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1	Introduction
This contribution discusses LP-WUS procedures in RRC_CONNECTED including activation/deactivation procedure of LP-WUS Monitoring.
2	Discussions
2.1	Focused cases and option
In RAN2#116bis meeting, RAN1 discussed LP-WUS in RRC_CONNECTED, where the progress was a bit slow with an update of the 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 RAN1, the case 2 was ruled out as this option would have significant specification impact on CSI and RRM, which are linked with C-DRX operation today [R1-2403714].
Proposal 1. Confirm that LP-WUS without C-DRX configuration is out of scope in RAN2. 
For case 1, we have three options:
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· 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.
· 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.
As discussed during the study phase, option 1-1 is sort of replacing the DCI-based DCP, which may have the least specification impact as the most of existing mechanisms would be reused. In our view, option 1-1 introduces a duplicated feature via different signalling with questionable gain. Thus, we propose option 1-1 is excluded in RAN2.
Proposal 2. Option 1-1, where LP-WUS is replacing DCI-based DCP, is excluded in RAN2. 
We think the goal in RAN2 is clearly having a nicer mechanism than the existing one, i.e., DCI-based DCP. 
Option 1-3 aims at reducing power consumption within the Active Time. We can check two timers for example – drx-onDurationTimer and drx-InactivityTimer. The drx-onDurationTimer can be from ms1 to ms1600, but it is likely to be set to a small value if power consumption matters. Skipping PDCCH monitoring within such short On Duration would not bring much gain. Meanwhile, the drx-InactivityTimer is started by a new scheduling. Thus, it doesn’t make sense to start PDCCH monitoring in the middle of drx-InactivityTimer. For drx-InactivityTimer, it may be good to stop PDCCH monitoring before expiry of drx-InactivityTimer but it still gives limited benefit as the UE may need retransmission, which controls further Active Time by retransmission timers. 
In addition, considering the wake-up time, it is questionable how option 1-3 would work with e.g., 6ms for light sleep state, without sacrificing necessary PDCCH monitoring. In our view, the benefit of option 1-3 is still questionable while the pain is quite critical. Therefore, we propose option 1-2 is also excluded in RAN2.
Proposal 3. Option 1-3 is excluded in RAN2.
One of the goals with option 1-2 is to make the UE quickly start PDCCH monitoring anytime, i.e., even outside Active Time. This is attractive because the UE can maximize power saving via long cycle with short on duration but still ready to be scheduled immediately. The specification impact might not be negligible in both RAN1 and RAN2 because not only the LP-WUS monitoring itself, e.g., occasion, but also the interaction with DRX need to be discussed. We think, however, the benefit justifies the work on option 1-2. Note that option 1-2 does not exclude starting drx-onDurationTimer, but the intent shouldn’t be a simple copy and paste of DCP mechanism.
Proposal 4. RAN2 focus on option 1-2. 

2.2	Activation/Deactivation of LP-WUS monitoring
2.2.1	gNB awareness
RAN1 has agreed that LP-WUS monitoring by UE is known to gNB and it is FFS whether implicit/explicit indication from UE is necessary. It should be noted that the coverage of LP-WUS can be different than the NR coverage and devices may equipped with different type of LR receiver with different performance. For these reasons NW is not always aware whether the UE is monitoring the LP-WUS or not. If the UE is not monitoring LP-WUS then NW should be aware of this, because otherwise NW resources are wasted for LP-WUS, which is not monitored by the UE. 
Proposal 5. RAN2 to discuss explicit UE indication on LP-WUS monitoring status.

2.2.2	Start of PDCCH monitoring
Once the UE starts LP-WUS monitoring, the next issues are how to start the PDCCH monitoring, and/or which timer is started.
RAN1 agreed to use subgrouping concept while the detailed signalling is still under discussion. From RAN2 perspective, this would have impact on the conditions how to start PDCCH monitoring. For example, it may not be necessary to start drx-InactivityTimer or drx-onDurationTimer immediately when the UE is wake-up by the LP-WUS. Instead, the UE can stay in an Active time for a while and start drx-InactivityTimer when a PDCCH for a new UL/DL scheduling is received (as legacy). If no scheduling is received during the period of waiting for PDCCH for a new UL/DL scheduling, the UE may just go back to LP-WUS monitoring mode. 
Proposal 6. RAN2 discuss how to start the PDCCH monitoring when the UE wakes up by LP-WUS:
· Option 1. The UE starts PDCCH monitoring with legacy DRX timers.
· Option 2. The UE starts PDCCH monitoring with a new timer. The UE continues PDCCH monitoring if PDCCH for the UE is received within the new timer.

2.2.3	Exiting PDCCH monitoring
Once the UE starts PDCCH monitoring, the next question is how the UE goes back to LP-WUS monitoring.
In DRX, data inactivity can be inferred by drx-InactivityTimer, hence one possible option would be that the UE switches back to LP-WUS monitoring if drx-InactivityTimer expires. This would need to consider need of retransmission. Alternatively, we can rely on DRX cycles to deduce very low traffic activity. For instance, the UE may transit to LP-WUS monitoring when the UE starts to use the Long DRX cycle, i.e., when drx-ShortCycleTimer expires or DRX command MAC CE for long DRX cycle is received. 
In our view, both options have its own plus and minus, e.g., switching back to LP-WUS monitoring upon expiry of drx-InactivityTimer brings more power saving gain but it would be safer to transit back to LP-WUS monitoring only when very low traffic activity is expected, i.e., when Long DRX cycle starts. 
Proposal 7. RAN2 discuss how to transit back to LP-WUS monitoring by considering traffic activity based on DRX timer/cycle. 
· Option 1. The UE switches back to LP-WUS monitoring when drx-InactivityTimer expires.
· Option 2. The UE switches back to LP-WUS monitoring when the UE starts to use the Long DRX cycle.

2.3	SPS and CG
For RRC_CONNECTED, RAN1 agreed that LP-WUS indicates to wake-up PDCCH monitoring. It was further agreed that RLM/BFD/CSI as well as RRM measurements are performed by the MR. However, it is unclear whether the MR keeps the SPS and CG resources activated while monitoring the LP-WUS. 
If SPS and CG are assumed deactivated while monitoring LP-WUS, the gNB needs to send the LP-WUS to wake up the MR and then activates the SPS/CG via DCI, i.e., the activation command. This would introduce latency and power consumption because the UE waits for receiving the activation command after starting the PDCCH monitoring. Moreover, the gNB may intend to rely on SPS/CG scheduling instead of dynamic scheduling in the MR, in which cases further PDCCH monitoring after SPS/CG activation would be needlessly consuming power. 
Thus, RAN2 needs to discuss how to reduce unnecessary PDCCH monitoring when using SPS/CG. For instance, we can consider that the LP-WUS indicates SPS/CG activation.
Proposal 8. RAN2 to discuss the LP-WUS impact on SPS and CG Type 2.
3	Conclusion
Proposal 1. Confirm that LP-WUS without C-DRX configuration is out of scope in RAN2. 
Proposal 2. Option 1-1, where LP-WUS is replacing DCI-based DCP, is excluded in RAN2. 
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
Proposal 3. Option 1-3 is excluded in RAN2.
· 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. RAN2 focus on option 1-2. 
· 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.
Proposal 5. RAN2 to discuss explicit UE indication on LP-WUS monitoring status.
Proposal 6. RAN2 discuss how to start the PDCCH monitoring when the UE wakes up by LP-WUS:
· Option 1. The UE starts PDCCH monitoring with legacy DRX timers.
· Option 2. The UE starts PDCCH monitoring with a new timer. The UE continues PDCCH monitoring if PDCCH for the UE is received within the new timer.
Proposal 7. RAN2 discuss how to transit back to LP-WUS monitoring by considering traffic activity based on DRX timer/cycle. 
· Option 1. The UE switches back to LP-WUS monitoring when drx-InactivityTimer expires.
· Option 2. The UE switches back to LP-WUS monitoring when the UE starts to use the Long DRX cycle.
Proposal 8. RAN2 to discuss the LP-WUS impact on SPS and CG Type 2.




