Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG2#126
R2-2404588
Fukuoka, Japan May 22nd – 26th, 2024
Agenda Item:
8.4.2
Source: 
OPPO

Title:  
Discussion on procedure and configuration of LP-WUS in RRC_IDLE/INACTIVE
Document for:
Discussion and Decision
1 Introduction

In this contribution, we further discuss procedure and configuration for IDLE/INACTIVE state LP-WUS operation. 
2 Discussion 
Following is the progress made in RAN1#116 and copied here for information.
	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 monitor for LP-WUS transmission in each of the LP-WUS MOs.

· Different LP-WUS MOs may correspond to different beams in multi-beam operation

· 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.

· 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.


Following is the agreement made in RAN1#116bis.

	Agreement

For multi-beam operation of LP-WUS, UE assumes the same LP-WUS information payload is repeated in all transmitted beams corresponding to LP-WUS 

· the selection of the beam(s) for the reception of the LP-WUS is up to UE implementation 

Agreement

Each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K is the number of LP-WUS MOs for each beam.

· Option 1: K = 1 

· Option 2: K can be larger than or equal to 1

· FFS if more than 1 LP-WUS is transmitted from the same beam, whether the information in these multiple LP-WUS is always the same or can be different

Agreement

From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:

· LP-RSRP

· LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.

· FFS: How to determine the received power of LP-SS in OOK ON symbols

· LP-RSRQ

· LP-RSRQ = LP-RSRP/LP-RSSI

· For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:

· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.

· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.

· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.

· FFS: LP-SINR

Note: The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.

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

· 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

· 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.

Conclusion

LP-SINR is not considered further as a metric for RRM serving cell measurement.




Following was agreed in RAN2#125bis.

	· 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.


2.1 Basic LP-WUS configuration
To monitor LP-WUS, RAN1 has agreed to introduce the concept of LP-WUS occasions (LOs) and each LO has one or more LP-WUS monitoring occasions (MOs). To signal this LP-WUS related configuration, RAN2 has agreed that it is provided via system information. Similar to PEI configuration, we think SIB1 can be used.
Proposal 1 LP-WUS configuration is included in SIB1.
Proposal 2 LP-WUS configuration includes configuration of LP-WUS occasions (LOs). Each LO has one or more LP-WUS monitoring occasions (MOs).
According to above RAN1 agreements, at least LP-WUS should support the legacy PO monitoring and UE monitors LOs with a configured periodicity. We think this is similar as PEI monitoring prior to PO monitoring and this configured periodicity would be similar to I-DRX cycle. From both UE’s and network’s perspective, LOs need to be associated with POs in order to have the common understanding on which PO should be monitored upon detecting LP-WUS in which LO. This sort of association needs to be provided in SIB and the details may need to wait for RAN1’s input.
Proposal 3 LP-WUS configuration includes association between LOs and POs.
2.2 Entry/exit condition for LP-WUS monitoring
According to RAN1’s working assumption, the entry condition for LP-WUS monitoring can be based on serving cell measurement performed by the MR being above the entry threshold(s). Other conditions are still to be discussed, e.g. based on LR measurement.
Proposal 4 Entry condition for LP-WUS monitoring at least includes serving cell measurement performed by the MR being above the entry threshold(s). FFS other conditions.
The exit condition for LP-WUS monitoring can be based on serving cell measurement performed by the LR being below exit threshold(s). Other conditions are FFS, e.g. whether based on MR measurement.
Proposal 5 Exit condition for LP-WUS monitoring at least includes serving cell measurement performed by the LR being below the exit threshold(s). FFS other conditions.
RAN1 also mentions that the entry/exit thresholds can be configured separately for different types of LR, i.e. OFDM-based LR and OOK-based LR.
Proposal 6 Entry/exit thresholds can be configured separately for different types of LR, i.e. OFDM-based LR and OOK-based LR.
In addition to SIB-broadcasted entry/exit thresholds, we think network can have dedicated control for INACTIVE state UEs that enables or disables LP-WUS monitoring. This is based on the observation that LP-WUS will have longer paging latency than legacy PEI as MR will be in ultra-deep sleep state while monitoring LP-WUS and MR’s ramp-up will take long time. When releasing CONNECTED state UEs to INACTIVE state, network can indicate whether LP-WUS monitoring is enabled or not considering the latency requirements of ongoing service. Only when LP-WUS monitoring is enabled, can the INACTIVE state UEs start LP-WUS monitoring, e.g. based on SIB-broadcasted entry conditions.
Proposal 7 Network can use dedicated signalling (e.g. RRCRelease message) to indicate whether LP-WUS monitoring is enabled or disabled for a UE. 
Proposal 8 UE monitors LP-WUS if monitoring is not disabled. 
Regarding whether to synchronize with the network about UE’s LP-WUS monitoring status, this has been discussed in the SI phase. We think there is no such need as such synchronization might cause a lot signalling overhead, which is somehow contradictory with the overall intention on UE’s power saving.
Proposal 9 RRC_IDLE/INACTIVE state UE does not inform network when it enters/exits LP-WUS monitoring. 

2.3 Subrouping of LP-WUS
For LP-WUS subgrouping, RAN2 has agreed in the last meeting that 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. 
Considering that LP-WUS and PEI are two different features, we think that it would be better to decouple their subgrouping at least from configuration’s perspective. That is, core network can assign a separate subgrouping ID for LP-WUS, and RAN can also configure for LP-WUS a separate subgrouping number used in UE ID-based subgrouping than for PEI.

Proposal 10 For LP-WUS, UE can be assigned by CN a separate subgrouping ID.
Proposal 11 For LP-WUS, RAN can configure a separate subgrouping number used in UE ID-based subgrouping.
Regarding the maximum number of subgroups, in the last RAN2 meeting there were comments that RAN2 can suggest a maximum number. Note that this is being discussed in RAN1 as the maximum subgrouping number will be have impact on the payload size of LP-WUS. For PEI, the maximum subgrouping number was decided by RAN1 and we think for LP-WUS we should also rely on RAN1’s input.

Proposal 12 RAN2 to wait for RAN1’s input on the maximum number of subgroups. 
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Basic LP-WUS configuration:
Proposal 1 LP-WUS configuration is broadcasted in SIB1.
Proposal 2 LP-WUS configuration includes configuration of LP-WUS occasions (LOs). Each LO has one or more LP-WUS monitoring occasions (MOs).
Proposal 3 LP-WUS configuration includes association between LOs and POs.

Entry/exit condition for LP-WUS monitoring:
Proposal 4 Entry condition for LP-WUS monitoring at least includes serving cell measurement performed by the MR being above the entry threshold(s). FFS other conditions.
Proposal 5 Exit condition for LP-WUS monitoring at least includes serving cell measurement performed by the LR being below the exit threshold(s). FFS other conditions.
Proposal 6 Entry/exit thresholds can be configured separately for different types of LR, i.e. OFDM-based LR and OOK-based LR.
Proposal 7 Network can use dedicated signalling (e.g. RRCRelease message) to indicate whether LP-WUS monitoring is enabled or disabled for a UE. 
Proposal 8 UE monitors LP-WUS if monitoring is not disabled. 
Proposal 9 RRC_IDLE/INACTIVE state UE does not inform network when it enters/exits LP-WUS monitoring. 

Subgrouping of LP-WUS:
Proposal 10 For LP-WUS, UE can be assigned by CN a separate subgrouping ID.

Proposal 11 For LP-WUS, RAN can configure a separate subgrouping number used in UE ID-based subgrouping.
Proposal 12 RAN2 to wait for RAN1’s input on the maximum number of subgroups. 
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