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Introduction
In the RAN1 #116 meeting, issues on LP-WUS operations in IDLE/INACTIVE modes are discussed [1], and the related agreements are listed as follows:
	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, discussions of LP-WUS/LP-SS operation in IDLE/INACTIVE modes will be discussed. The detailed LP-WUS/LP-SS mechanism such as multi-beam operation and RRM measurement is introduced, and the corresponding UE behaviour is also described.
Multi-beam operation for LP-WUS
LP-WUS is targeted for ultra-low power consumption waveform, and the corresponding LP-WUS design has been discussed in the current TR 38.848 [2]. Considering the MR part is usually in the deep sleep state when LP-WUS is received, the synchronization performance will not be accurate enough, causing a significant time offset and affecting the LP-WUS detection. Therefore, LP-SS is introduced to assist the synchronization.
Considering LP-WUS will be transmitted on the specific resources, such resources shall be pre-defined or configured in advance. Based on the agreements achieved in the last meeting [1], a similar mechanism like SSB to RO mapping is supported to avoid too many LP-WUS paging occasions monitored at the same time. That means LP-SS or the existing SSB index can have corresponding LP-WUS paging occasions, and beam sweeping can also be supported. The LP-WUS monitoring occasion is defined as ‘MO’, and the LP-WUS occasion is defined as ‘LO’, a potential SSB to MO mapping can be described as follows:


Figure 1 Example for beam sweeping with 2 beams and 2 candidate MOs per beam
The ‘MO’ definition is similar to the ‘PRACH occasion’ in the NR random access method, and the similar mechanism for PRACH procedure can be reused in the LP-WUS monitor. In the PRACH, an associated period is defined to confirm the number of PRACH configuration periods, and the maximum number depends on the configured PRACH configuration period value and the SSB number. For example, assuming one SSB will map to one PRACH occasion, the association period can be set as one and the PRACH configuration can be configured with 160ms. And if 8 SSB will may to 2 PRACH occasion, the PRACH association period is 4 and PRACH configuration can be configured with 40ms. It can be observed that PRACH period, association period and SSB number will have a certain configuration relationship.
[bookmark: OB1]Observation 1: A configuration relationship exists for the PRACH period, association period and SSB number.
For the LP-WUS monitoring procedure, the definition of ‘LO’ is similar to the PRACH configuration period, and a potential association period should be defined. Considering UE will monitor LP-SS within a period which is comparable to Y and Y is not larger than 1.28s, the maximum ‘LO’ duration should also not larger than 1.28s, and the detailed maximum ‘LO’ duration can be considered as 1.28s.
[bookmark: PP1]Proposal 1: In the multi-beam operation of LP-WUS, the maximum ‘LO’ duration is not larger than 1.28s.
Meanwhile, similar to PRACH configuration period, the ‘LO’ duration should be configurable, and several periods can be configured depending on scenarios. If low latency traffic such as XR is expected in the current NW, small configuration period should be configured to guarantee the transmission performance. Meanwhile, for the normal scenario, lower power consumption is expected and a larger configuration period needs to be considered. Besides, since the largest ‘LO’ duration can be 1.28s, the Association period of LP-WUS transmission should also calculated and configured accordingly. 
[bookmark: PP2]Proposal 2: In the multi-beam operation of LP-WUS, at least following configuration needs to be considered:
· The configurable ‘LO’ duration which contains at least one value
· The Association period of LP-WUS calculated and configured by the configured ‘LO’ duration and the largest ‘LO’ duration. 
LP-WUS information contained
For IDLE/INACTIVE mode, UE ID, UE group ID and subgroup ID are necessary information to wake up the target UE, but the cell information such as cell ID seems not essential. On the first hand, the SSB measurement process can obtain the PCI and the SIB information in the IDLE/INACTIVE mode by detecting the PSS, SSS and PBCH when MR wakes up, thus cell ID information and other system information can be acquired from such process. Besides, the coverage of the LP-WUS/LP-SS signal is the more significant metric, too much information carried in the LP-WUS/LP-SS will result in a reduction of coverage range. Therefore, only UE ID, UE group ID and subgroup ID need to be contained in the LP-WUS contents.
[bookmark: PP3]Proposal 3: UE ID, UE group ID and subgroup ID need to be contained in the LP-WUS contents, and other system information should not be considered to avoid coverage range issues.
LP-WUS operation in IDLE/INACTIVE mode
Activation/deactivation method
During the previous meeting, the LP-WUS monitoring mechanism was discussed and several potential options are listed in the TR. The potential LP-WUS activation method can be listed as follows:
· 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.
· Alt 1b: gNB transmits legacy paging indication and LP-WUS, UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· Alt 2: activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
In the alternative 1 option, gNB should keep transmitting legacy paging indication and LP-WUS, and UE behaviour for the LP-WUS monitoring is based on preconfigured criteria or UE implementation. Monitoring based on UE implementation has higher feasibility due to more implementation freedom on the UE side, but such flexible configurations may make it difficult for the WUR to recognize whether monitoring and receiving LP-WUS are reasonable. If the WUR attempts to monitor LP-WUS under poor channel conditions for a long time, both detection performance and power saving effects may be greatly compromised. Therefore, LP-WUS monitoring based on preconfigured criteria seems more feasible and can be considered as the LP-WUS activation/deactivation method. 
[bookmark: PP4]Proposal 4: LP-WUS monitoring based on preconfigured criteria is more reasonable to avoid continuous monitoring in poor channel condition.
For alternative 2, gNB can obtain the monitoring state based on some signaling. In IDLE/INACTIVE mode, the possible received signaling is usually paging or PEI, but the LP-WUS receiver cannot decode such PDCCH signals, so potential LP-WUS occasion should be associated with a paging or PEI occasion on the MR part if Alt 2 is performed, which may have a large spec impact on the paging signaling design and are not expected on the further normative work. Besides, it seems not sure whether the signaling is a UE specific signaling before UE converge to the Idle mode or just system information broadcasted in the cell, hence it is not known whether UE can perform LP-WUS monitoring immediately when it just opens and no former signaling can be referred to, or whether the monitor can be activated/deactivated by the system information, hence Alt 1 is more clear and simple to form potential mechanism.
[bookmark: PP5]Proposal 5: LP-WUS monitoring based on preconfigured criteria is supported for the LP-WUS activation/deactivation method.
Potential activation/deactivation preconfigured criteria
When Alt 1b is selected as the activation/deactivation method, WUR will start the LP-WUS monitoring if the entry criteria are satisfied and exit the LP-WUS monitoring if the exit criteria are satisfied, thus the reasonable criteria should be discussed. In the current spec, the channel condition or the cell selection is judged based on RRM measurement result, a worse channel condition is identified and a new cell may be selected when the RSRP value is less than a threshold, and a similar mechanism can also be utilized to consider whether WUR will monitor LP-WUS in the corresponding occasion. In this case, a pre-defined LP-WUS signal strength threshold may need pre-defined and its configuration value needs discussion as well.
[bookmark: PP6]Proposal 6: Activation/deactivation criteria should be confirmed, such as an LP-WUS signal strength threshold value.
UE behavior after activation/deactivation
Based on agreement in the last meeting, UE monitors the legacy PO after receiving LP-WUS indicating wake-up, but whether dynamic PO is supported needs further discussion. The introduction of dynamic PO is utilized to shorten the latency between the LP-WUS monitoring occasion and the paging occasion, and may be helpful in the latency-sensitive scenarios, e.g., XR traffic. While such enhancement needs a new definition for the dynamic monitoring occasion and require the corresponding configuration/indication by the gNB, which will increase the power consumption due to the signaling interaction and cause a large spec. impact. Considering the TU is also limited, potential LP-WUS schemes should be converged, thus the dynamic monitoring occasion should not be supported.
[bookmark: PP7]Proposal 7: After receiving LP-WUS indicating wake-up, dynamic monitoring occasion for paging should not be supported.
RRM measurement
Based on the TR description, RRM measurement offloading to the LP-WUR in the serving cell is recommended in the IDLE/INACTIVE mode. Considering the current RRM measurement metric is all designed for legacy OFDM-based receivers, the new measurement metric for LP-WUR should be defined, such as the SS-RSRP, SS-RSRQ, etc. Besides, even if the legacy measurement metric can be reused for OFDM-based WUR, the RRM relaxation configuration should also be considered to perform a low power consumption design target.
[bookmark: PP8]Proposal 8: RRM relaxation and new RRM measurement metric for WUR should be discussed.
Conclusions
In this contribution, we discuss the aspects of the LP-WUS/LP-SS operation in IDLE/INACTIVE modes, and have the following observations and proposals: 
Observation 1: A configuration relationship exists for the PRACH period, association period and SSB number.
Proposal 1: In the multi-beam operation of LP-WUS, the maximum ‘LO’ duration is not larger than 1.28s.
Proposal 2: In the multi-beam operation of LP-WUS, at least following configuration needs to be considered:
· The configurable ‘LO’ duration which contains at least one value
· The Association period of LP-WUS calculated and configured by the configured ‘LO’ duration and the largest ‘LO’ duration. 
Proposal 3: UE ID, UE group ID and subgroup ID need to be contained in the LP-WUS contents, and other system information should not be considered to avoid coverage range issues.
Proposal 4: LP-WUS monitoring based on preconfigured criteria is more reasonable to avoid continuous monitoring in poor channel condition.
Proposal 5: LP-WUS monitoring based on preconfigured criteria is supported for the LP-WUS activation/deactivation method.
Proposal 6: Activation/deactivation criteria should be confirmed, such as an LP-WUS signal strength threshold value.
Proposal 7: After receiving LP-WUS indicating wake-up, dynamic monitoring occasion for paging should not be supported.
Proposal 8: RRM relaxation and new RRM measurement metric for WUR should be discussed.
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