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Introduction
In RAN#102, work item in RP-234056 has been approved. In RAN1 #116, we have had the following agreements:
	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.



In this contribution, we focus on LP-WUS procedures.
Discussion
Monitoring procedures in IDLE/INACTIVE
	Agreement
Study further pros and cons of the following monitoring behaviours of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 

RAN plenary guidance
· At least duty-cycled monitoring of LP-WUS is supported
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




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. 
Proposal-1: eDRX for MR is supported. eDRX for LR is not supported. 
· Periodicity of LO equal to iDRX periodicity is supported. 
· FFS: LO periodicity different to periodicity of iDRX.
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
	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.
RAN2 agreement
· Entry/exit condition(s) of using LP-WUS is configured in SIB. 
· FFS via RRC dedicated signaling, e.g. by RRC release.
· Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS.  
· UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled. The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR.
Agreement
For LP-SS design from RAN1 perspective, consider at least the following as the design target:
· For RRM measurement performed by LP-WUR based on LP-SS, UE can satisfy measurement accuracy based on X LP-SS samples within a period which is comparable to Y=the length of I-DRX cycle that is larger or equal to 1.28s.
· FFS: X  
· Note: Y is chosen for evaluating LP-SS design. 
· Network overhead and network power consumption are to be considered




Based on RAN1#116 discussion under 9.6.2., there was no consensus to discuss in RAN1
· RRM measurement metrics
· Target SINR for RRM measurement accuracy
· Entry/exit conditions

On the other hand, one agreement has been made under 9.6.1, where value X is open. If periodicity of LP-SS is 320ms, X>=4 occurance/samples of LP-SS within Y.  4 samples of 14symbol LP-SS, i.e. 56 symbols, SI showed that <3dB accuracy at -6dB SNR has been satisfied and at -9 dB it was close to 3dB accuracy. 56symbol and 5MHz wide LP-SS resource within 1.28s iDRX results in 4/1280=0.3125% overhead within 5MHz carrier per beam.
Observation-1: With 320ms LP-SS periodicity, <3dB accuracy at -6dB SNR can be satisfied. Overhead is small, however grows with number of supported beams.
Conclusions 
In this contribution we discussed issues related to LP-WUS IDLE mode procedures:
Proposal-1: eDRX for MR is supported. eDRX for LR is not supported. 
· Periodicity of LO equal to iDRX periodicity is supported. 
· FFS: LO periodicity different to periodicity of iDRX.

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.

Observation-1: With 320ms LP-SS periodicity, <3dB accuracy at -6dB SNR can be satisfied. Overhead is small, however grows with number of supported beams.
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