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1. Introduction
In LP-WUS/WUR WID [1], the following objectives are included.
	· 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 LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· 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 discuss procedure and configuration of LP-WUS for IDLE/INACTIVE modes.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
1 
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Power consumption analysis for LP-WUR
A new power state named ‘ultra-deep sleep’ is introduced for Main Radio (MR) of LP-WUS UEs. During LP-WUS/WUR SI phase, RAN1 evaluated the power model of MR switching to/from ultra-deep sleep state and the following is captured in TR 38.869 [2]:
Table 6.3-1: Power model for Main Radio
	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


Rel-16 study on power saving contains the following power consumption models for different UE’s states and state transitions in TR 38.840 [3]. These are used as the baseline power consumption models. 
Table 18: UE power consumption model for FR1
	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 19: UE power consumption during the state transistion
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

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


Comparing the power models, it’s clear that the transition energy for MR ramp-up can reach up to 15000 or even 40000 power units compared to the power consumption values of the baseline power models. The transition energy from ultra-deep sleep state can be almost 30 times more than 450 power units for deep sleep state. Such huge power consumption from MR wake-up can degrade the LP-WUS power saving gain.
Observation 1: The ramp-up transition energy of MR from ultra-deep sleep state is tremendous and may have negative impact on the power saving gain by the LP-WUS.
In order to maximize the power saving gain, unnecessary wake-up of MR and frequent switching between LP-WUR and MR should be avoided when using LP-WUS in RRC_IDLE/INACTIVE states. 
[bookmark: _Hlk161943567]Proposal 1: RAN2 understands frequent switching between LP-WUR and MR should be avoided when considering LP-WUS procedures in RRC_IDLE/INACTIVE states to ensure the power saving gain.
Basic procedure for paging monitoring triggered by LP-WUS
As described in WID [1], the primary purpose of LP-WUS in RRC_IDLE/INACTIVE states is to indicate paging monitoring. RAN1 made the following related agreements in RAN1#116: 
	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.


Observation 2: The options that UE monitors legacy paging DCI/paging and monitors PEI after MR wakes up are both supported in RRC_IDLE/INACTIVE states.
LP-WUS subgroup design is one of the main issues to be considered for LP-WUS paging design. The existing subgrouping methods (e.g., CN controlled subgrouping and UE_ID based subgrouping) that were introduced by Rel-17 UE power saving WI may be reused as a baseline, e.g., to reuse the principle of the formula, whereas the parameters related to subgrouping (e.g., the total number of subgroups) can be further discussed. New subgrouping methods can also be considered if necessary and the gains are justified. 
Proposal 2: Support existing subgrouping methods (e.g., CN controlled subgrouping and UE_ID based subgrouping) as a baseline. The parameters used in the formula need further discussion.
In the existing subgrouping methods, there is a risk that not all UE’s in the subgroup are paged. When the UEs that are not paged in the subgroup wake-up (i.e., false alarm wake-up), power consumption for these UEs increases. If another level of subgrouping is introduced on top of the existing subgrouping, the false alarm wake-up for the UEs can be reduced. In this method, referred to as 2-level subgrouping, UEs in the first level subgrouping monitor LP-WUS. And the UEs in the first level subgrouping are further distributed to different subgrouping in the second level subgrouping. 
The two-level UE_ID based subgrouping is shown in Figure 1. UE1 and UE2 are placed in the same group assigned with group ID 1 in LP-WUS as the first-level subgrouping. Then in the second-level subgrouping in PEI, UE1 and UE2 are placed in different groups. When UE1 is paged, UE2 does not need to monitor paging based on its PEI so that its paging false alarm can be further reduced.
[image: ]
Figure 1: Illustration of 2-level subgrouping

Observation 3: Subgrouping for LP-WUS in addition to the subgrouping for PEI can further reduce false paging probability when using LP-WUS.
RAN1’s agreement has clarified that whether to monitor PEI after ramping up is up to UE implementation. This requires the subgrouping of LP-WUS should be decoupled with the subgrouping of PEI to ensure LP-WUS can work independently and also be used together with PEI. Therefore, we purpose to study the design of the UE_ID based subgrouping independent of PEI subgrouping for example by considering different bits in UE ID for LP-WUS and PEI subgrouping.
Proposal 3: RAN2 aim to design UE-ID based subgrouping of LP-WUS to:
1. work independently
2. work together with the subgrouping of PEI if PEI is configured to obtain additional power saving gain
Configuration of LP-WUS
During SI phase, network awareness of LP-WUS monitoring was discussed and the following was agreed in RAN2#124 meeting. 
	Agreement
The network Need not to be aware of whether the UE is monitoring LP-WUS or not in IDLE/INACTIVE.


If the network needs to be aware of whether the UE is monitoring LP-WUS or not in IDLE/INACTIVE state, it requires UE to enter RRC_CONNECTED state and then send a dedicated RRC message, which leads to increased power consumption and signaling overhead. Thus, the network does not need to be aware of whether the UE is monitoring LP-WUS or not in RRC_IDLE/INACTIVE modes.
Proposal 4: To confirm that the network does not need to be aware of whether the UE is monitoring LP-WUS or not in RRC_IDLE/INACTIVE modes.
Enabling Control of LP-WUS
There are two ways to enable LP-WUS for LP-WUS capable UEs:
· Alt 1: Enabling LP-WUS for all LP-WUS capable UEs
The network can enable the LP-WUS functionality for all the UEs in a camped cell. For example, when a UE receives LP-WUS configuration via SIB from the camped cell, it can use LP-WUS functionality. It is simple but it may lead to a lot of UEs using LP-WUS, which means the false paging probability increases and it causes more transitions from LP-WUS to MR. This will reduce the power saving gain or even result in negative power saving gain.
· Alt 2: Enabling LP-WUS for a specific group LP-WUS capable UEs
The network (CN or RAN) decides whether a LP-WUS capable UE is allowed to use the LP-WUS functionality based on the conditions in the network (e.g. radio resources) and/or the characters of the UEs (e.g., paging probability, shorter DRX cycle, etc.). This reduces the false paging probability for the UEs in a TA.
Proposal 5: RAN2 to discuss enabling control of LP-WUS feature in RRC_IDLE/INACTIVE modes:
· Alt 1: Common control for all LP-WUS capable UEs
· Alt 2: UE/group-specific control for LP-WUS capable UEs
Entry/exit condition of using LP-WUS
When there is no LP-WUS coverage in the cell, UE should be able to fall back to main receiver to monitor paging. During the SI phase, the entry/exit conditions were discussed and the following were agreed in RAN2#123: 
	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.


The simplest way to configure entry/exit conditions is via broadcast signaling, such as SIB. Configuring the conditions via dedicated signalling increases the signalling overhead and limits the scenarios in which LP-WUS can be used. For example, for LP-WUS UEs with high mobility, there is no information about the incoming UEs in a new cell and the dedicated signaling does not work.
Proposal 6: LP-WUS is configured via system information. Dedicated RRC signaling is not needed.
For the entry condition of using LP-WUS, we consider the serving cell measurement on MR (e.g., based on SSB) should be better than the configured threshold(s). As the hardware capability of MR is better, its measurements are more reliable and accurate than the measurements of LP-WUR. Thus, measurement on MR is enough for entry condition decision. If the entry condition is met, then LP-WUR can be turned on and UE monitors LP-WUS while MR enters sleep mode. 
For the exit condition, if the serving cell measurement on LP-WUR (e.g. based on SSB and/or LP-SS, depending on the receiver) is below configured threshold(s), then MR shall be turned on to monitor legacy paging while turning off LP-WUR can be left to implementation. The existing LP-WUR measurement is reused when considering the exit condition, to save the power consumption of measurement on MR.
Proposal 7: From RAN2 perspective, the following entry/exit condition of using LP-WUS can be supported:
· UE can monitor LP-WUS if the serving cell measurement on MR based on SSB is above the configured threshold(s). 
· UE does not monitor LP-WUS if the serving cell measurement on LP-WUR based on SSB or LP-SS is below the configured threshold(s).
SI reception procedure considering LP-WUS
In legacy system information acquisition procedure, a UE in RRC_IDLE/INACTIVE mode needs to maintain valid system information of the camped cell, so it needs to monitor short message in paging DCI for change of system information as well as ETWS and CMAS notification. For LP-WUS monitoring by LP-WUR, it is better that UE can work with LP-WUR (and keep MR in sleep mode) as much as possible to reduce power consumption. However, if the UE is required to maintain valid SI based on legacy behaviour, it may lead to more frequent transitions to MR. As showed in Table.1, all Sidelink/ Slice/NPN/NTN/ MBS related SIBs are meaningless if the UE does not support these features and UE does not need to maintain these inessential SIBs. If these inessential SIBs change, the UE can keep monitoring LP-WUS and MR does not need to acquire updated SI.
Table.1 The classification for SIB based on different features
	Features
	SIBs

	Basic SI including access information and scheduling of other SI
	SIB1

	Cell re-selection information
	SIB2/ SIB3/SIB4

	ETWS and CMAS notification
	SIB6/SIB7/SIB8

	GPS time and Coordinated Universal Time
	SIB9

	NPN
	SIB10

	Idle/inactive measurements
	SIB11

	Sidelink
	SIB12/SIB13/SIB14/SIB23

	Disaster roaming information
	SIB15

	Slice
	SIB16

	TRS resources for idle/inactive UEs
	SIB17

	GIN
	SIB18

	NTN
	SIB19/SIB25

	MBS
	SIB20/SIB21/SIB24

	ATG assistant information
	SIB22


Observation 4: Not all SI is essential and maintaining valid SI as in legacy increases transitions to MR.
Proposal 8: Only the essential system information needs to be maintained when UE is working with LP-WUR in RRC_IDLE/INACTIVE modes.
When essential SI changes, the network can reuse LP-WUS indicating paging monitoring and wake up UEs in all the subgroups. Then the UE will use MR to receive paging DCI that indicates SI change and acquires the updated SI in the following modification period. RAN1 is discussing the content of LP-WUS and if the subgrouping information in LP-WUS is indicated in a codepoint way, the number of radio resources required to wake up UEs is large. For example, gNB requires 256 or 65536 LP-WUSs to wake up all the UEs using LP-WUR depending if 8 or 16 bits are used for subgrouping info respectively.
Observation 5: A large amount of radio resources are required if the subgrouping information in LP-WUS is indicated in a codepoint way.
To minimize radio resources, a common LP-WUS can be introduced and all the UEs using LP-WUR can monitor a common LP-WUS occasion. If the common LP-WUS is received, all the UEs irrespective of their subgroup will transit to MR.
Proposal 9: Introduce a common LP-WUS to wake up all the UEs in RRC_IDLE/INACTIVE if the subgrouping information in LP-WUS is indicated in a codepoint way.
3. Conclusion
In this contribution, we discuss procedure and configuration of LP-WUS for IDLE/INACTIVE modes, and have the following proposals.
Power consumption analysis for LP-WUR
Observation 1: The ramp-up transition energy of MR from ultra-deep sleep state is tremendous and may have negative impact on the power saving gain by the LP-WUS.
Proposal 1: RAN2 understands frequent switching between LP-WUR and MR should be avoided when considering LP-WUS procedures in RRC_IDLE/INACTIVE states to ensure the power saving gain.
Basic procedure for paging monitoring triggered by LP-WUS
Observation 2: The options that UE monitors legacy paging DCI/paging and monitors PEI after MR wakes up are both supported in RRC_IDLE/INACTIVE states.
Proposal 2: Support existing subgrouping methods (e.g., CN controlled subgrouping and UE_ID based subgrouping) as a baseline. The parameters used in the formula need further discussion.
Observation 3: Subgrouping for LP-WUS in addition to the subgrouping for PEI can further reduce false paging probability when using LP-WUS.
Proposal 3: RAN2 aim to design UE-ID based subgrouping of LP-WUS to:
1. work independently
2. work together with the subgrouping of PEI if PEI is configured to obtain additional power saving gain 
Configuration of LP-WUS
Proposal 4: To confirm that the network does not need to be aware of whether the UE is monitoring LP-WUS or not in RRC_IDLE/INACTIVE modes.
Proposal 5: RAN2 to discuss enabling control of LP-WUS feature in RRC_IDLE/INACTIVE modes:
· Alt 1: Common control for all LP-WUS capable UEs
· Alt 2: UE/group-specific control for LP-WUS capable UEs
Proposal 6: LP-WUS is configured via system information. Dedicated RRC signaling is not needed.
Proposal 7: From RAN2 perspective, the following entry/exit condition of using LP-WUS can be supported:
· UE can monitor LP-WUS if the serving cell measurement on MR based on SSB is above the configured threshold(s). 
· [bookmark: _GoBack]UE does not monitor LP-WUS if the serving cell measurement on LP-WUR based on SSB or LP-SS is below the configured threshold(s).
SI reception procedure considering LP-WUS
Observation 4: Not all SI is essential and maintaining valid SI as in legacy increases transitions to MR.
Proposal 8: Only the essential system information needs to be maintained when UE is working with LP-WUR in RRC_IDLE/INACTIVE modes.
Observation 5: A large amount of radio resources are required if the subgrouping information in LP-WUS is indicated in a codepoint way.
Proposal 9: Introduce a common LP-WUS to wake up all the UEs in RRC_IDLE/INACTIVE if the subgrouping information in LP-WUS is indicated in a codepoint way.
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