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1	Introduction
For LP-WUS/WUR, the new WI (Work Item) started from Rel-19. RP-240801 WID [1] specified that the LP-WUS procedures, configurations, and RRM relaxation will be studied in the case of RRC IDLE/INACTIVE mode, as shown below.
	· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)


In this contribution, we will first take a look at the entry/exit condition and the related agreements and key proposals decided on at RAN1/RAN2 Study Item meeting so far. Then, we would like to discuss the LP-WUS entry/exit condition for LP-WUS monitoring in RRC IDLE/INACTIVE state.
2	Discussion
2.1	RAN1/RAN2 agreements and key proposals to date
The entry/exit condition(s) for when to start and end LP-WUS monitoring and how to configure them have been discussed in RAN1/RAN2 SI discussion. We need to take a look the historical agreements to date and consider the RAN1 SI agreements for alignment. First, we look at the RAN2 agreements and the following was made in RAN2#123 meeting and offline discussion [2], [3].
	Proposal 1. Entry/exit condition(s) of using LP-WUS is configured in SIB. 
Proposal 2: FFS via RRC dedicated signaling, e.g. by RRC release.
Proposal 3: Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS.  
Proposal 4: UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled. The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR.
Proposal 5: FFS the serving cell quality measurement on LR is based on LP-SS and/or SSB (pending RAN1 decision).
Proposal 11: Capture the below pros/cons in the TR on whether there is necessarity for the network to be aware of whether an idle/inactive UE is monitoring LP-WUS or not. Details to be updated during TR drafting.
Baseline (for further update): 
	
	Network knows whether UE monitors LR or MR
	Network does not know whether UE monitors LR or MR

	Pros
	Reduce Uu resource consumption:
NW only sends LP-WUS when the target UE is monitors LP-WUS;

Lower false wake-up rate:
When LP-WUS is not sent, the other UE monitoring LP-WUS, which is in the same group with the target paging UE, will not be waken up as a result of false wake up.
	Since the UE needs not to inform the NW whether its MR is monitoring or not, the 
signalling overhead, Uu resource consumption, UE power consumption caused by MR state report does not exist.


	Cons
	More signalling overhead:
UE needs to inform the NW when it starts/stops monitoring with MR.

Uu resource consumption caused by more signalling overhead.

More UE power consumption caused by more signalling overhead.
	More Uu resource consumption：NW always send LP-WUS signal given it always assume the target UE is monitoring the LP-WUS.

More alarm rate of LP-WUS: in case the target UE is not monitoring LP-WUS, the other UE(monitoring the same LP-WUS as the target UE) will be waken up.


Proposal 12: For UE in RRC_IDLE/RRC_INACTIVE state, FFS on whether there is need for the network to be aware of whether the UE is monitoring LP-WUS or not.



RAN2#124 was the last meeting to deal with LP-WUS/WUR as a study item. Regarding LP-WUS/WUR higher-layer aspects in RRC IDLE/INACTIVE mode, the following conclusions were agreed to include in the TR 38.869 at RAN2#124 meeting and offline discussion [4]-[9].
	For RRC_IDLE/INACTIVE mode:
· RAN2 has studied the procedure where network configures LR for LP-WUS monitoring and concluded that LP-WUS to control paging/PEI monitoring with no UE reporting of WUS coverage status or change is feasible. Details are to be decided in WI phase.
· RAN2 has studied and concluded to support subgrouping for LP-WUS, detailed design depends on the payload of LP-WUS. 
· RAN2 has studied the entry and exit condition of using LP-WUS, and concluded the condition(s) could be at least based on the measurement on at least serving cell quality using LR and/or MR.
· RAN2 has studied LP-WUS configuration, at least via system information broadcast. Further wording during TR draft. 
· RAN2 has studied and concluded the feasibility for RRM measurement relaxation (including no measurement) for serving cell by MR and neighboring cell by MR at least if RRM measurement on LR for serving cell is feasible/supported. Details are to be decided in WI.


RAN2 agreed that the above TR conclusion for the entry/exit condition(s) could be at least based on the measurement on at least serving cell quality using LR and/or MR. But, the detailed condition(s) for when to enter/exit and the procedure for how to configure the condition(s) did not reached agreement yet. In this regard, entry/exit condition(s) and signalling still remain open issue and will be decided on at WI phase.
The following agreements and proposals were made at RAN1#116 and copied from [10], [11]. RAN1 has agreed that LP-WUS occasions (LOs) should be defined for LP-WUS monitoring. and RAN1 has discussed about the entry/exit conditions for LP-WUS monitoring, but there were no agreements yet. however, some companies agreed in common if serving cell measurement performed by LR/MR is lower/higher than a threshold configured by gNB, UE stops/starts LP-WUS monitoring.
	R1-2401629	Summary #1 on LP-WUS operation in IDLE/INACTIVE mode	Moderator (Apple)
Agreement
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode
R1-2401631	Summary #3 on LP-WUS operation in IDLE/INACTIVE mode	Moderator (Apple)
Agreement
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE can monitors for LP-WUS transmission in each of the LP-WUS MOs.
· [bookmark: _Hlk163159268]Different LP-WUS MOs may correspond to different beams in multi-beam operation
· It is not precluded that FFS whether or not each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· It is at least supported that a UE monitors LOs with a configured periodicity.
· Each UE has a periodicity for LO monitoring, and it is at least supported that a UE monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
· FFS: monitoring of multiple more than one LOs per period e.g. if LP-WUS common to all UEs is supported or in case of eDRX (if supported)
· FFS eDRX, if supported
Agreement
For the case where a UE supports PEI and PEI is configured by the gNB, after the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.
Agreement
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO
Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.

	Proposal 4-1: 
For the entry/exit conditions for LP-WUS monitoring,
· If the serving cell measurement performed by the LR is below a threshold configured by the gNB, the UE monitors the legacy PO/PEI and stops LP-WUS monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.
· If the serving cell measurement performed by the MR is above a threshold configured by the gNB, the UE may start LP-WUS monitoring and stop the legacy PO/PEI monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.
· FFS other conditions

	



2.2	LP-WUS configuration via SIB or RRC dedicated signalling
There was discussion about NW awareness of whether the UE is monitoring LP-WUS or not in IDLE/INACTIVE mode from RAN2#123. The conclusion is that NW does not need to aware of that as follows, which is copied from 6].
	Summary: …
Proposal 1: [To agree] Capture the corresponding pros/cons in the TR whether the network is aware of whether the UE is monitoring LP-WUS or not, and continue to discuss the details in WI, if it is included.
The network Need not to be aware of whether the UE is monitoring LP-WUS or not in IDLE/INACTIVE.



It could be a trade-off between NW awareness and no awareness as shown in pros and cons table above. If NW knows it, which means NW is aware of UE’s current entry/exit status of LP-WUS monitoring, NW can send LP-WUS with PEI or dynamic Paging Occasion (PO), if supported, to only UE(s) is monitoring LP-WUS. Then gNB does not need to transmit it to UE(s) is not monitoring LP-WUS.
However, in order for NW to know it, UE must inform the NW of that and frequent UE reporting can cause signalling overhead, Uu resource consumption and UE power consumption perspective. In our view, it seems to be more benefit when NW does not know whether UE is monitoring LP-WUS than the other case. It means that UE must decide on itself whether to monitor LP-WUS based on the pre-configured condition and/or criteria. Regarding the pre-configured condition, it can be an entry/exit condition(s) based on a quality of LP-WUS, LP-SS and/or SSB.
If NW does not know whether UE is monitoring LP-WUS or not, UE must decide itself whether to monitor LP-WUS.
As mentioned above, LP-WUS occasions (LOs) are defined for LP-WUS monitoring in RAN1#116 meeting. Each LO has one or more LP-WUS monitoring occasions (MOs), where UE can monitor for LP-WUS transmission in each of the LP-WUS MOs. In addition,	different LP-WUS MOs may correspond to different beams in multi-beam operation in RRC IDLE/INACTIVE mode. It is also at least supported that a UE monitors LOs with a configured periodicity. In order to support this functionality, UE have to receive configuration through the system information (SI). Considering the above, it seems good for LP-WUS configuration to be broadcasted by SIB with LP-WUS occasion information at least. LP-WUS configuration via RRC dedication signalling is not preferred.
It seems better for LP-WUS configuration to be broadcasted via SIB than RRC dedicated signalling
2.3	LP-WUS entry/exit condition
When UE starts or stops LP-WUS monitoring, UE’s mode can be different. UE can be in LR or MR sleep/deep-sleep/ultra-deep sleep mode. Before starting LP-WUS monitoring, UE’s MR only can be turned on and UE must decide whether to monitor LP-WUS based on pre-configured entry criteria. Here, when creating entry criteria, conditions that can be measured through MR can be utilized.
On the other way, when UE stops LP-WUS monitoring, UE’s LR in turned on (LR mode & MR turned off or ultra deep sleep), so the measurements available as an exit condition may limited. The detailed exit condition may be configured differently according to the LP-WUR type and performance.
So, entry and exit criteria can be configured with different conditions each other. In this case, many conditions have to be taken into account and then it is too complicated. In our view, even if the simplest entry/exit conditions are applied, there seems to be no problem with LP-WUS/WUR.
Entry and Exit conditions may be differently set depending on whether UE is in MR or LR mode or the performance by LP-WUR type 
Even if the simplest entry/exit conditions are applied, there seems to be no problem with LP-WUS/WUR.
According to RAN1#116 agreements, multi-beam operations are supported for LP-WUS and LP-SS for idle mode. At least LP-SS, like SSB, periodically can be transmitted from serving cell and neighboring cell. In our view, LP-SS channel quality-based condition(s) seem to be sufficient. Since LP-WUS is transmitted only when there is a DL traffic, it seems desirable to use LP-SS, which is transmitted periodically, as the main entry/exit conditions. Here, LP-WUS also can be used as assistance only when the UE’s LR receives it.
As shown in the TR38.869, when the channel quality (RSRP and/or RSRQ and/or SINR) of serving cell’s SSB/LP-SS measured by MR is better than pre-configured threshold via SIB, UE starts LP-WUS monitoring. In here, in order to use the channel quality of LP-SS as an entry condition, LR is always turned-on and “duty-cycle” monitoring LP-SS. On the other hand, when the channel quality (RSRP/RSRQ/SINR) of LP-SS with LP-WUR (optionally) measured by LR is lower than pre-configured threshold, UE stops LP-WUS monitoring and switches to turn on MR.
[bookmark: _Hlk163235854]Since LP-WUS is transmitted only when there is a DL traffic, it seems more desirable to use LP-SS, which is transmitted periodically, as the main entry/exit condition.
LP-WUS also can be used as an assistance only when the UE’s LR receives it.
3	Conclusion
We made the following observations: 
Observation 1	If NW does not know whether UE is monitoring LP-WUS or not, UE must decide itself whether to monitor LP-WUS.
Observation 2	Entry and Exit conditions may be differently set depending on whether UE is in MR or LR mode or the performance by LP-WUR type 
Proposal 1	It seems better for LP-WUS configuration to be broadcasted via SIB than RRC dedicated signalling.
Proposal 2	Even if the simplest entry/exit conditions are applied, there seems to be no problem with LP-WUS/WUR
Proposal 3	Since LP-WUS is transmitted only when there is a DL traffic, it seems more desirable to use LP-SS, which is transmitted periodically, as the main entry/exit condition
Proposal 4	ProposaLP-WUS also can be used as an assistance only when the UE’s LR receives it
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