[bookmark: _GoBack]3GPP TSG RAN2 Meeting #126                                                               R2-2405409
20th May – 24th May 2024, Fukuoka, Japan
                                             	
Agenda item:	8.4.2
Source:	Samsung
Title:	Procedure and Configuration of LP-WUS in RRC Idle /
Inactive Mode
Document for:	Discussion & Decision
Introduction
Energy conservation has emerged as an important issue in recent mobile communication network environments. Accordingly, RAN2 starts with the new Work Item (WI), Low-power wake-up signal and receiver for NR (LP-WUS/WUR) [1]. 
Among the WID[1], objectives related with RAN2 RRC IDLE/INACTIVE mode are as follows:
	· 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)


· 
Previously, during the meeting #125bis, RAN2 agreed as follows:
	The LP-WUS related configuration for IDLE/INACTIVE state is provided via system information. FFS if dedicated configuration is needed.
Working assumption: the LP-WUS configuration in SIB at least includes the following information:
-	LP-SS configuration
-	LP-WUS configuration
-	FFS on Entry/exit condition for LP-WUS monitoring 
The PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. FFS the maximum number of subgroups.




And, RAN1 made the below related agreements at the meeting #116bis:
	Working Assumption
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.



In this contribution, we would like to discuss the detailed procedures and configurations to support LP-WUS in RRC IDLE/INACTIVE mode.
Discussion
Based on the findings from the LP-WUS/WUR study conducted during the Study Item (SI) phase in Release 18, it has been proposed that LP-WUS/WUR should be implemented as a power saving mechanism specifically designed for RRC_IDLE and RRC_INACTIVE mode devices. Furthermore, the concept of an "ultra-deep sleep state" has emerged as a potential power saving strategy for both RRC_IDLE and RRC_INACTIVE modes. By leveraging LP-WUS/WUR, a user equipment's (UE) Main Receiver (MR) can effectively transition into an ultra-deep sleep state, thereby achieving significant power savings. While in this ultra-deep sleep state, the UE can use its LP-WUS/WUR functionality to continuously monitor network signaling activities, waking up the MR when necessary.

Configuration
The UE needs to recognize the resource on which the LP-WUS will be transmitted, regardless of whether continuous or duty cycle-based LP-WUS monitoring is used. It is essential that both the UE and gNB have a mutual understanding of this resource, and therefore, it should be communicated from the network to the UE. 
For such configuration, RAN2 agreed to utilize a system information as the container. Considering a cell-specific MO, which closely resembles a PRACH configuration, we may regard SIB1 as a potential candidate for signaling LOs, as illustrated in Figure 1. It should be noted that SIB1 will be delivered through MR, whereas LP-WUS will be transmitted through LP-WUR.


Figure 1 LO configuration and LP-WUS monitoring

And we propose RAN2 to discuss and determine the configuration of LP-WUS occasions, as in SIB1. 
Proposal 1. The LP-WUS related configuration for IDLE/INACTIVE state is provided via SIB1.

Entry/Exit condition 
According to RAN1's report, there will likely be two types of LP-WUR, one based on OOK and the other based on OFDM. These two types are expected to have different coverage areas than NR, possibly being smaller. Consequently, it appears evident that when monitoring LP-WUS, we require entry and exit criteria. 
Proposal number two addresses this issue by stating that RAN2 acknowledges the necessity for entry and exit conditions for LP-WUS monitoring due to the potential disparity in coverage between LP-WUR and NR. 
Proposal 2. RAN2 understands that the entry/exit conditions of LP-WUS monitoring are necessary because of the possible coverage mismatch between LP-WUR and NR.

Moreover, it is logical to assume that the establishment of these entry and exit conditions should be aligned with the LP-WUS configuration, similar to how it is done in SIB. Proposal three further elaborates on this point by suggesting that the entry and exit conditions for LP-WUS monitoring should be configured within SIB (for example, SIB1).According to RAN1, there will be both OOK based and OFDM based LP-WUR, which would have different, rather smaller coverage compared with NR with a high probability. Therefore, it seems obvious that for LP-WUS monitoring, we need the entry/exit condition.
And correspondingly, the configuration of the entry/exit conditions should be together with the LP-WUS configuration, like in SIB.
Proposal 3. The entry/exit condition(s) of LP-WUS monitoring is configured in SIB (e.g., SIB1).

For the entry requirement, a UE in IDLE/INACTIVE mode shall enter the ultra-deep sleep MR only if all of the following requirements are met:
· - The UE and gNB support the MR ultra-deep sleep mode with LP-WUS/WUR capability.
· - The MR serving cell quality is above the threshold.
· - (FFS) The LR serving cell quality is above the threshold.
Proposal 4. RAN2 needs to discuss the Entry conditions for UE ultra deep sleep mode, consisting of 
· at least MR serving cell quality above threshold
· FFS LR serving cell quality above threshold

For the exit requirement, a UE in IDLE/INACTIVE mode shall exit the ultra-deep sleep MR if one of the following requirements are met:
· - At least LR serving cell quality below threshold (SI agreement) 
· - If LP-WUS signal is received and subgroup id is matched
· - If there is MO traffic 
Proposal 5. RAN2 needs to discuss the Exit conditions for UE ultra deep sleep mode, consisting of 
· at least LR serving cell quality below threshold 
· if LP-WUS signal is received and subgroup id is matched 
· if there is MO traffic 

In accordance with the RAN1 agreement, ‘The entry/exit thresholds can be configured separately for different types of LR’. Therefore, for a UE in Idle or Inactive mode, cells supporting LP-WUS may require configuring distinct entry and exit thresholds for each unique LR type.
The transmitted entry and exit criteria should have the capability of specifying the LR it is relevant to. 
Proposal 6. The broadcasted entry/exit conditions should be able to specify the applicable LR type.

LP-WUS monitoring occasions
Within the LP-WUS configuration, RAN2 needs to comprehend the characteristics and define the LP-WUS occasions (LOs). 
Each LO contains one or more LP-WUS monitoring occasions (MOs), during which the UE can monitor LP-WUS transmissions within every LP-WUS MO. The following characteristics and elements of LP-WUS MOs are considered:
· LP-WUS MOs are cell-specifically configured and utilized
· Different LP-WUS MOs may correspond to different beams, in multi-beam operation [3]

· An LP-WUS configuration may consists of 
· MO information 
· a time window [3]
· periodicity 
· timing offset
· frequency information 
· subgrouping information
· entry/exit condition information
Proposal 7. RAN2 needs to discuss and make decisions on the elements of LP-WUS occasions (LO) comprising of e.g., time window, periodicity, timing offset, frequency information, and subgrouping information.

Subgrouping
To further enhance the energy saving gain, RAN2 agreed to take PEI subgrouping method as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. 
For UEs in RRC idle/inactive state, LP-WUS can either replace PEI (LP-WUS → PO) or coexist with PEI (LP-WUS → PEI → PO). Thus, in the above two different cases, subgrouping of LP-WUS can limit the monitoring of PF/PO, or PEI occasions, respectively.
· Scenario 1) When LP-WUS replaces PEI and subgroups are applied on LP-WUS, it reduces the number of PF/PO that UEs need to monitor.

· Scenario 2) When both LP-WUS and PEI exist and subgroups are applied on LP-WUS, it reduces the number of PEI occasions that UEs need to monitor.
In case 2 where the subgrouping of LP-WUS differs from that of PEI, a two-step subgrouping process using LP-WUS and PEI can be considered.
Proposal 8. RAN2 should discuss whether to support different LP-WUS subgroups for monitoring 1) subset of POs and 2) subset of partial PEI occasions.

3. Conclusion
RAN2 is requested to discuss and agree to the following proposals:

Proposal 1. The LP-WUS related configuration for IDLE/INACTIVE state is provided via SIB1.
Proposal 2. RAN2 understands that the entry/exit conditions of LP-WUS monitoring are necessary because of the possible coverage mismatch between LP-WUR and NR.
Proposal 3. The entry/exit condition(s) of LP-WUS monitoring is configured in SIB (e.g., SIB1).
Proposal 4. RAN2 needs to discuss the Entry conditions for UE ultra deep sleep mode, consisting of 
· at least MR serving cell quality above threshold
· FFS LR serving cell quality above threshold
Proposal 5. RAN2 needs to discuss the Exit conditions for UE ultra deep sleep mode, consisting of 
· at least LR serving cell quality below threshold 
· if LP-WUS signal is received and subgroup id is matched 
· if there is MO traffic 
Proposal 6. The broadcasted entry/exit conditions should be able to specify the applicable LR type.
Proposal 7. RAN2 needs to discuss and make decisions on the elements of LP-WUS occasions (LO) comprising of e.g., time window, periodicity, timing offset, frequency information, and subgrouping information.
Proposal 8. RAN2 should discuss whether to support different LP-WUS subgroups for monitoring 1) subset of POs and 2) subset of partial PEI occasions.
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