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1	Introduction
The SI on LP-WUS was approved in [RP-222644] with the following objective related to RAN2:
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
In RAN1#114, RAN1 endorsed the TP for TR38.869 in [R1-2308434]. In RAN2#123, RAN2 started to discuss LP-WUS for the UE in RRC_CONNECTED focused on what the scope of RAN2 would be, and had a post email discussion [Post123][060], which provided proposals:
	Proposal 1. 	Network can configure LP-WUS outside DRX active time. In that case, LP-WUS can wake up MR to start procedures related to DRX timer(s). FFS which timer and whether/how it may co-exist with R16 DCP.
Proposal 2. 	RAN2 study whether/how LP-WUS may be used in conjunction with legacy UE power saving techniques. FFS with which techniques(s) and what impact it may have on MAC.
Proposal 3. 	Postpone study on the use of LP-WUR for RRM measurements in RRC Connected until its feasibility is confirmed by RAN1 and RAN4.
Proposal 4. 	In addition to the options agreed by RAN1 for de-/activating LP-WUS monitoring, UL transmission by MR also de-activates the monitoring of LP-WUS.



This contribution presents our view based on the outcome of [Post123][060]. 
2	Discussion
2.1	LP-WUS impact to DRX timer
In RAN1, it is assumed/evaluated the gain of LP-WUS in a scenario where the LP-WUS triggers the resumption of MR PDCCH monitoring from micro/light sleep, e.g., via starting a PDCCH Monitoring timer. For example, they assumed that the LP-WUS starts the drx-onDurationTimer or drx-InactivityTimer. 
Meanwhile, RAN1 is currently discussing how to group the UEs targeted by the LP-WUS, which would provide some benefit from overhead perspective, and agreed in RAN1#112bis-e that:
	For CONNECTED mode, study at least following candidates for content of LP-WUS 
· information on which user(s) is/are targeted by the LP-WUS 
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.



If LP-WUS is received, there can be scheduling for the UE. However, if a UE is in a LP-WUS group, the UE may not be scheduled even after waking-up by the LP-WUS. Meanwhile, give than XR traffic is one of key use cases for LP-WUS, it would be beneficial to start PDCCH monitoring immediately for reducing latency. Therefore, it should be possible for a UE to monitor the PDCCH immediately when waking-up by the LP-WUS and continues PDCCH monitoring if there is actual PDCCH scheduling.
For example, it is not necessary to start drx-InactivityTimer immediately when the UE is wake-up by the LP-WUS. Instead, the UE can stay in an Active time for a while to receive a PDCCH for scheduling 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. 
Alternatively, the UE can start drx-onDurationTimer immediately. In Rel-16, DCP has been introduced to allow more power saving by monitoring PDCCH on OnDuration only when indicated to do so. DCP and LP-WUS may be similar in terms of controlling the active time, e.g., OnDuration, but it wouldn’t be useful just to copy and past the DCP functions to LP-WUS and we think LP-WUS has the potential to be more dynamic power saving mechanism by taking advanced use cases into account, e.g., irregular but latency sensitive traffic such as XR. DCP is subject to constraints that starts the OnDuration at a specified time without any flexibility which is in conjunction with DCP monitoring duration. On the other hand, LP-WUS can be designed to control the OnDuration in a more dynamic manner, e.g., by starting drx-onDurationTimer immediately regardless of at which point in time LP-WUS is received, which allows urgent scheduling for latency sensitive data. Starting OnDuration only aligned with Short/Long DRX cycle may not be sufficient in Rel-18 and beyond, and enabling PDCCH monitoring shortly on dynamic OnDuration would be more attractive. 
In addition, it is worth notice in RAN1 discussion on PDCCH skipping, where the UE skips PDCCH monitoring until stopped by LP-WUS. In PDCCH skipping, RRM etc. measurements cannot be relaxed or reduced, which would then increase power consumption. Therefore, there would be inherent need to configure something very similar as DRX to enable RRM/CSI/RLM measurement relaxation. Dynamic OnDuration could be an effective means for measurement relaxation because measurement relaxation comes implicitly with DRX operation, i.e., aligned with OnDuration.
Proposal 1: RAN2 discuss how to allow immediate scheduling after reception of LP-WUS outside DRX active time by considering the following options:
· Option 1. LP-WUS starts drx-onDurationTimer immediately regardless of DRX cycle.
· Option 2. LP-WUS starts a new timer during which the UE monitors PDCCH scheduling a new UL and DL transmission.

2.2	Transition to LP-WUS monitoring from DRX active time
In [Post123][060], it has been proposed to use UL traffic arrival as one condition of deactivation of LP-WUS with an assumption that LP-WUS monitoring state should be aligned with the presence of traffic. If DL traffic arrives, it is quite clear that the UE should start PDCCH monitoring by receiving the LP-WUS. The question is how the UE goes back to LP-WUS monitoring by considering the traffic presence.
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. 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 2: 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	LP-WUS without DRX
As DRX is configurable, it should also be considered how LP-WUS would work without DRX. If DRX is not configured, the UE always monitors the PDCCH. Then, it should be discussed how the UE transits back to LP-WUS monitoring given that there is no timer running without DRX configuration. A new timer can be defined to control how long the UE is monitoring PDCCH monitoring and when the UE goes back to LP-WUS monitoring if DRX is not configured. For instance, the new timer starts by receiving the LP-WUS, restarts upon every scheduling, and the UE fallbacks to LP-WUS monitoring if the timer expires.
Proposal 3: Without DRX configuration, the UE should be able to transit to LP-WUS monitoring, and for this, RAN2 consider a new timer which starts by reception of LP-WUS and restarts upon every scheduling.
We also need to consider a risk that the UE may not be able to decode the LP-WUS well while the UE monitors LP-WUS, in which case, without DRX configuration, the UE may not be able to start PDCCH monitoring at all. Therefore, it seems necessary that the UE switches on the MR and monitors PDCCH at least periodically for a certain time duration. This would be like OnDuration in DRX, but the difference is that the UE needs to monitor PDCCH periodically only when LP-WUS is not received for a while, i.e., when the UE suspects that LP-WUS is lost.
Proposal 4: Without DRX configuration, the UE should be able to transit to PDCCH monitoring, and for this, RAN2 consider defining a periodic PDCCH monitoring which starts when LP-WUS is not detected for a certain time duration. 

2.4	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 main radio. However, it is unclear whether the main radio 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 main radio 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 main radio, in which cases further PDCCH monitoring after SPS/CG activation would be needlessly consuming power. Thus, RAN2 needs to study how to reduce unnecessary PDCCH monitoring when using SPS/CG. For instance, we can consider that the LP-WUS indicates SPS/CG activation.
Proposal 5: RAN2 to discuss the LP-WUS impact on SPS and CG Type 2.

2.6	LP-WUS resource management
RAN1 is currently discussing how to group the UEs targeted by the LP-WUS, which would provide some benefit from overhead perspective, and agreed in RAN1#112bis-e that:
	For CONNECTED mode, study at least following candidates for content of LP-WUS 
· information on which user(s) is/are targeted by the LP-WUS 
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.



When multiple UEs are grouped for LP-WUS, it should be flexible to assign LP-WUS resources and take them back to/from the LP-WUS group because the LP-WUS resources are limited. Considering the gain from LP-WUS, it would be generally preferred by the UE to use LP-WUS instead of eDRX, or there can be a UE which cannot maintain its battery life longer with eDRX, or which needs to join the LP-WUS group immediately with any urgent reason. Given that there can be a maximum number of UEs that can share the LP-WUS resource, RAN2 need to discuss how to assign/distribute the LP-WUS resources to a group of UEs for a case e.g., if a new UE needs to join the group while the LP-WUS resources are already served to the maximum number of UEs. For instance, the new UE can indicate how urgent it is to use the LP-WUS, and the gNB can collect preference from the UEs which already joined the LP-WUS group.
Proposal 6: RAN2 discuss how to allocate the LP-WUS resources flexibly, especially considering the case where the group of UEs share the LP-WUS resources.

2.7	LP-WUS and MBS
In SA2#150-e, SA2 asked RAN1 in [S2-2203020] whether it is useful for NG-RAN to receive from 5GC information on NR UE capabilities (e.g. RedCap) of the target recipients of MBS data in MBS broadcast mode. It was further discussed and concluded in RAN#96 that Rel-17 specifications do not prevent any UE, including RedCap UEs, to support MBS [RP-221861]. Therefore, it would be reasonable to see how MBS can be benefit from LP-WUS.
For current MBS operation, even if a UE has successfully received an initial transmission for a MBS multicast service, it does not know, if the next scheduling DCI is either:
· another new transmission 
· a retransmission on behalf of other UEs using that same MBS multicast service but which NACKed the initial transmission
 
until the main radio has decoded the New Data Field sent in the scheduling DCI.
 
This means the main radio must be fully ON to decode the New Data Field in the scheduling DCI, even though, that specific UE already receives the initial transmission successfully and the next scheduling DCI just indicates a retransmission for other UEs. If the UE can know in advance whether the next scheduling DCI is for another initial transmission or retransmission, the UE can stay in lower power state for longer. For instance, if the UE successfully receives the initial transmission and LP-WUS indicates the next scheduling DCI is for retransmission, i.e., not for another initial transmission, the UE stays in a lower power state and does not need to wake up the main radio. 

Proposal 7: RAN2 discuss how the LP-WUS can help UE not to wake-up the main radio unnecessarily by considering the MBS operation.
3	Conclusion
This document has proposed the followings:
Proposal 1: RAN2 discuss how to allow immediate scheduling after reception of LP-WUS outside DRX active time by considering the following options:
· Option 1. LP-WUS starts drx-onDurationTimer immediately regardless of DRX cycle.
· Option 2. LP-WUS starts a new timer during which the UE monitors PDCCH scheduling a new UL and DL transmission.
Proposal 2: 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 3: Without DRX configuration, the UE should be able to transit to LP-WUS monitoring, and for this, RAN2 consider a new timer which starts by reception of LP-WUS and restarts upon every scheduling.
Proposal 4: Without DRX configuration, the UE should be able to transit to PDCCH monitoring, and for this, RAN2 consider defining a periodic PDCCH monitoring which starts when LP-WUS is not detected for a certain time duration. 
Proposal 5: RAN2 discuss the LP-WUS impact on SPS and CG Type 2.
Proposal 6: RAN2 discuss how to allocate the LP-WUS resources flexibly, especially considering the case where the group of UEs share the LP-WUS resources.
Proposal 7: RAN2 discuss how the LP-WUS can help UE not to wake-up the main radio unnecessarily by considering the MBS operation.

