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Introduction
In the RAN1#116, the following agreements on LP-WUS operation in RRC-CONNECTED mode were achieved:
	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.




In this contribution, we provide our views on LP-WUS operation in RRC CONNECTED mode.   
Discussion
1.1 LP-WUS configuration in RRC_CONNECTED
First of all, in RRC_IDLE/INACTIVE, it is expected that a LP-WUS configuration applied to a group of RRC_IDLE/INACTIVE UEs will be introduced, e.g., the LP-WUS configuration is provided in system information for all UEs, and each LP-WUS capable UE may, based on its specific parameter such as UE-ID to determine which LP-WUS resource it will apply. It is noted that in this way, multiple UEs will be associated with the same LP-WUS resource, which causes false alarm issues (i.e., unnecessary wake-ups by indications intended for the other UEs). However, for LP-WUS operation in RRC_CONNECTED, the UE can receive dedicated RRC signaling and has UE-specific monitoring resources, so besides common LP-WUS configuration, the UE-specific LP-WUS configuration is possible for RRC_CONNECTED UE.
For UE-specific LP-WUS configuration, the network could use dedicated RRC signaling such as RRCSetup, RRCResume during RRC connection establishment, or RRCReconfiguration during RRC_CONNECTED to provide the UE-specific LP-WUS configuration to the UE. Since the LP-WUS monitoring resource is dedicated to each individual UE, no false alarm issue will be introduced then. 
On the other hand,  group-common LP-WUS can also be considered for RRC_CONNCTED to improve network resource efficiency. The group common LP-WUS can be jointly designed with the legacy DCP mechanism (i.e., wake up signal for C-DRX) to improve the false alarm of wake-up. For example, the UE could firstly monitor a group-common LP-WUS, after a wake-up indication is received, UE may monitor a DCP to further check whether a wake-up indication for it is comprised, and UE may fallback to LP-WUS monitoring if no wake-up indication is received. Through this method, a better tradeoff between power saving and false wake-up rate can be achieved. .


Proposal 1: support group-common LP-WUS for RRC_CONNECTED, and the group common LP-WUS can be used in combination with DCP to further reduce power consumption. 
1.2 LP-WUS wake-up procedure in RRC_CONNECTED
In RAN1#116, two cases and several options for case 1 for the LP-WUS procedures to trigger PDCCH monitoring were agreed for further study. In our view, case 1, i.e., LP-WUS combined with C-DRX, can be supported to further improve the power saving of C-DRX. The following figure gives an example for option 1-1 of case 1, where an LP-WUS monitoring occasion is configured for each drx-onDurationTimer based on e.g., offset in every C-DRX cycle, once LP-WUS is detected, the UE starts drx-onDurationTimer to enter Active Time for PDCCH monitoring. Otherwise the UE keeps in inactive mode until the next C-DRX cycle. Since the power consumption of LP-WUS monitoring is less than DCP monitoring by MR, further power saving gain can be achieved by replacing DCP with LP-WUS.  The difference between option 1-2 and option 1-1 is whether UE can start PDCCH monitoring irrespective of the on-duration timer. In our view, option 1-2 may be beneficial for the traffic with unpredictable jitter of arrival time, e.g., XR services, therefore it can also be further considered.
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Regarding option 1-3, from our point of view, the benefit of monitoring LP-WUS during C-DRX active time (e.g., for XR use case) is not clear. In C-DRX active time, UE has already started monitoring PDCCH by its MR when the on-duration timer is running, which means the power consumption is already in a relatively high level, therefore monitoring LP-WUS during the active time may not bring significant power saving gain. To better exploit the power saving gain, other power saving techniques, e.g., SSSG switching, may be jointly designed with the LP-WUS mechanism, and it should be further discussed.
For the case 2, an LP-WUS monitoring occasion can be located at any time without C-DRX config. In this way, the configuration of LP-WUS could be more flexible so that UE can detect data/signal arrival by LP-WUS in a timely manner. When LP-WUS is detected, a new active time can be started, e.g., drx-InactivityTimer (with C-DRX config) or new activeTimerLPWUS (without C-DRX config) to let UE monitor PDCCH within the timer. However, in our view, compared to case 1, the benefit of case 2 is not clear and the standard effort is higher, therefore the case 2 should not be considered in Rel-19 LP-WUS.
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Proposal 2: for LP-WUS procedures to trigger PDCCH monitoring, support case 1 and do not support case 2. 
Proposal 3: support LP-WUS monitoring occasion located at any time outside C-DRX active time.
Conclusion
In this contribution, we discuss the LP-WUS operation in RRC CONNECTED mode, and the following proposals are made:
Proposal 1: support group-common LP-WUS for RRC_CONNECTED, and the group common LP-WUS can be used in combination with DCP to further reduce power consumption. 
Proposal 2: for LP-WUS procedures to trigger PDCCH monitoring, support case 1 and do not support case 2.
Proposal 3: support LP-WUS monitoring occasion located at any time outside C-DRX active time.
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