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1 Introduction

Followings are work item objectives agreed for the LP-WUS/WUR [1].
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· 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)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2

· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.

· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103

Following agreements have been made for LP-WUS operation in IDLE/INACTIVE modes in the last 3GPP RAN1 WG meeting [2].
Agreement:

Multi-beam operations are supported for LP-WUS and LP-SS for idle mode.
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

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#116 meeting, an agreement on UE monitoring the legacy PO after receiving LP-WUS indicating wake-up has been made. 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 last 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 need to consider, LP-WUS processing time for decoding, main ratio transition time for ramp up and time/frequency synchronization of main radio, etc. The value can be different from that of CONNECTED UEs but principle will be same. 

Proposal 1: 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

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 of the UE should be associated with PO monitoring of the terminal. Accordingly, the monitoring occasion of the LP-WUS should be located in association with the PO of the UE.
Proposal 2: LP-WUS monitoring occasion (LO) is required to be associated with PO of the UE.
When Proposal 1 and Proposal 2 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. 
Proposal 3: Time location of the LO is defined by the time offset from the PO. 

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 4: The monitoring periodicity of LO will be basically same to that of the PO. Further discussion is required for other periodicities e.g., smaller than periodicity of the PO. 

According to the WID as follows, the contents related to the UE's RRM relaxation and RRM measurement offloading are defined as being dealt with in RAN4 and RAN2. However, in RAN1, it is necessary to discuss the entry/exit condition of LP-WUS monitoring, and those conditions can also be used with proper modification as a part of the RRM relaxation and offloading condition related to RRM measurement. Therefore, discussing conditions for RRM offloading in RAN1 in this regard can be an efficient way in terms of progress.

Proposal 5: For RRM measurements in LP-WUS operation for idle/inactive mode, conditions for offloading RRM from MR to LR can be discussed in RAN1.

In the study item stage, the following agreement achieved in relation to the activation and deactivation of LP-WUS monitoring. 
Agreement
· For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study

· Alt 1a: 

· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.

· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.

· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.

· Alt 2: 

· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.

· Paging misdetection performance shall not be impacted.

The UE's LP-WUS monitoring activation and deactivation are firstly related to the UE’s power saving. However, considering that UE’s LP-WUS monitoring activation and deactivation are related with UE’s activation of main radio, it is also related with overall network performance. If activation and deactivation of LP-WUS monitoring is up to UE implementation, the behaviours of UEs will be different for the same cell environment which is not desirable for overall network performance perspective. For Alt 2, considering characteristic of RRC IDLE/INACTIVE mode, providing signalling for activation and/or deactivation of LP-WUS monitoring may not be guaranteed. Therefore, it would be natural to support UE activation and/or deactivation of LP-WUS monitoring based on preconfigured criteria. As a preconfigured criterion, a most straight forward metric would be a serving cell measurement result. Therefore, serving cell measurement result can be used as criterion for activation and/or deactivation of LP-WUS monitoring of UE. 
Proposal 6: For LP-WUS monitoring of UE, support activation and/or deactivation based on the preconfigured criteria.

Proposal 7: Serving cell measurement result is used as a criterion for activation and/or deactivation of LP-WUS monitoring of UE. 

3 Conclusion
In this contribution, we discussed on LP-WUS operation in IDLE/INACTIVE modes and provide following proposals.
Proposal 1: 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 2: LP-WUS monitoring occasion (LO) is required to be associated with PO of the UE.
Proposal 3: Time location of the LO is defined by the time offset from the PO. 

Proposal 4: The monitoring periodicity of LO will be basically same to that of the PO. Further discussion is required for other periodicities e.g., smaller than periodicity of the PO. 

Proposal 5: For RRM measurements in LP-WUS operation for idle/inactive mode, conditions for offloading RRM from MR to LR can be discussed in RAN1.
Proposal 6: For LP-WUS monitoring of UE, support activation and/or deactivation based on the preconfigured criteria.

Proposal 7: Serving cell measurement result is used as a criterion for activation and/or deactivation of LP-WUS monitoring of UE. 
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