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1. Introduction

In RAN#103 meeting, WID of Rel-19 Low-power wake-up signal and receiver for NR (LP-WUS/ WUR) [1] was discussed and agreed, the objectives related to RRM measurement for RRC IDLE/INACTIVE modes of the work items are given as following.

	· 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)

· 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.
a) Define guard RBs for ACS and ASCS cases.
b) Study testability of above requirements.
c) 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. 
a) Current NR BS requirements is baseline.
· Specify necessary RRM requirements.


This contribution aims to present our views on the RRM relaxation and offloading from MR to LR for UEs in RRC_IDLE/INACTIVE mode.
2. Discussion
2.1 RRM relaxation and offloading Scenarios

To ensure a UE in RRC_INACTIVE/IDLE is camping on the best cell it needs to perform RRM measurement for mobility. RRM measurement for mobility includes serving cell measurement and neighboring cell measurement, which can be intra-frequency or inter-frequency (including inter-RAT) measurement. It’s observed in Rel-18 study items [2] that significant UE power saving gain is obtained by using LP-WUS/WUR to trigger UE MR paging monitoring compared with existing I-DRX operation (with or without PEI), if sufficient relaxation to MR RRM measurement is applied.  
According to the latest WID, RAN2 is required to specify RRM measurement relaxation of UE MR for both serving cell and neighboring cell measurements, and UE serving cell RRM measurement offloaded from MR to LR, including the necessary conditions. However, in the last RAN2 meeting discussions [3], there has been some controversy on if serving cell measurement is relaxed on MR, whether LR can perform the serving cell measurement at the same time, i.e., whether the relaxation and offloading are performed for UEs in RRC_INACTIVE/IDLE state simultaneously. In our understanding, there may be potential scenarios on RRM measurement with LP-WUS/WUR.
1) RRM measurement on both serving cell and neighboring cell are relaxed on UE MR, LR performs no RRM measurement.

2) RRM measurement on serving cell is fully offloaded from UE MR to LR, MR performs no RRM measurement on serving cell while LR performs offloaded serving cell measurement.

3) RRM measurement on serving cell is partially offloaded from UE MR to LR, MR performs relaxed serving cell measurement while LR performs offloaded serving cell measurement.

In the above scenarios, especially on the support of scenario 2) or scenario3) or both needs to be clarified clearly. Generally, both RAN4/1 and RAN2 are involved to study those aspects in detail, RAN2 may need to wait for more solutions from other WGs especially in the feasibility and performance analysis for above relaxation and offloading scenarios, i.e. in the case of RRM measurement on serving cell via MR is relaxed, whether LR performs RRM measurement on serving cell or not at the same time.
Proposal 1: In the case of RRM measurement on serving cell via MR is relaxed, whether LR performs RRM measurement on serving cell or not at the same time, RAN2 may wait for more solutions from RAN4/1.

However, regarding the certain conditions or criterion to perform such RRM measurement relaxation or offloading, we think it can be considered and discussed by RAN2 firstly, which may further include the conditions on neighboring cell relaxation conditions on MR, serving cell relaxation conditions on MR, and serving cell measurement offloading conditions from MR to LR, when UEs with LP-WUS/WUR configuration to perform such measurement behaviors in RRC_INACTIVE/IDLE state. It is suggested RAN2 to discuss those conditions respectively.

Proposal 2: For UE with LP-WUS/WUR in RRC_INATCIVE/IDLE mode, RAN2 is suggested to discuss neighboring cell relaxation conditions on MR, serving cell relaxation conditions on MR, and serving cell measurement offloading from MR to LR respectively.
2.2 Neighboring cell relaxation conditions on MR
In Rel-16/Rel-17 power saving and Redcap study [4], RRM measurement relaxation on neighboring cell was introduced, but for UE with LP-WUS/WUR, further relaxation or even no measurement by MR could be considered while serving cell is offloaded to LR as concluded in SI phase. In legacy relaxed measurement on neighboring cell measurement for power saving, RRM measurement relaxation is enabled and disabled by the network, a UE is allowed to relax neighboring cell RRM measurement when low mobility evaluation/stationary criterial is met, or when both low mobility evaluation/stationary criteria and not-at-cell-edge criteria are met, and UE shall report its RRM measurement relaxation status using UE assistance information when the corresponding criterion is met or no longer met. Generally, in the case of UE configured with LP-WUS/WUR, the legacy principles of RRM measurement relaxation on UE neighboring cells can still be reused and applied on the MR as legacy. For UEs with LP-WUS/WUR in RRC_INACTIVE/IDLE mode, the MR performs neighboring cell measurement relaxation when legacy defined RRM measurement relaxation conditions on UE neighboring cell e.g., stationary/low mobility condition, not-at-cell edge condition, etc. are satisfied.
Proposal 3: Neighboring cell relaxation on MR follows legacy RRM measurement relaxation conditions on UE neighboring cell e.g., stationary/low mobility conditions, not-at-cell edge condition, etc.
2.3 Serving cell relaxation or offloading conditions on MR

In our understanding, the RRM measurement relaxation conditions on UE neighboring cells guarantee that UE is in a relatively stable state and has low possibility to perform cell (re)selection. Those conditions should also be regarded as the starting point for MR serving cell relaxation, at least when UE is in a low mobility status, serving cell relaxation may be performed for power saving purpose and also cause little impacts as possible on mobility performance. In addition to the conditions related to UE status, the LP-WUS/WUR related conditions is suggested to be further considered since UE is capable of both MR and LR, the availability of LR measurement may impact how the UE performs the serving cell measurement relaxation or even offload the serving cell measurement to LR. Therefore, RAN2 is suggested to discuss the conditions for UE to perform the RRM measurement relaxation on serving cell, or to offload serving cell measurement from MR to LR by taking both UE status related conditions and LP-WUS/WUR measurement results into consideration.
Proposal 4 UE determines to perform RRM measurement relaxation on serving cell, or to offload serving cell measurement from MR to LR by taking following conditions into consideration:

· UE status related conditions, e.g., legacy stationary/low mobility condition, not-at-cell edge conditions.

· LR measurement results on e.g., LP-SS.
Considering there are multiple potential scenarios for relaxation and offloading cases as described in 2.1, we may have the analysis further on the conditions case by case. In the case of MR performs serving cell measurement relaxation while LR performs no measurement, the serving cell measurement relaxation does not include offloading. We think the neighboring cell relaxation conditions on MR can be taken as baseline for the serving cell measurement relaxation, i.e., while the UEs in RRC_INACTIVE/IDLE mode is in a relative rest state within cell center, the serving cell measurement relaxation may be considered, the detailed thresholds/criterion to define such conditions can be further studied. Since no LR measurement is performed in this case, the conditions related to LR measurement results can be omitted.
Proposal 5: If LR performs no measurement in the case of MR performs serving measurement relaxation, the neighboring cell relaxation conditions can be taken as baseline, details are FFS.
Additionally, in the case of MR performs serving cell measurement relaxation, and LR performs the offloaded serving cell measurement at the same time, LR measurement results may greatly affects the UE measurement behaviors. For example, at least the UE needs to stay in the coverage of LP-WUS, then UE may offload the measurement from MR to LR, UE may determine this based on the measurement results for a target reference signal e.g., LP-SS from the serving cell. And the quality/ strength of LR measurement signal can be used to determine whether LR can perform the offloaded measurement from MR. Therefore, in the case of serving cell measurement relaxation includes offloading, UE may determine whether to perform serving cell measurement relaxation on MR based on UE status condition firstly, and whether to offload serving cell measurement to LR fully or partially depends on the signal strength of LR measurement, e.g., on LP-SS.
Proposal 6: UE may determine to perform serving cell measurement relaxation on MR based on UE status condition firstly, and whether to offload serving cell measurement to LR fully or partially depends on the signal strength of LR measurement, e.g., on LP-SS.
2.4 Fallback from LR to MR for offloading case
As the scenarios analysis above, in the case of MR offloads the serving cell measurement to LR, MR may perform no RRM measurement or MR still performs partial RRM measurement e.g., the relaxed serving cell measurement. No matter which scenario is identified, due to the minimalist design of the low power radio, RRM measurement results performed by LR may still have loss on accuracy to some extent compared to the MR measurement results, fallback mechanism should be defined to make UE stop the relaxation or offloading and fallback to legacy RRM measurements on MR to guarantee the mobility performance, which means LR measurement results may not contribute UE to perform cell selection or reselection directly. For example, in the case of UE offloads the serving cell measurement from MR to LR, when the serving cell measurement results (e.g., LP-SS) as measured by the LR falls below a threshold during a time window, i.e., like legacy neighbouring cell measurement conditions, the UE may be triggered to perform neighbouring cell measurements. However, considering the feasibility or support of neighbouring cell measurement on LR needs to be verified, it is suggested that MR to wake up to perform the neighbouring cell measurements in such case. Once MR wakes up, LR stops to perform the offloaded serving cell measurement, and MR performs the RRM measurement on both serving cell and neighbouring cell as legacy.
Proposal 7: Regarding to offload the serving cell measurement from MR to LR:

· When the serving cell measurement results (e.g., LP-SS etc.) as measured by the LR falls below a threshold during a time window, MR wakes up to perform both serving cell and neighbouring cell measurement as legacy.

· Once the MR wakes up to perform the RRM measurement as legacy, the LR stops to perform the offloaded RRM measurements on serving cell.
2.5 Cell (re)selection impacts
Furthermore, in the case of UE configured with LP-WUS/WUR is triggered to perform cell (re)selection in RRC_INACTIVE/ RRC_IDLE, to ensure the LR availability and minimize the power consumption caused by MR monitoring in the new camping cell, UE may prioritize the cell(s) supporting LP-WUS/WUR operation.
Proposal 8: When cell (re)selection is performed, UE configured with LP-WUS/WUR may prioritize the cell(s) supporting LP-WUS/WUR operation.
3. Conclusion

Proposal 1: In the case of RRM measurement on serving cell via MR is relaxed, whether LR performs RRM measurement on serving cell or not at the same time, RAN2 may wait for more solutions from RAN4/1.
Proposal 2: For UE with LP-WUS/WUR in RRC_INATCIVE/IDLE mode. RAN2 is suggested to discuss neighboring cell relaxation conditions on MR, serving cell relaxation conditions on MR, and serving cell measurement offloading from MR to LR respectively.
Proposal 3: Neighboring cell relaxation on MR follows legacy RRM measurement relaxation conditions on UE neighboring cell e.g., stationary/low mobility conditions, not-at-cell edge condition, etc.

Proposal 4 UE determines to perform RRM measurement relaxation on serving cell, or to offload serving cell measurement from MR to LR by taking following conditions into consideration:

-
UE status related conditions, e.g., legacy stationary/low mobility condition, not-at-cell edge conditions.

-
LR measurement results on e.g., LP-SS.
Proposal 5: If LR performs no measurement in the case of MR performs serving measurement relaxation, the neighboring cell relaxation conditions can be taken as baseline, details are FFS.
Proposal 6: UE may determine to perform serving cell measurement relaxation on MR based on UE status condition firstly, and whether to offload serving cell measurement to LR fully or partially depends on the signal strength of LR measurement, e.g., on LP-SS.
Proposal 7: Regarding to offload the serving cell measurement from MR to LR:

· When the serving cell measurement results (e.g., LP-SS etc.) as measured by the LR falls below a threshold during a time window, MR wakes up to perform both serving cell and neighboring cell measurement as legacy.

· Once the MR wakes up to perform the RRM measurement as legacy, the LR stops to perform the offloaded RRM measurements on serving cell.
Proposal 8: When cell (re)selection is performed, UE configured with LP-WUS/WUR may prioritize the cell(s) supporting LP-WUS/WUR operation.
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