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1 Introduction

Following agreements have been made for LP-WUS operation in IDLE/INACTIVE modes in the last 3GPP RAN1 WG meeting [1].
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.

In this contribution, we discuss on LP-WUS operation in IDLE/INACTIVE modes.
2 Discussion on LP-WUS operation in IDLE/INACTIVE modes
In the last 3GPP RAN#116bis meeting, an agreement on metrics for serving cell RRM have been made. The agreement includes definitions of LP-RSRP and LP-RSRQ. Three options have been listed on definition of LP-RSSI for further considerations.

· 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.

Followings are definition of RSSI from TS 38.215.
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Definition of RSSI in TS 38.215 comprises the linear average of the total received power observed only per configured OFDM symbol and in the measurement bandwidth. It is simply the linear average of the total receiver power within measurement period and bandwidth. If we choose to support Option 3, LP-RSRQ will be always 1 which is meaningless result. Between Option 1 and Option 2, Option 1 is more consistent with the definition of RSSI defined in TS 38.215.
Proposal 1: For definition of LP-RSSI, Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols. is used. 
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.

Above working assumption were agreed in the last meeting regarding the entry/exit conditions of LP-WUS monitoring in IDLE/INACTIVE mode. The key principle of the working assumption is that if the measurement result of the serving cell using MR is higher than the entry threshold, the UE performs LP-WUS monitoring. If the measurement result of the serving cell using LR is lower than the exit threshold, the UE performs legacy PO monitoring. The contents of the working assumption are straight forward and reasonable. In addition, there are several FFS points, therefore details of the conditions can be discussed further. 
Proposal 2: Confirm the working assumption for the entry/exit conditions for LP-WUS monitoring in IDLE/INACTIVE mode from RAN1#116bis meeting.
In the last meeting, discussions were held on the conditions for RRM relaxation and RRM offloading, but no agreement was reached. RRM relaxation and RRM offloading are important technologies because they can pursue power saving of MR by transferring the burden of MR's RRM measurement to LP-WUR in a certain environment. Meanwhile, since RRM relaxation and RRM offloading are performed by LP-WUR on behalf of MR's RRM measurement, the key issue is whether there is any problem when LP-WUR performs RRM measurement on behalf of MR. Therefore, it is necessary to determine whether the RRM measurement of LP-WUR is reliable and decide to perform RRM relaxation and RRM offloading of MR. The basic condition for this will be whether the terminal stays in a stable radio environment. This can be measured as a result of RRM measurement for the serving cell, and therefore, it is a very reasonable decision to determine RRM relaxation and RRM offloading based on the RRM measurement for the serving cell. Meanwhile, since the entry/exit conditions of LP-WUS monitoring discussed earlier are also based on the RRM measurement results of the serving cell. Further discussions can be conducted using this as a baseline.
Proposal 3: RRM relaxation and RRM offloading condition should be based on serving cell measurement results.

Observation 1: The entry/exit conditions for LP-WUS monitoring are based on serving cell RRM measurement results.
Proposal 4: The entry/exit conditions for LP-WUS monitoring are used as baselines for determine conditions for RRM relaxation and RRM offloading. Further details can be discussed further e.g., different thresholds. 

An agreement has been made on UE behavior after receiving LP-WUS indicating wake-up; it is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up. The meaning of the agreement means that the LP-WUS plays a role of waking up the UE to perform PO monitoring. Accordingly, LP-WUS monitoring occasion of the UE should be associated with PO monitoring of the terminal. 
If the LP-WUS monitoring occasion (LO) is not associated with the PO, additional definitions are needed for the operation after the UE detects LP-WUS. If the association for LO and PO is not defined and the UE behavior is defined by monitoring the first available PO after LP-WUS detection, the location of the available PO may vary depending on the UE's capabilities. This is not desirable because paging performance issues may occur due to the introduction of WUS in this case. Accordingly, the monitoring occasion of the LP-WUS should be located in association with the PO of the UE.

Proposal 5: LP-WUS monitoring occasion (LO) is required to be associated with PO of the UE.
UE monitoring the legacy PO after receiving LP-WUS indicating wake-up. In that case, the UE which is instructed to wake-up through the LP-WUS will monitor the legacy PO. However, the main radio of the UE which has received the wake-up through the LP-WUS may not be ready to perform PO monitoring. Meanwhile, the following agreement was derived from the previous 3GPP RAN1 WG meeting in the agenda 9.6.3 LP-WUS operation in CONNECTED modes.
Agreement

For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following

· LP-WUS processing time

· MR transition time for ramp up

· Time/frequency synchronization of MR

· FFS whether UE can report supported minimum time gap from candidate values

FFS: Whether the minimum time gap values can be more than one.
For the IDLE/INACTIVE mode, similar principle can be applied. There should be a minimum time gap between LP-WUS reception and main radio to start PO monitoring. The time gap needs to consider, LP-WUS processing time for decoding, main ratio transition time for ramp up and time/frequency synchronization of main radio, etc. The values can be different from that of CONNECTED UEs but the same principle can be applied. 

Proposal 6: For RRC IDLE/INACTIVE mode, minimum time gap between LP-WUS reception and MR to start PO monitoring is introduced considering at least following

· LP-WUS processing time

· MR transition time for ramp up

· Time/frequency synchronization of MR

When Proposal 5 and Proposal 6 are combined, the LO is required to be associated with the PO, and since the UE needs a minimum time gap between LP-WUS reception and PO, the time position of the LO can be defined as a time offset from the PO. The time offset can be configured by gNB. 
Proposal 7: Time location of the LO is defined by the time offset from the PO. 

Proposal 8: The time offset is configured by gNB. 
With respect to the period of LO, the most basic operation may be to operate by matching the period of LO with the period of PO. The UE performs LO monitoring at a position ahead of the time offset with the same period as the period of the PO. When LP-WUS is detected, the UE will perform PO monitoring in the PO after the time offset. If LP-WUS is not detected, the UE will perform LP-WUS monitoring in the next LO after the period. The LO monitoring configuration example is shown in Fig. 1.
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Fig.1 An example of LO monitoring configuration
Proposal 9: The monitoring periodicity of LO will be basically same to that of the PO. Further discussion can be made for other periodicities with proper technical merits and use cases of them.
3 Conclusion
In this contribution, we discussed on LP-WUS operation in IDLE/INACTIVE modes and provide following proposals.
Proposal 1: For definition of LP-RSSI, Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols. is used. 
Proposal 2: Confirm the working assumption for the entry/exit conditions for LP-WUS monitoring in IDLE/INACTIVE mode from RAN1#116bis meeting.
Proposal 3: RRM relaxation and RRM offloading condition should be based on serving cell measurement results.

Proposal 4: The entry/exit conditions for LP-WUS monitoring is used as a baseline for determine conditions for RRM relaxation and RRM offloading. Further details can be discussed further e.g., different thresholds. 

Proposal 5: LP-WUS monitoring occasion (LO) is required to be associated with PO of the UE.
Proposal 6: For RRC IDLE/INACTIVE mode, minimum time gap between LP-WUS reception and MR to start PO monitoring is introduced considering at least following

· LP-WUS processing time

· MR transition time for ramp up

· Time/frequency synchronization of MR

Proposal 7: Time location of the LO is defined by the time offset from the PO. 

Proposal 8: The time offset is configured by gNB. 
Proposal 9: The monitoring periodicity of LO will be basically same to that of the PO. Further discussion can be made for other periodicities with proper technical merits and use cases of them.
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