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Introduction
In RAN #116 and #116-bis meeting, the agreements listed in the appendix were achieved on LP-WUS operation in CONNECTED mode [1][2].
In this contribution, we further share our views on LP-WUS functionality and operation details in connected mode.
Discussion
On the LP-WUS procedure triggering PDCCH monitoring, below options was updated in RAN1#116-bis meeting for further study. 
	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 our view, due to limited time, Option 1-1 is sufficient for LP-WUS operation in CONNECTED mode to achieve power saving gain with less specification effort and clear UE behaviour. It also reduce RAN2 work as only drx-onDurationTimer related behavior is handled. Option 1-2 and 1-3 can have some merit if inside and outside active time are merged but given the difference of the views, it can be discussed in the future release.
Proposal 1: Option 1-1 is adopted that LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.

Regarding the time gap between LP-WUS and PDCCH monitoring, below agreement was obtained in RAN1#116 meeting.
	Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one


On LP-WUS processing time, this may depend on the LP-WUR architecture and implementation. We assume one to several ms level processing time and are open to hear opinions from other companies.
On MR transition time for ramp up, this depends on the sleep mode of MR and also up to implementation. Although we prefer to assume MR in micro-sleep mode which means 0 ms, we are okay to also discuss about several ms level, in case MR is in light sleep mode.
On time/frequency synchronization of MR, this depends on the time offset from detected LP-WUS and SSB and the number of sampled SSB bursts used for measurement and tracking.
Considering above,
Proposal 2: The minimum time offset from the LP-WUS to the first PDCCH MO should consider several ms plus the time offset from the LP-WUS to [1~3] SSB burst before PDCCH MO.

On the PDCCH monitoring and LP-WUS monitoring activation/deactivation:
	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.


Even when LP-WUS is configured for PDCCH monitoring, PDCCH monitoring would be always required from UE side as LP-WUS does not necessarily carry all necessary information for PDSCH/PUSCH scheduling . Therefore, the question would be to what extend LP-WUS monitoring situation should be informed to NW.
When channel condition is too poor to receive LP-WUS, it is beneficial for UE to switch to PDCCH monitoring and report to gNB so gNB can stop transmitting LP-WUS for less system overhead. When channel condition is within certain tolerant range, UE may rely on the LP-WUS monitoring. Therefore, 

Conclusion Proposal 3: From network side, LP-WUS transmission is based on RRC configuration/reconfiguration. From UE side, LP-WUS monitoring may be only performed in proper channel condition but PDCCH monitoring would be always required from UE side. UE may trigger failure by L1/L3 measurement report.
Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Option 1-1 is adopted that LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
Proposal 2: The minimum time offset from the LP-WUS to the first PDCCH MO should consider several ms plus the time offset from the LP-WUS to [1~3] SSB burst before PDCCH MO.
Proposal 3: From network side, LP-WUS transmission is based on RRC configuration/reconfiguration. From UE side, LP-WUS monitoring may be only performed in proper channel condition but PDCCH monitoring would be always required from UE side. UE may trigger failure by L1/L3 measurement report.

Reference
[1] 3GPP RAN1 #116-bis meeting Chairman’s notes
[2] 3GPP RAN1 #116 meeting Chairman’s notes


Appendix
Agreements from RAN1#116-bis meeting
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


Agreements from RAN1#116 meeting
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 C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside 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.



Agreement
For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 
· FFS value X, which is no more than [8 or 16]

Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one



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.
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