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Introduction
In RAN#102, work item in RP-234056 has been approved. In this contribution, we focus on LP-WUS procedures in IDLE.
Discussion
Monitoring procedures in IDLE/INACTIVE
	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 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



Our preference is to define a fixed set of MOs within each LO, rather than a sliding window. Sliding window monitoring for the MOs can be implemented by the receiver and does not need to be specified. 
We do not see a reason to preclude MR being configured with eDRX configuration, however, we think that the same eDRX configuration should not apply to LP-WUS monitoring. LP-WUS should reduce wake-up latency while providing power consumption like that of long eDRX. Periodicity of LOs equal to iDRX should be supported, whether the periodicity of LOs can be smaller or higher can be further discussed. 
Regarding number of monitoring occasion per each beam, K=1 is sufficient. 
Proposal-1: For LP-WUS monitoring 
· In iDRX, for LO, K=1 is sufficient.
· Periodicity of LO equal to iDRX periodicity is supported. 
· FFS: LO periodicity different to periodicity of iDRX.
· eDRX for MR is supported. eDRX for LR is not supported. 

Procedure upon wake-up
	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


	
When eDRX is NOT configured in MR, “dynamic PO” on top of legacy PO may not be well justified, especially since wake-up ramp-up times were studied to be 0.5-1s. Considering typical 1.28s iDRX cycle, dynamic PO may provide on average at most 0.64s advantage, this with comparison to 0.5-1s ramp-up times provides at most 2-fold improvement in latency. 
When eDRX is configured in MR, situation is different. In this case, having “dynamic PTW” in MR could make sense from latency point of view, especially for the eDRX such 10s or more. Otherwise, upon reception of WUS, UE may need to wait long time until regular PTW to receive paging after WUS.
Further aspect is association of LO and PO. The simplest case to support is one-to-one mapping between LO and PO, i.e. when periodicity of LO is the same as periodicity of iDRX. Further split of PO sub-groups to multiple LOs can be considered in RAN1 to reduce LP-WUS overhead. 
For the case of one-to-one mapping between LO and PO, the wake-up times of MR are comparable with basic iDRX cycle, in our opinion, there is no need to optimize the location of LOs with respect to legacy PO, this can be left up to gNB configuration. UE may report its wake-up time capability, which will determine the legacy PO UE shall monitor. 
Proposal-2: 
· One-to-one mapping between LP-WUS MO and PO is supported as baseline.
· There are no restrictions on location of LO relative to PO, UE shall monitor legacy PO that is located at least X (FFS) ms after the LO containing WUS for the UE.  
· FFS: sub-groups of PO are split into multiple LOs.  
· Support “dynamic PTW”, at least for the case where MR is configured with eDRX while LOs are configured with periodicity < eDRX periodicity.

Activation procedures and RRM
	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.
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.
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.




In previous meeting Exit/Entry conditions were agreed from RAN1 point of view. What remained open is definition of LP-RSRP and LP-RSSI. Furthermore, there has been some diversity of LP-RSSI definition. We compare two alternatives at hand. 

Alt1: For LP-RSRP, definition is linear average of total power in ON symbols, including any noise and/or interference. For LP-RSSI, it could be linear average of total power within all symbols. 

Alt2: For LP-RSRP, definition is linear average of total power in ON symbols reduced by linear average of total power in OFF symbols. And RSSI would be still power across all symbols. 

We computed some examples of combinations of ON-symbol total linear power of signal  and total linear average power of noise and interference  . For simplicity, below we assume there is the same amount of ON and OFF OOK symbols in LP-SS.


	 =1
	RSRQ for Alt1: 
	RSRQ Alt2: 

	 = 0
	0dB
	0dB

	 = 1
	10log10(2/1.5)= 1.25dB
	10log10(1/1.5)=-1.76dB

	= 2
	10log10(3/2.5)= 0.79dB
	10log10(1/2.5)=-3.97dB



From above table one can see that Alt2 is more re-assembling legacy RSRQ definition, providing similar granularity. Our preferred choice is Alt2.

Proposal-3: The RSRP, RSSI and RSRQ is defined as 


 
Conclusions 
In this contribution we discussed issues related to LP-WUS IDLE mode procedures:
Proposal-1: For LP-WUS monitoring 
· In iDRX, for LO, K=1 is sufficient.
· Periodicity of LO equal to iDRX periodicity is supported. 
· FFS: LO periodicity different to periodicity of iDRX.
· eDRX for MR is supported. eDRX for LR is not supported. 

Proposal-2: 
· One-to-one mapping between LP-WUS MO and PO is supported as baseline.
· There are no restrictions on location of LO relative to PO, UE shall monitor legacy PO that is located at least X (FFS) ms after the LO containing WUS for the UE.  
· FFS: sub-groups of PO are split into multiple LOs.  
· Support “dynamic PTW”, at least for the case where MR is configured with eDRX while LOs are configured with periodicity < eDRX periodicity.

Proposal-3: The RSRP, RSSI and RSRQ is defined as 
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