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Introduction
In RAN1 #116 meeting, the agreement listed in the appendix were achieved for LP-WUS operation in IDLE/INACTIVE mode [1].
In this contribution, we share our views on LP-WUS operation in IDLE/INACTIVE modes in below topics.
· LP-WUS configuration 
· Entry/exit condition for LP-WUS monitoring
· LP-SS configuration

Discussion

LP-WUS configuration
RAN2 concluded as following. 
	For RRC_IDLE/INACTIVE mode:
· RAN2 has studied the procedure where network configures LR for LP-WUS monitoring and concluded that LP-WUS to control paging/PEI monitoring with no UE reporting of WUS coverage status or change is feasible. Details are to be decided in WI phase.
· RAN2 has studied and concluded to support subgrouping for LP-WUS, detailed design depends on the payload of LP-WUS. 
· RAN2 has studied the entry and exit condition of using LP-WUS, and concluded the condition(s) could be at least based on the measurement on at least serving cell quality using LR and/or MR.
· RAN2 has studied LP-WUS configuration, at least via system information broadcast. Further wording during TR draft. 
· RAN2 has studied and concluded the feasibility for RRM measurement relaxation (including no measurement) for serving cell by MR and neighboring cell by MR at least if RRM measurement on LR for serving cell is feasible/supported. Details are to be decided in WI.
For RRC_CONNECTED mode
· RAN2 has studied the procedure where network control/configure/activate LR for LP-WUS monitoring, and concluded the feasibility for LP-WUS to control PDCCH monitoring by MR  with / without C-DRX. Detailed design is to be decided in WI.  
Note: Both duty cycled and/or continuous monitoring for LP-WUS could be further discussed in WI phase for RRC_IDLE/INACTIVE and RRC_CONNECTED mode.


In addition, following was also concluded in RAN2. 
	The network Need not to be aware of whether the UE is monitoring LP-WUS or not in IDLE/INACTIVE.
Regarding how to receive SI change notification and/or ETWS/CMAS when UE is using LP-WUS, Alt 1 is the basline, other alternatives needs further justification and may dep on the payload capacity of LP-WUS is
Alt 1: based on legacy indication in short message/paging, i.e. waking UE up by LP-WUS, and receiving the notification of SI change or ETWS/CMAS as in legacy.
Capture all the below solution(s) on LP-WUS in Connected mode, configured/used together with Rel-16 DCP in the TR, and continue to discuss the details in WI.
Solution 1: Both LP-WUS and DCP can be configured for a UE. However, UE may use only one of them at any time, e.g. depend on network configuration or link quality, etc.
Solution 2: LP-WUS is used in conjunction with DCP, e.g. LP-WUS first wakes up MR, which then monitors DCP.
The impact on configured resources in connected mode with LP-WUS if any can be discussed in WI (e.g. SPS CG)



In the above agreement, our understanding on "the network" in "the network need not to be aware of whether the UE is monitoring LP-WUS or not in IDLE/INACTIVE" is RAN network. In order to provide LP-WUS configuration to UE without identifying UE monitoring LP-WUS, these information should be given by SIB. It is aligned with "RAN2 has studied LP-WUS configuration, at least via system information broadcast". 
Proposal 1: LP-WUS configuration including the time/frequency domain resource for LP-WUS monitoring in idle/inactive mode is provided by SIB.

For idle/inactive mode UEs, the network is not aware of UE is camping on which cell but only the tracking area for idle mode and only for RAN-based Notification Area (RNA) for inactive mode. To send LP-WUS signal over the cell even when no LP-WUS capable UE is located in the tracking area and/or RNA decreases the radio efficiency and increases the network power consumption. In order to send LP-WUS only when LP-WUS capable UE is located in the tracking area and/or RNA, LP-WUS UE capability should be informed via NAS for idle mode. For RNA handling of inactive mode, either UE informs to RAN or core network to RAN can be discussed in RAN2. When LP-WUS configuration is not provided in SIB, it means the cell is not operating LP-WUS.

Proposal 2: In order to disable LP-WUS transmission when no LP-WUS capable UE is the tracking area, LP-WUS capability should be informed via NAS signalling.

For entry/exit condition for LP-WUS monitoring, RAN2 agreed "at least based on the measurement on at least serving cell quality using LR and/or MR". Elaboration on our view is following.

As the LP-WUS performance would reduce in low SINR cases and can be more sensitive to the timing error and frequency drifting at LR, UE should switch back to normal MR in such cases. The following conditions for UE side state machine should be considered:
· The measurement results based on LP-WUS/LP-SS and/or SSB. 
· When the serving cell measurement result of LP-SS/LP-WUS is getting lower, UE may switch ON the MR monitoring and exit the LR monitoring. 
· When the serving cell measurement result of SSB is becoming higher, UE may switch ON the LR monitoring
· The measurement accuracy of LP-SS/LP-WUS by LR would be poor than the accuracy of SSB measurement by MR, as compromised accuracy can save the power consumption and cost of LR. The original cell dimension is based on SSB measurement by MR. Therefore, even in the condition of LP-SS/LP-WUS monitoring by LR, very sparse periodic measurement by SSB by MR can be useful in order to calibrate the accuracy of LP-SS/LP-WUS by LR. Some mechanism to calibrate measurement accuracy of LP-SS/LP-WUS by comparing with SSB measurement result by MR may be required.
· The stationary condition and/or non-cell edge condition, determined by either SSB or LP-WUS/LP-SS based measurement would be useful similar with RedCap mobility. When UE is in a stationary condition and non-cell edge condition, LR can be used.

Proposal 3: The entry/exit condition for LP-WUS monitoring is based on LP-WUS/LP-SS and/or SSB-based measurement. 
Proposal 4: The measurement accuracy of LP-SS/LP-WUS by LR is assumed to be compromised compared with SSB measurement by MR for saving cost and power. As cell planning is based on SSB measurement by MR, some mechanism to identify and recover the inaccuracy of LP-SS/LP-WUS measurement by LR should be discussed.
Proposal 5: The stationary and non-cell edge condition should be taken into account for the decision of LP-WUS monitoring.

Regarding the LP-WUS and PO monitoring behaviour, below agreement was achieved.
	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


As in IDLE/INACTIVE mode, for better power saving, it is reasonable for UE to keep MR in deep or even ultra deep sleep mode. Thus, even after UE receives LP-WUS indicating wake-up, MR still needs tens of or even hundreds of ms transition time to wake up. In addition, before monitoring paging, MR potentially needs to one or several SSB burst for time/frequency synchronization. Therefore, we do not see the merit of using LP-WUS to indicate a dynamic PO, compared with just monitoring the legacy PO.
Proposal 6: Dynamic PO is not supported by LP-WUS indication. 

The LP-WUS time domain resource and design of the monitoring periodicity needs to consider the association between the MOs (monitoring occasions) of LP-WUS and POs (Paging Occasions). The legacy PF (Paging Frame) within an i-DRX for a group of UEs is decided by the PF_offset configured in SIB1 and the UE ID. DCI format 2_7 supporting paging early indication may support the indication for up to 2 PFs. Similar approach with DCI format 2_7 can be considered for determining the MOs of LP-WUS. The number of PFs/POs associated with one LP-WUS depends on the availability of payload bit size and supported sub-grouping number.
Proposal 7: The configuration of MOs of LP-WUS should consider the association between the LP-WUS and the PFs/POs and the supported sub-group number by the payload size, which is similar with DCI format 2_7. The MOs of LP-WUS should at least be determined by a cell-specific periodicity, a cell-specific offset and a UE or UE group specific offset.

After the LP-WUS triggers UE to start monitor paging, UE needs to wake-up MR and starts the normal paging monitoring procedures following the configuration in SIB1. To wake-up the MR, some practical latency is needed for hardware implementation. Thus, the time gap between the LP-WUS and POs should be guaranteed for receiving paging and SSB, if needed. 
Proposal 8: The time gap between the LP-WUS and associated POs should be larger than a practical value for MR hardware to wake-up and be ready to receive paging PDCCH, PDSCH and potentially SSB.


LP-SS configuration
LP-SS can be configured for synchronization and/or RRM for serving cell. Before UE LR receives the LP-WUS, LP-SS may provide better synchronization. Thus, the configuration of LP-SS is better to be associated with and before the MOs of the LP-WUS. In frequency domain, LP-SS should be aligned with LP-WUS as much as possible in order to avoid the frequency retuning between LP-SS and LP-WUS.
However, in time domain, LP-SS should be a cell-specific signal and thus no need to be 1 to 1 mapped to the MOs of LP-WUS. Network may have some flexibility to configure the LP-SS occasions with periodicity that may achieve a 1:N mapping, which means one LP-SS occasion may be followed by N LP-WUS MOs as shown in Figure.1 below. Therefore, the N UE groups receiving LP-WUS in N MOs are all beneficiaries of this LP-SS. The LP-SS periodicity and N can be configured in the SIB. Similar with SSB reception before DCI format 2_6 with CRC scrambled by PS-RNTI, how many LP-SS to be received is up to UE implementation especially considering SINR condition.


                        Figure.1 Illustration of 1:N association between LP-SS and LP-WUS

Proposal 9: LP-SS resource should be associated with that of LP-WUS. The frequency location of LP-SS should be aligned with LP-WUS as much as possible. In time domain, the LP-SS occasions should be 1 : N mapped to LP-WUS MOs. The LP-SS periodicity and N can be configured in the SIB. How many LP-SS is received before LP-WUS is up to UE implementation considering SINR conditions.


Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: LP-WUS configuration including the time/frequency domain resource for LP-WUS monitoring in idle/inactive mode is provided by SIB.
Proposal 2: In order to disable LP-WUS transmission when no LP-WUS capable UE is the tracking area, LP-WUS capability should be informed via NAS signalling.
Proposal 3: The entry/exit condition for LP-WUS monitoring is based on LP-WUS/LP-SS and/or SSB-based measurement. 
Proposal 4: The measurement accuracy of LP-SS/LP-WUS by LR is assumed to be compromised compared with SSB measurement by MR for saving cost and power. As cell planning is based on SSB measurement by MR, some mechanism to identify and recover the inaccuracy of LP-SS/LP-WUS measurement by LR should be discussed.
Proposal 5: The stationary and non-cell edge condition should be taken into account for the decision of LP-WUS monitoring.
Proposal 6: Dynamic PO is not supported by LP-WUS indication. 
Proposal 7: The configuration of MOs of LP-WUS should consider the association between the LP-WUS and the PFs/POs and the supported sub-group number by the payload size, which is similar with DCI format 2_7. The MOs of LP-WUS should at least be determined by a cell-specific periodicity, a cell-specific offset and a UE or UE group specific offset.
Proposal 8: The time gap between the LP-WUS and associated POs should be larger than a practical value for MR hardware to wake-up and be ready to receive paging PDCCH, PDSCH and potentially SSB.
Proposal 9: LP-SS resource should be associated with that of LP-WUS. The frequency location of LP-SS should be aligned with LP-WUS as much as possible. In time domain, the LP-SS occasions should be 1 : N mapped to LP-WUS MOs. The LP-SS periodicity and N can be configured in the SIB. How many LP-SS is received before LP-WUS is up to UE implementation considering SINR conditions.

Reference
[1] 3GPP RAN1# 116 meeting Chairman’s notes

Appendix
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 monitors for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· It is not precluded that 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.
· Each UE has a periodicity for LO monitoring, and it is at least supported that a UE monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
· FFS: monitoring of multiple more than one LOs per period e.g. if LP-WUS common to all UEs is supported or in case of eDRX (if supported)
· 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.
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