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1. Introduction
In the latest RAN2 meeting, several open issues for LP-WUS in RRC_IDLE/INACTIVE state have been identified in email discussion [1]. In this contribution, we discuss some remaining issues of LP-WUS in RRC_IDLE/INACTIVE state, for example, enabling control and SI maintenance.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
2.1. Enabling control for LP-WUS
To utilize the LP-WUS function, the UE capability coordination and maintenance are required so that the network can provide appropriate configuration to the UE and/or decide how to page the UE. After the LP-WUS UE capability has been interacted between the UE and network, the next issue is the enabling of the LP-WUS function, i.e., how the UE decides whether/when the LP-WUS feature can be enabled. 
Option 1: Common control for all LP-WUS capable UEs.
Common control is a straightforward way which indicates the LP-WUS capable UE can enable the LP-WUS feature as long as the network also support the feature.
To be specific, UE is allowed to apply the LP-WUS function in idle/inactive state as long as it receives the LP-WUS configuration from the camped cell. The LP-WUS configuration is the condition for LP-WUS enabling and should be broadcast so that all the LP-WUS capable UEs can determine if they are able to use LP-WUS. Considering the mobility scenario, if UE switches to other cells that do not support LP-WUS, then it should fall back to MR and disable the LP-WUS function.
This option is simple without additional conditions/rules but may lack flexibility considering that all the LP-WUS capable UEs are under unified control.
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Fig.1 Common enabling control for LP-WUS
Option 2: UE-specific control for LP-WUS capable UEs.
UE-specific control as an enhancement can be considered to overcome the drawback of Option 1. In this way, the network can further decide whether a UE is allowed to use the LP-WUS feature based on the conditions in the network (e.g. resources) or the properties of the UE (e.g. paging probability).
For instance, the UE reports its LP-WUS capability to the network. The network subsequently indicates to the UE whether the LP-WUS feature is enabled via dedicated RRC signalling or NAS signalling. Later similar to option 1, after going into idle/inactive state, the UE that is allowed to use the LP-WUS feature further determines whether to use the LP-WUS based on the broadcast information from the camped cell.
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Fig.2 UE-specific enabling control for LP-WUS
Proposal 1: Enabling control of the LP-WUS feature should be studied. Possible ways include:
· Option 1: Common control for all LP-WUS capable UEs.
· Option 2: UE-specific control for LP-WUS capable UEs.
2.2. SI maintenance
In legacy system information acquisition procedure, the UEs in RRC_IDLE/INACTIVE state needs to maintain valid system information of the camped cell, so it needs to monitor short message for change of system information as well as ETWS and CMAS notification. For LP-WUS monitoring by LR, the design target is to allow the UEs to stay on LR as much as possible to reduce power consumption, which may require LP-WUS to carry more information apart from paging related info. But the feasibility is also subject to L1 signal design.
It is worth discussing the necessity for the UE on LR to maintain a valid SI. If the UE is required to maintain valid SI as legacy behaviour, it leads to more frequent switch to MR which consumes more power, and not all the changed SI is useful if the UE stays on LR. 
The power model in RAN1 is given as below.
[bookmark: _Hlk149724905]Table 18: UE power consumption model for FR1 (from TR 38.840)
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)


Table 6.3-1. Power model for Main Radio (from TR 38.869)
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	Time for sync/re-sync

	Ultra-deep sleep
	0.015
	· 

For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (15000, 400ms) as baseline
· Alt 2: (40000, 800ms)
Company to report which alternative they use for which use cases.
	For MR, at least for FR1 evaluation,
· Number of SSBs for sync/re-sync for MR is up to 10
· Companies to report timeline and energy consumption



The transition energy from ‘Ultra-deep sleep’ to MR wake-up, it consumes around 15000 or 40000 Relative Power Units, however, the power of PDCCH and PDSCH reception is just 300 Relative Power Units. Thus, the transition power consumption will eliminate the saved power by reduced PDCCH monitoring.
Observation 1: If the UE is required to maintain valid system information, it leads to more frequent switch to MR which consumes more power, and not all the changed system information is useful if the UE stays on LR.
However, the maintenance of the essential SI can be beneficial in terms of reliability and latency reduction. For instance, if there is LP-WUS related SI, once it changes, it should be informed to the UE, otherwise the UE would use the out-of-date LP-WUS related configuration and consequently cannot detect the LP-WUS correctly. In addition, if the UE early knows that RACH parameters has not changed, it can directly use the stored RACH parameters to perform initial access when the UE is waked up by UE-specific LP-WUS, which can reduce the access latency. Therefore, the essential SI for LP-WUS should be maintained to ensure the UE works normally, and whether/which/how other SI needs to be maintained to reduce the access latency can be further discussed. 
Proposal 2: Capture the following direction for SI maintenance in the TR:
The LP-WUS related system information should be maintained when UE is monitoring LP-WUS by LR. Whether/which/how other SI needs to be maintained to reduce the power consumption and access latency can be further studied in WI.
3. Conclusion
In this paper, we discuss some remaining issues of LP-WUS in RRC_IDLE/INACTIVE state. Observations and proposals are summarized as follows.
Enabling control:
Proposal 1: Enabling control of the LP-WUS feature should be studied. Possible ways include:
· Option 1: Common control for all LP-WUS capable UEs.
· Option 2: UE-specific control for LP-WUS capable UEs.
SI maintenance:
Observation 1: If the UE is required to maintain valid system information, it leads to more frequent switch to MR which consumes more power, and not all the changed system information is useful if the UE stays on LR.
Proposal 2: Capture the following direction for SI maintenance in the TR:
The LP-WUS related system information should be maintained when UE is monitoring LP-WUS by LR. Whether/which/how other SI needs to be maintained to reduce the power consumption and access latency can be further studied in WI.
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