PDCCH monitoring duration
· New timers for the MR’s active time triggered by LP-WUS
Proposal 4: Option 1-3 can be configured together with Option 1-1 or Option 1-2.
Proposal 5: RRC signalling based approach is used to enable LP-WUS monitoring in RRC_CONNECTED.
Proposal 6: Once the UE receives LP-WUS monitoring configuration, it start LP-WUS monitoring based on the configuration. 
Proposal 7: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring. LP-WUS monitoring is only enabled(activated) or disable(deactivated) by RRC signalling.
Proposal 8: UE assistance information can be introduced to assist gNB to enable/disable the LP-WUS monitoring. 
Proposal 9: There’s no need to configure or activate DCP and LP-WUS (at least Option 1-1) for RRC_CONNECTED PDCCH monitoring simultaneously.
Proposal 10: LP-WUS procedure and Rel-17 PDCCH skipping/SSSG switching can be configured or activated to one UE simultaneously.
Observations:
Observation 1: The UE could obtain power saving gain with less periodical PDDCH monitoring triggered by the start of drx-onDurationTimer.
Observation 2: In Option 1-1, the UE only need to monitor LP-WUS on an offset before Onduration of C-DRX cycle.
Observation 3: Option 1-2 provides more PDCCH monitoring or data transmission opportunities and less transmission latency, and it is suitable for the services without fixed periodicity, e.g. FTP services.
Observation 4: Option 1-3 is suitable for XR service, which the service is periodic, but there is jitter for each packet, and LP-WUS can be used to jitter handling in this case.
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