[bookmark: _Hlk145670493][bookmark: _Hlk117841894]3GPP TSG RAN WG1 #117			R1-2404298
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Agenda item: 	9.6.3
Source: 	Apple
[bookmark: Title][bookmark: _GoBack]Title:	LP-WUS operation in CONNECTED modes
[bookmark: DocumentFor]Document for:	Discussion/Decision
1  Introduction
In RP-234056 [1], the Release 19 work item on Low-power wake-up signal and receiver for NR (LP-WUS/WUR) has been approved and the normative work in RAN1 starts from RAN1 #116.  
The objective agreed for CONNECTED mode procedure enhancement is 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)
· 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 RAN1 #116bis meeting, further refine of the cases to be considered for LP-WUS triggering PDCCH monitoring was agreed in the which was the first meeting for the WI, the main agreements were made on listing the cases to be studied for the LP-WUS procedures to trigger PDCCH monitoring and on the options of activation/deactivation of LP-WUS monitoring.
In this contribution, we provide further considerations on the procedures that are needed for CONNECTED UEs to enable LP-WUS operation.
2  UE MR PDCCH triggered by LP-WUS
In RAN1 #116bis meeting, the following agreement is updated regarding the scenarios/cases to be considered to support LP-WUS triggering PDCCH monitoring in CONNECTED mode. 
	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:
· 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 Figure 1, we first illustrate our understanding on the difference of Option 1-1, Option 1-2-1 and Option 1-2-2. 
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Fig. 1 Illustration of Option 1-1 and Option 1-2
In Option 1-1, LP-WUS triggers the legacy drx-onDurationTimer. The LP-WUS monitoring occasions can be configured before the start of each drx-onDurationTimer. 
In Option 1-2-1 and 1-2-2, the C-DRX cycle could be configured larger than in Option 1-1, but due to the LP-WUS monitoring occasions are configured outside C-DRX Active Time, same latency as Option 1-1 if the LP-WUS monitoring periodicity in Option 2 is configured to be the same as C-DRX cycle in Option 1-1. 
The difference of Option 1-1 and Option 1-2 in terms of PDCCH monitoring is that different timers would be impacted. For Option 1-1, only the drx-onDurationTimer will be triggered by LP-WUS. However, for Option 1-2-1, besides triggering drx-onDurationTimer, LP-WUS could trigger PDCCH monitoring during the time not covered by drx-onDurationTimer, which could be defined by a new timer, e.g. lp-wusTriggeredTimer. For Option 1-2-2, the drx-onDurationTimer is not even triggered by LP-WUS, all the triggered PDCCH monitoring behaviors could be defined by the new timer, lp-wusTriggeredTimer. From UE behaviors perspective, Option 1-1 and Option 1-2-2 provide simpler UE implementation since only one timer is triggered by the LP-WUS. 
Observation 1: Option 1-1 and Option 1-2 can achieve similar latency if LP-WUS monitoring periodicity in Option 1-2 is configured as the same as C-DRX cycle in Option 1-1.
Observation 2: In terms of PDCCH monitoring timers triggered by LP-WUS, Option 1-1 and Option 1-2-2 provides simpler operations compared with Option 1-2-1, while Option 1-1 does not introduce any new timer behaviors. 
· For Option 1-1, only drx-onDurationTimer needs to be activated by LP-WUS, no change to other timer behaviors.
· For Option 1-2-2,  a new timer should be defined based on the LP-WUS triggering for PDCCH monitoring regardless of the drx-onDurationTimer.

In terms of power saving gain, the measurement requirement is also a key factor.  
For RRM/RLM/BFD, when DRX is configured, the requirements are basically defined based on the DRX cycle. For fair comparison, to achieve the same latency performance, the C-DRX cycle in Option 1-1 would be smaller than that in Option 1-2-2. According to legacy measurement requirement, requirements for measurement would be looser in Option 1-2-2 due the larger value of C-DRX cycle. 
However, for Option 1-2-2, the measurement behaviors within the PDCCH monitoring timer triggered by the LP-WUS also need to be discussed. For example, UE could perform measurement within the timer since anyway the UE wakes up for PDCCH monitoring. On the other hand, for Option 1-1, if the measurement requirement can be considered to be relaxed, Option 1-1 and Option 1-2-2 would basically achieve the same UE power saving gain. 
Table 1. Comparison of spec impacts of Option 1-1 and Option 1-2-2
	
	PDCCH monitoring triggered by LP-WUS
	Measurement requirement

	Option 1-1
	No new timers defined, LP-WUS triggers drx-onDurationTimer.
	Consider RRM/RLM/BFD measurement requirement relaxation by introducing a relaxation factor. 

	Option 1-2-2
	At least a new timer needs to be defined based on LP-WUS detection.
	Legacy measurement requirement could be followed. 
FFS: measurement behaviors within the new PDCCH monitoring timer triggered by LP-WUS 



Observation 3: For Option 1-2-2, it needs to be discussed whether measurement is needed during the PDCCH monitoring period triggered by LP-WUS. 
Observation 4: Option 1-1 and Option 1-2-2 can achieve similar power saving gain if measurement requirement based on C-DRX cycle can be relaxed in Option 1-1.

Based on the above analysis, we think Option 1-1 and Option 1-2 could be considered in a unified design to achieve the same result.
Proposal 1: Consider a unified design for Option 1-1 and 1-2 to achieve the same power saving gain through one of the following alternatives: 
· Alt 1: Support Option 1-1, further consider measurement requirement relaxation for UE power saving.
· Alt 2: Support Option 1-2-2, where LP-WUS monitoring periodicity is configured as an integer fraction of the C-DRX cycle, or C-DRX cycle is configured as multiples of LP-WUS monitoring periodicity.

For Option 1-3, we discuss in the next section on the LP-WUS and PDCCH monitoring relationships, but before we discuss on how LP-WUS is monitored and PDCCH is triggered, it needs to be first discussed about the definition of C-DRX Active Time.
If Option 1-1 is supported, the drx-onDurationTime is the legacy C-DRX Active Time as defined. However, if Option 1-2 is supported, the PDCCH monitoring triggered by LP-WUS is not legacy C-DRX Active Time, while we consider it needs to be included in the C-DRX Active Time. 
Proposal 2: If Option 1-2 is supported, the PDCCH monitoring duration triggered by LP-WUS is included in C-DRX Active Time.
Proposal 3: Option 1-3 is updated as: 
· 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.

3  Activation and deactivation procedure of LP-WUS 
In this section, we discuss about the activation and deactivation procedures of LP-WUS, where the following options listed in RAN1 #116 meeting can be applied to the different options. 
	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.



For Option 1-1 and Option 1-2, the LP-WUS occasions are basically outside the Active Time, it is straightforward to support the activation/deactivation of LP-WUS in the similar way as legacy WUS signaling, i.e. once configured, the LP-WUS is activated, UE monitors LP-WUS according to the configuration. The deactivation of LP-WUS is also based on the RRC signaling, i.e. release of the configuration. 
Proposal 4: For Option 1-1 and 1-2, activation/deactivation of LP-WUS monitoring is based on RRC configuration, i.e. Option 1, no additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring. 
For Option 1-3, considering the default behavior during the Active Time is PDCCH monitoring, there needs to be additional conditions to activate the LP-WUS monitoring. 
For activation of LP-WUS, we think Option 2 and Option 3 and their combinations could be considered. For example, an L1/L2 signaling explicitly indicates the start of LP-WUS monitoring. Or a timer could be defined from the start of the C-DRX ON duration, when no PDCCH is monitored within the timer, UE starts LP-WUS monitoring. Or a L1/L2 signaling indicates a time duration, if no PDCCH is monitored within the duration after the signaling, UE starts LP-WUS monitoring. 
For deactivation of LP-WUS, we think it needs to be further categorized into two sub-cases:
· Case A: UE switches between LP-WUS monitoring and PDCCH monitoring 
· Case B: UE keeps monitoring LP-WUS while monitoring PDCCH 
Under Case A, in general, the activation of PDCCH means the deactivation of LP-WUS, which can be viewed as an implicit indication. Another implicit case to wake up the PDCCH monitoring is the need for UL transmission, so that the LP-WUS monitoring is deactivated. Thus, Option 4 should be considered for deactivation of LP-WUS. 
Under Case B, since the UE keeps monitoring LP-WUS irrespective of PDCCH monitoring, the deactivation of LP-WUS can not be determined by the wake up of PDCCH monitoring. Therefore, the explicit signaling in Option 2 is more suitable.
Proposal 5: For Option 1-3, L1/L2 signaling based activation (Option 2) or timer-based activation (Option 3) of LP-WUS monitoring should be considered.
Proposal 6: For deactivation of LP-WUS monitoring under Option 1-3, which option should be considered depends on the relationship of LP-WUS and PDCCH monitoring: 
· Case A: UE switches between LP-WUS monitoring and PDCCH monitoring, Option 4 (based  on implicit indication/condition) can be considered.
· Case B: UE can keep monitoring LP-WUS while monitoring PDCCH , Option 2 (L1/L2 signaling) is needed. 
4  Conclusion
In this contribution, the consideration on the procedures that are needed for CONNECTED UEs to enable LP-WUS operation are provided and the following proposals are made: 
Observation 1: Option 1-1 and Option 1-2 can achieve similar latency if LP-WUS monitoring periodicity in Option 1-2 is configured as the same as C-DRX cycle in Option 1-1.
Observation 2: In terms of PDCCH monitoring timers triggered by LP-WUS, Option 1-1 and Option 1-2-2 provides simpler operations compared with Option 1-2-1, while Option 1-1 
· For Option 1-1, only drx-onDurationTimer needs to be activated by LP-WUS, no change to other timer behaviors.
· For Option 1-2-2,  a new timer should be defined based on the LP-WUS triggering for PDCCH montioring regardless of the drx-onDurationTimer.
Observation 3: For Option 1-2-2, it needs to be discussed whether measurement is needed during the PDCCH monitoring period triggered by LP-WUS. 
Observation 4: Option 1-1 and Option 1-2-2 can achieve similar power saving gain if measurement requirement based on C-DRX cycle can be relaxed in Option 1-1.

Proposal 1: Consider a unified design for Option 1-1 and 1-2 to achieve the same power saving gain through one of the following alternatives: 
· Alt 1: Support Option 1-1, further consider measurement requirement relaxation for further power saving.
· Alt 2: Support Option 1-2-2, where LP-WUS monitoring periodicity is configured as an integer fraction of the C-DRX cycle, or C-DRX cycle is configured as multiples of LP-WUS monitoring periodicity.
Proposal 2: If Option 1-2 is supported, the PDCCH monitoring duration triggered by LP-WUS is included in C-DRX Active Time.
Proposal 3: Option 1-3 is updated as: 
· 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 4: For Option 1-1 and 1-2, activation/deactivation of LP-WUS monitoring is based on configuration, i.e. Option 1  (No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring). 
Proposal 5: For Option 1-3, L1/L2 signaling based activation (Option 2) or timer-based activation (Option 3) of LP-WUS monitoring should be considered.
Proposal 6: For deactivation of LP-WUS monitoring under Option 1-3, which option should be considered depends on the relationship of LP-WUS and PDCCH monitoring: 
· Case A: UE switches between LP-WUS monitoring and PDCCH monitoring, Option 4 (based  on implicit indication/condition) can be considered. 
· Case B: UE can keep monitoring LP-WUS while monitoring PDCCH , Option 2 (L1/L2 signaling) is needed. 
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