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1 Introduction
In RAN #102 meeting, new work item on Low-power wake-up signal and receiver for NR (LP-WUS/WUR) is approved with the following scope [1]:
	The objectives of the work item are the following:

· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.

· Y will be decided within WI. 320ms is the start point.

· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2

· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.

· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance

· Define guard RBs for ACS and ASCS cases

· Study testability of above requirements

· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements


In this contribution, we give some general considerations on the RRM relaxation from the high layer point of view, e.g., relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions.
2 Discussion
RAN2 has studied and concluded the feasibility for RRM measurement relaxation (including no measurement) for serving cell by MR and neighbouring cell by MR at least if RRM measurement on LR for serving cell is feasible/supported. Details are to be decided in WI. If UE still have to wake up and switch on main radio frequently to perform serving cell RRM measurement or neighbouring cell RRM measurement, the power saving effect of the LP-WUS mechanism may be highly reduced and end up with much increased power consumption, therefore serving cell and neighbouring cell measurement relaxation should be considered. It is better that we can offloading RRM functionalities to LP-WUR and no measurement on MR.
From RAN2’s perspective, we need to study the criteria for relaxing serving cell as well as neighbouring cell RRM measurement. In Rel-16/R17, the relaxing RRM measurement for intra-frequency or inter-frequency/inter-RAT frequency is allowed for UEs not at cell edge and/or with low mobility. However, it is noted that no relaxation is so far allowed for the serving cell RRM in Rel-16/R17. If offloading serving cell and neighbouring RRM to LP-WUR completely, i.e., MR has stopped performs measurements for both neighbouring and serving cell, it is expected that at least the current criteria for relaxing neighbouring cell RRM measurement must be fulfilled or even with more stringent requirement or thresholds. It is straightforward to use the legacy criteria, i.e., at cell edge and/or with low mobility for pre-configured entry condition with more stringent thresholds. 
Proposal 1 The received signal (e.g., PSS/SSS) by MR being fulfilling the at cell edge and/or with low mobility criteria can be reused for relaxing serving cell/neighbouring cell RRM measurement.

In the meanwhile, LP-WUS link performance is considerably worse than legacy physical channels (e.g., PDCCH or PUSCH), and there could be partial LP-WUS coverage in the cell. For the partial coverage case, UE may need to keep track of whether it moves in LP-WUS coverage in the cell. The UE could determine this based on the measured RSRP of LP-SS or PSS/SSS (if LP-WUR that can receive existing PSS/SSS), e.g., compared to an RSRP threshold in system information. 
Proposal 2 The received signal (e.g., LP-SS or PSS/SSS) by LR being fulfilling good enough criteria can be considered for relaxing serving cell/neighbouring cell RRM measurement.

RAN2 is suggested to further study whether both criterias should be applied together and how to use it. One way is  that when the quality of received signal (e.g., the serving cell's SSB) measured by MR is better than a pre-configured threshold as well as the quality of received signal (e.g., the LP-SS) measured by LR is better than a pre-configured threshold, UE considers the entry condition for using LP-WUS is fulfilled.

However, for LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS, then seems the current cell edge and/or with low mobility criteria with measurements of legacy SSB would be sufficient. If not, then UE need to measure SSB on both LR and on MR. Considering the sensitivity of different receivers, the requirement would be different.
Proposal 3 RAN2 can further study whether both the received signal by MR and LR should be evaluated for relaxing serving cell/neighbouring cell RRM measurement.
One of the exit conditions for using LP-WUS or ultra-deep sleep power state should be that the UE is out of LP-WUS coverage or at cell edge and/or with low mobility criteria is not fulfilled. A quality threshold of target Reference Signal can be pre-configured to UE to define the exit condition for using LP-WUS. With this threshold, UE can stop using LP-WUS and exit the ultra-deep sleep power state when the quality of target Reference Signal (e.g., LP-SS or PSS/SSS) is lower than the threshold. 
When UE exits using LP-WUS or ultra-deep sleep power state, UE can start the re-evaluation for at cell edge and/or with low mobility criteria for relaxed measurement criterion for RRM/BFD/RLF if configured. E.g., the low mobility criteria for relaxed measurement criterion for RRM/BFD/RLF before UE entering ultra-deep sleep power state will not be valid any more, e.g., the reference RSRP for relaxed measurement criterion should be reset.
Proposal 4 When UE exits using LP-WUS or ultra-deep sleep power state, UE can start the re-evaluation for at cell edge and/or with low mobility criteria for relaxed measurement criterion for RRM/BFD/RLF if configured.
Obviously, UE not transit to Ultra-deep-sleep and relax measurements when EMR is configured similar as in Rel-16/R17 for the RRM relaxing.

Proposal 5 UE does not transit to Ultra-deep-sleep and relax measurements when EMR is configured.

3 Conclusions

Based on the discussion, our proposals are provided as follows:
Proposal 6 The received signal (e.g., PSS/SSS) by MR being fulfilling the at cell edge and/or with low mobility criteria can be reused for relaxing serving cell/neighbouring cell RRM measurement.

Proposal 7 The received signal (e.g., LP-SS or PSS/SSS) by LR being fulfilling good enough criteria can be considered for relaxing serving cell/neighbouring cell RRM measurement.

Proposal 8 RAN2 can further study whether both the received signal by MR and LR should be evaluated for relaxing serving cell/neighbouring cell RRM measurement.
Proposal 9 When UE exits using LP-WUS or ultra-deep sleep power state, UE can start the re-evaluation for at cell edge and/or with low mobility criteria for relaxed measurement criterion for RRM/BFD/RLF if configured.
Proposal 10 UE does not transit to Ultra-deep-sleep and relax measurements when EMR is configured.
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