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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In RAN#102, a WI on Low-power wake-up signal and receiver for NR was approved. The objectives of the WI include specifying LP-WUS and LP-SS configurations and procedures for both IDLE/INACTIVE and CONNECTED modes. In RAN1#116bis, some details are discussed and agreements are reached:
	
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, Power ratio of OOK-ON symbol and OOK-OFF symbol
Note: RAN1 will send an LS to RAN2 and RAN4 on the measurement metrics that can be supported from RAN1 perspective, to facilitate RAN2/RAN4 discussions. 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, 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.

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


In this contribution, the procedures of LP-WUS/LP-SS monitoring for UE in idle/inactive mode were discussed.
Discussions
LO monitoring
It is agreed that UE monitors LOs with a configured periodicity. Since UE will monitor the associated PO when it is woken up by the indication monitored in a LO, the periodicity of LO monitoring can naturally be the same cycle as the PO monitoring period. 

Proposal 1: The periodicity of LO monitoring cycle can be the same as the PO monitoring cycle.

When a UE monitors LP-WUS on LO, it monitors the associated PO after the LO. Since many UEs may be mapped to one PO, it is beneficial to group these UEs and use separate indications for each subgroup in LP-WUS. A larger subgroup size means less FAR and higher power-saving gain. In R16, the subgroup size for PEI is up to 8. Considering the higher cost of ramp-up duration from ultra-deep sleep, the subgroup size can be larger than 8, e.g. up to 32 to obtain a better power-saving gain than R16 PEI method. 

Proposal 2: The subgroup size for UEs mapping to one PO can be larger than 8, e.g. up to 32.

[bookmark: OLE_LINK113]For the mapping between LOs and POs, at least one LO associated with a PO shall be supported. Considering the case of mismatch between subgroup size and payload size of LP-WUS, in the case of larger subgroup size, multiple LOs may be associated with a PO. In the case of a small cell, one LO associated with multiple POs can also be supported to reduce system overhead.

Proposal 3: Support 1-1,1-N and N-1 mapping between LO and PO.

It is agreed that Each LO consists of N * K LP-WUS MOs, and FFS for the value of K. for PEI-O and PO, it is supported to use time-domain repetition of PDCCH monitoring occasion to improve the DL reception performance. It also can support time-domain repetition for LP-WUS MO in a LO to improve LP-WUS monitoring performance. Furthermore, considering an LP-WUS may occupy a long time domain resource which has a negative impact on gNB scheduling, so FDM of LP-WUS MOs with a shorter symbols allocation in LO can also be supported to alleviate the resource allocation complexity.

Proposal 4: Support K can be larger than 1.
Proposal 5: Support time repetition and FDM of LP-WUS MO in a LO.
[bookmark: OLE_LINK114][bookmark: OLE_LINK20][bookmark: OLE_LINK21]For idle UE periodicity monitoring PO, the duty-cycled LP-WUS monitoring is recommended. A minimum time gap can be introduced to ensure sufficient time after being woken up by LP-WUS

[bookmark: _Toc159213780]Proposal 6: Introduce a minimum time gap between LP-WUS monitoring occasion and UE paging occasion. 

[bookmark: OLE_LINK112]The maximum information bit size carried in one LP-WUS may be limited by the resource overhead, the capability of LP-WUR and coverage. It was discussed that it could be 8 or 16. An LP-WUS of this size is just enough to contain subgroup wake-up information and should not contain other cell-common information.

Proposal 7: It is not recommended to include other info in LP-WUS.

[bookmark: OLE_LINK18]LP-WUS monitoring for eDRX

In NR, an idle UE shall monitor the POs during each DRX paging cycle. if eDRX is provided, the UE shall only monitor the POs in the PTW during long eDRX cycles, and the average latency of the paging response will depend on the duration of the eDRX. According to the evaluation in the SI, if LP-WUS monitoring is also limited to POs in the PTW, the mean latency will increase to double, which is not in the context of the WI, i.e. both power saving and latency reduction should be considered.

Proposal 8: Support WUS monitoring outside of PTW when eDRX is configured for UE.

Entry-exit conditions
It was agreed that UE may start LP-WUS monitoring if the serving cell measurement performed by the MR is above the entry threshold(s). it may work well when LP-WUS is located in the same carrier with channels for MR(i.e. SSB). In SI, it is studied the carrier/band location of LP WUS and signals for MR, and RAN4 concluded that the operating band for the low-power radio (LR) and main radio (MR) can be the same or different band from RF perspective.

Proposal 9: Consider both MR measurement and LR measurement for entry conditions if LP-WUS and channels for MR are not the same carrier or band.

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: The periodicity of LO monitoring cycle can be the same as the PO monitoring cycle.
Proposal 2: The subgroup size for UEs mapping to one PO can be larger than 8, e.g. up to 32.
Proposal 3: Support 1-1,1-N and N-1 mapping between LO and PO.
Proposal 4: Support K can be larger than 1.
Proposal 5: Support time repetition and FDM of LP-WUS MO in a LO.
Proposal 6: Introduce a minimum time gap between LP-WUS monitoring occasion and UE paging occasion. 
Proposal 7: It is not recommended to include other info in LP-WUS.
Proposal 8: Support WUS monitoring outside of PTW when eDRX is configured for UE.
[bookmark: _GoBack]Proposal 9: Consider both MR measurement and LR measurement for entry conditions if LP-WUS and channels for MR are not the same carrier or band.
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