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Discussion and Decision
1 Introduction
R19 WI for Low-power Wake-up Signal and Receiver for NR was agreed in RAN#102, and the WI objective on procedure and configuration for UEs in IDLE/INACTIVE state is copied 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 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 RAN2#125bis, RAN2 made the following agreements on this objective:

	· RAN2#125bis agreements

· 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.



This contribution provides our views on the configuration and procedure aspects.
2 Discussion

Configuration
RAN2 agreed that NW provides the LP-WUS related configuration for RRC_IDLE/RRC_INACTIVE state via system information and there are still several open issues for further discussion. 
· Issue 1: Is dedicated signaling required to enable the LP-WUS function for UE in RRC_IDLE/RRC_INACTIVE state?
· Issue 2: Is it possible to have no entry/exit condition for LP-WUS monitoring in LP-WUS configuration?
Here are our thoughts on these two issues. 
· Issue 1: About the dedicated signalling to enable LP-WUS function in RRC_IDLE/RRC_INACTIVE
There are two modes to enable RRC_IDLE/RRC_INACTIVE LP-WUS function, as described in Figure-1. 
· Mode 1: Without UE dedicated signaling control.
The RRC_IDLE/RRC_INACTIVE UE enables LP-WUS function based on two conditions:

· Cond#1: Cell specific LP-WUS configuration is provided in the SIB of serving cell;

· Cond#2: UE has the capability of supporting LP-WUS in RRC_IDLE/RRC_INACTIVE.
When RRC_IDLE/RRC_INACTIVE UE enables the LP-WUS function, UE will monitor the LP-WUS based on the condition evaluation, and only UE-ID based subgrouping method is applied for LP-WUS subgrouping. 
Observation 1: For UE-ID based subgrouping method, RRC_IDLE/RRC_INACTIVE UE can enable LP-WUS function without UE dedicated control. 
· Mode 2: With UE dedicated signaling control.
The RRC_IDLE/RRC_INACTIVE UE enables LP-WUS function based on three conditions:

· Cond#1: Cell specific LP-WUS configuration is provided in SIB of serving cell;

· Cond#2: UE has the capability of supporting LP-WUS function in RRC_IDLE/RRC_INACTIVE;
· Cond#3: NW enables the UE LP-WUS function in RRC_IDLE/RRC_INACTIVE via dedicated signaling in RRC_CONNECTED state in advance. 

For the UE dedicated control (Cond#3), there are two kinds of signaling control:
· Option 1: The dedicated control is via NAS dedicated signaling. 

If CN allocated UE group ID method is applied for LP-WUS subgrouping, according to PEI subgrouping procedure, NAS dedicated signaling is used to provide the UE group ID from CN to UE. Therefore, when CN allocated UE group ID is applied, we can assume the NW dedicated control via NAS signaling is to enable LP-WUS function in RRC_IDLE/RRC_INACTIVE. 

Observation 2: For CN assigned subgrouping method, UE enables the LP-WUS function in RRC_IDLE/RRC_INACTIVE based on UE dedicated control via NAS signaling. 
· Option 2: The dedicated control is via RRC dedicated signaling.
When gNB releases the UE from RRC_CONNECTED to RRC_INACTIVE state, gNB can enable the specific feature applicable in RRC_INACTIVE via RRCRelease message, e.g. SDT, MBS multicast reception in RRC_INACTIVE. In such case, gNB can be based on the service’s QoS requirement configured to the UE and the UE capability to enable the feature. 
Observation 3: For the feature applicable in RRC_INACTIVE state, RAN node can enable/disable the feature by UE dedicated RRCRelease message. 
Considering that to enable the LP-WUS function may introduce some delay to wake up UE to resume the RRC connection for downlink data reception, it may be beneficial to allow gNB to control the LP-WUS function in RRC_INACTIVE via RRCRelease message. 
Observation 4: To avoid the latency impact to wake up RRC_INACTIVE UE for downlink data reception, RAN node may disable the LP-WUS function in INACTIVE state. 
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Figure-1. Two modes to enable the LP-WUS function in RRC_IDLE/ RRC_INACTIVE state
Based on above observations, we can see there are several cases for UE to enable LP-WUS function in RRC_IDLE/ RRC_INACTIVE based on NW dedicated control. 
Proposal 1: RRC_IDLE UE can enable the LP-WUS function without UE dedicated control, and UE-ID based subgrouping method is applied for LP-WUS monitoring. 
Proposal 2: RRC_IDLE UE can enable the LP-WUS function with UE dedicated control via NAS signaling, and CN assigned group ID is applied for LP-WUS monitoring. 
Proposal 3: RRC_INACTIVE UE can enable LP-WUS function with the UE dedicated control via RRCRelease signaling. 
· Issue 2: About the absence of entry/exit condition of LP-WUS monitoring in LP-WUS configuration.
During last meeting, some companies raised the concern on the presence of entry/exit condition of LP-WUS monitoring in LP-WUS configuration in SIB, especially in the deployment of the LP-WUS coverage same as cell coverage. 
The following is our understanding of the configuration of entry/exit condition based on the LP-WUS deployments. 
· Deployment 1: LP-WUS coverage < cell coverage
UE should only monitor LP-WUS when it’s in LP-WUS coverage. In other words, when UE is in cell coverage but not in LP-WUS coverage, UE should stop the LP-WUS monitoring. 
Entry/exit condition is to help UE determine whether it’s in LP-WUS coverage or not in order to start/stop the LP-WUS monitoring. 

Observation 5: Entry/exit condition is always provided by NW in the deployment of LP-WUS coverage < cell coverage. 

· Deployment 2: LP-WUS coverage = cell coverage
UE is always in the LP-WUS coverage when UE camps on the serving cell. Therefore, there is no need to provide the entry/exit condition. If NW provides the LP-WUS configuration in the cell, UE can always assume the entry condition is met and monitors LP-WUS accordingly. 
Observation 6: In the deployment of LP-WUS coverage same as cell coverage, NW is not required to provide the entry/exit condition, and UE always assumes the entry condition is met and monitor LP-WUS accordingly. 
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Figure-2. LP-WUS deployment scenairos
Based on the observation 5 and 6, it’s proposed that

Proposal 4: If entry/exit condition is absent in LP-WUS configuration in system information, UE assumes that entry condition is always met and performs LP-WUS monitoring accordingly. 
Procedure
In RAN1#116 meeting, RAN1 made the following agreements on the LP-WUS triggered paging procedure.

	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


In RAN1#116bis meeting, RAN1 made the following working assumption on LP-WUS monitoring procedure in IDLE/INACTIVE state. 

	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.


Based on RAN1 agreements and working assumption, for the UE that enables LP-WUS feature, it can perform the LP-WUS procedure in IDLE/INACTIVE state in the following way:
· When entry condition is met, UE operation is as follows:
>  Entry condition: serving cell measurement performed by MR is above entry threshold(s)

>  Phase 1: UE starts LP-WUS monitoring 
>> UE stops legacy PO monitoring (before UE receives LP-WUS indicating wake-up).
>  Phase 2: After UE receives the LP-WUS indicating wake-up
>> UE monitors legacy PO and may monitor PEI.
>> When UE monitors the legacy PO (and may monitor PEI), UE may stop LP-WUS. 
· When exit condition is met, UE operation is as follows:
> Exit condition: the serving cell measurement performed by the LR is below exit threshold(s)
> Phase 3: UE monitors the legacy PO (and may monitor PEI) (same as Phase 2)

>> UE may stop LP-WUS monitoring. 
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Figure-3. LP-WUS monitoring procedure in IDLE/INACTIVE state

Proposal 5: Confirm the LP-WUS monitoring procedure in RRC_IDLE/RRC_INACTIVE state (according to RAN1 agreement and working assumption) as follows:
· When entry condition is met,
·  UE starts LP-WUS monitoring and stops legacy PO monitoring;
·  When UE receives the LP-WUS indicating wake-up,
· UE is required to monitor legacy PO (and may monitor PEI);
· UE is not required to monitor LP-WUS. 
· When exit condition is met,
·  UE is required to monitor legacy PO (and may monitor PEI);
·  UE is not required to monitor LP-WUS. 

· Entry condition is the serving cell measurement performed by MR is above entry threshold(s). Other conditions are FFS. 
· Exit condition is the serving cell measurement performed by the LR is below exit threshold(s). Other conditions are FFS.
3 Conclusion
According to the analysis in section 2, we propose that:
<Issue 1: Configuration>

<UE dedicated control>

Observation 1: For UE-ID based subgrouping method, RRC_IDLE/RRC_INACTIVE UE can enable LP-WUS function without UE dedicated control. 

Observation 2: For CN assigned subgrouping method, UE enables the LP-WUS function in RRC_IDLE/RRC_INACTIVE based on UE dedicated control via NAS signaling. 

Observation 3: For the feature applicable in RRC_INACTIVE state, RAN node can enable/disable the feature by UE dedicated RRCRelease message. 

Observation 4: To avoid the latency impact to wake up RRC_INACTIVE UE for downlink data reception, RAN node may disable the LP-WUS function in INACTIVE state. 
Proposal 1: RRC_IDLE UE can enable the LP-WUS function without UE dedicated control, and UE-ID based subgrouping method is applied for LP-WUS monitoring. 

Proposal 2: RRC_IDLE UE can enable the LP-WUS function with UE dedicated control via NAS signaling, and CN assigned group ID is applied for LP-WUS monitoring. 

Proposal 3: RRC_INACTIVE UE can enable LP-WUS function with the UE dedicated control via RRCRelease signaling. 

<Absence of entry/exit condition>

Observation 5: Entry/exit condition is always provided by NW in the deployment of LP-WUS coverage < cell coverage. 

Observation 6: In the deployment of LP-WUS coverage same as cell coverage, NW is not required to provide the entry/exit condition, and UE always assumes the entry condition is met and monitor LP-WUS accordingly. 

Proposal 4: If entry/exit condition is absent in LP-WUS configuration in system information, UE assumes that entry condition is always met and performs LP-WUS monitoring accordingly. 
<Issue 2: Procedure>

Proposal 5: Confirm the LP-WUS monitoring procedure in RRC_IDLE/RRC_INACTIVE state (according to RAN1 agreement and working assumption) as follows:

· When entry condition is met,

·  UE starts LP-WUS monitoring and stops legacy PO monitoring;

·  When UE receives the LP-WUS indicating wake-up,

· UE is required to monitor legacy PO (and may monitor PEI);

· UE is not required to monitor LP-WUS. 
· When exit condition is met,
·  UE is required to monitor legacy PO (and may monitor PEI);
·  UE is not required to monitor LP-WUS. 

· Entry condition is the serving cell measurement performed by MR is above entry threshold(s). Other conditions are FFS. 
· Exit condition is the serving cell measurement performed by the LR is below exit threshold(s). Other conditions are FFS.
