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Introduction
RRM core requirements for LP-WUR are discussed in RAN4#110-bis, and the outcomes are captured in [1]. Based on [1], further discussions are needed for following remaining issues.
· LP-WUR requirements
· MR relaxation 
· Entry/exit of LP-WUS monitoring
In this paper, we will provide our views on RRM core requirements for LP-WUR.
Discussion
LP-WUR requirements
In last meeting it is agreed to define core requirements for LP-WUR measurement.
	Issue 2-1-1: Core requirements to be specified for LP-WUR measurement
Agreement: 
· At Rel-19 LP-WUR WI, for LP-WUR measurement, RAN4 specifies measurement requirements for the following:
· Measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state
· Measurement requirements for LP-WUR serving cell measurement based on existing PSS/SSS at Idle/Inactive state
· Other related requirements are FFS


RAN4 also agreed following related to the working methodology.
	Issue 2-2-1: Methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode
Agreement: Agreement on the target SNR for RAN4 simulation:
· The outcome of RAN1’s study in Rel-19 WI on SNR/SINR target is used as the starting point for RAN4 LP-WUR requirement study. 
· Aspects not considered in RAN1 (if any) can be further discussed in RAN4. 


While RAN4 is waiting for the outcome of RAN1 discussion on the SNR/SINR target, RAN4 also discussed the accuracy requirements for LP-WUR measurement. 
	Issue 2-2-3: Accuracy
Agreement:
RAN4 requirement for LP-WUR RRM measurement in Idle/inactive states:
· RAN4 to discuss the simulation assumptions considering the target SNR, accuracy and number of samples.
· RAN4 will define the delay requirement in core part, and further discuss whether/how to define the accuracy requirement.
For information only:
RAN4 requirement for LP-WUR RRM measurement in Idle/inactive states:
Options for further discussion (the options are only for information purpose)
· Option 1): Define the dedicated accuracy requirement in the performance section, FFS whether/how it can be verified in the test case.
· Option 2): No dedicated accuracy requirement in the performance section, and reflect the accuracy performance as a margin in the core requirement.
Option 2a): FFS accuracy requirement, and reflect the accuracy performance in delay requirement in core part. 
· Other options are not precluded.


We support to define the accuracy requirements as it is important for correct triggering of MR for paging monitoring based on the exit condition. Among the options for how to specify the requirements, we support option 2, which is same as cell reselection requirements, where accuracy is implicitly defined as margin (highlighted in yellow in the copied requirements). 
	For an intra-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the intra-frequency cell has met reselection criterion defined in TS38.304 [1] within Tevaluate,NR_Intra when Treselection = 0 as specified in table 4.2.2.3-1, table 4.2.2.3-2, table 4.2.2.3-3, table 4.2.2.3-4 or table 4.2.2.3-5 provided that:
when rangeToBestCell is not configured:
-	the cell is at least 3dB better ranked in FR1 or 4.5dB better ranked in FR2.


The exact value for the accuracy should be FFS based on link level simulations, where the target SNR/SINR, accuracy and number of samples are all considered for evaluation. We do not see the need for RAN4 to set a baseline or target accuracy at this stage. It is noted that the accuracy numbers need to be determined for both OOK and OFDM based receiver, which may be same or different. 
Proposal 1: For LP-WUR measurement, define accuracy requirements and reflect it as a margin in the core requirement. The exact accuracy values are FFS for both OOK and OFDM based receiver. 
	Issue 2-2-6: Time/frequency sync
· Proposals 
· P1: Serving cell RRM measurement requirements for LP-WUR, RAN4 to discuss the assumption on time and frequency error the measurement may experience. (Huawei) 
Recommendations: 


We assume the next step for RAN4 study is to evaluate the measurement performance of LP-WUR via link level simulations. One particular issue in our view is the time and frequency error as it is well known that the measurement performance degrades with larger time and frequency error. 
In legacy requirements the time and frequency error may not be big issue as UE will perform sync on SSB before measurement. For LP-WUR, the sync performance may not be as good as MR, especially for OOK receiver, and the impact of time and frequency error may not be negligible. We suggest RAN4 to discuss the assumption on time and frequency error when agreeing on the simulation assumption for LP-WUR.
Proposal 2: RAN4 to discuss time and frequency error when agreeing on the simulation assumption for evaluating LP-WUR measurement performance.
	Issue 2-2-5: LP-SS with periodicity
· Proposals 
· P1: RAN4 uses 320ms as the LP-SS periodicity for requirement study. (vivo)
· P2: Whether LP-SS measurement in IDLE/Inactive mode shall follow LP-SS periodicity only or follow DRX/eDRX cycle (Apple)
· P3: RAN4 to determine LP-SS periodicity Yms based on a desired measurement accuracy, a desired number of samples needed for filtering and a desired minimum SNR level (Qualcomm)
Recommendations: 


In last meeting, some companies raised up the issue about the measurement interval. We think it is a valid issue, i.e. the LP-SS periodicity is up to RAN1 decision, but how frequent LP-WUR measures the LP-SS is up to RAN4 requirements. We suggest RAN4 to further discuss this issue in future meetings. 
Proposal 3: For LP-WUR measurement, further discuss the assumptions on the measurement interval for defining the requirements, e.g. LP-SS periodicity or DRX/eDRX cycle.
MR relaxation 
	Issue 2-2-2: Core requirements to be specified for MR RRM relaxation
· Proposals 
· P1: RAN4 specifies MR relaxation requirements at idle/inactive mode for UE supporting LP-WUR (vivo LG CMCC Nokia Huawei ZTE). 
· P2: RAN4 needs further discussion on MR RRM requirements
· Discusses MR RRM relaxation for both serving cell and neighbour cell measurements. (CATT)
· RAN4 needs further evaluate serving cell measurement relaxation by MR when LP-WUR is enabled, neighbour cell evaluation can be discussed after further input from RAN2. (Samsung)
· RAN4 to discuss the impact on the serving cell evaluation requirements when using the following signals: LP-SS, legacy SSS, hybrid LP-SS and SSS and identify corresponding requirements, whether/when/how to relax the UE MR requirement and whether/when/how to cease/relax/initiate neighbour cells’ measurement (Ericsson)
· The criteria design for RRM relaxation of UE MR for both serving and neighbor cell measurements can be left to RAN2 to decide, but RAN4 can investigate the mobility performance to quantify the relaxation, e.g., scaling factor for measurement period. (Apple)
Recommendations: 


RAN4 also discussed the requirements for MR measurement with relaxation. It is straightforward to define requirements for relaxed MR measurement, i.e. P1. We assume the entry/exit condition for the MR relaxation is to be defined in RAN2, so RAN4 may not need to spend efforts on it unless asked by RAN2.
What RAN4 needs to discuss is whether the relaxed MR measurement is for serving cell, neighbor cell or both. Our view is that it should at least apply for neighbor cell, as it is quite possible that neighbor cell measurement is required when serving cell RRM is offloaded to LP-WUR. For serving cell, it is not fully clear to us whether relaxed MR measurement is needed since LP-WUR is already measuring serving cell, but we are open to further discussions.
Proposal 4: RAN4 to specify relaxed MR measurement requirements at least for neighbor cells, FFS for serving cell.
Similar to LP-WUR measurement, the relaxed MR measurement requirements should also include delay and accuracy requirements. The accuracy requirements should also be reflected as a margin in the core requirement, and it is FFS whether the existing margins for cell reselection can be re-used.
Proposal 5: For relaxed MR measurement, define accuracy requirements and reflect it as a margin in the core requirement. FFS whether the existing margins for cell reselection can be re-used.
	Issue 2-3-1: MR RRM relaxation factor for serving cell/neighbour cell
· Proposals 
· P1: Relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation (vivo)
· P2-1: Equal or larger than 8 (CMCC)
· P2-2: >=16 (Huawei)
· P2: RAN4 should consider relaxation on higher priority frequency layer search requirements based on “conditions” defined by RAN2. (vivo)
· P3: Neighbor cell evaluation can be discussed after further input from RAN2 (Samsung)
Moderator’s Note:
The suggested relaxation factor in P1 are based on RAN1 SI outcome, for example at section 9.1 of TR 38.869 “Significant UE power saving gain (up to more than 90%) is observed by using LP-WUS/WUR to trigger UE MR paging monitoring compared with existing I-DRX operation (with and without PEI), if sufficient relaxation to MR RRM measurement is applied.”
Recommendations: 


On the delay requirements for relaxed MR measurement, as the relaxation is aimed at power saving, we believe the power saving gain should be the main factor to determine the relaxation factor. Figure 1 shows our evaluation on the power saving gain from SI for MR relaxed measurement, with different relaxation factors.
[image: C:\Users\z00471532\AppData\Roaming\eSpace_Desktop\UserData\z00471532\imagefiles\5B42CE3E-6806-4BA6-8259-EE51DE8C464E.png]
Figure 1: Power saving gain for MR relaxed measurement with different relaxation factors
It can be seen that the power saving gain reduced obviously when relaxation factor becomes smaller. With 10 times relaxation, the gain is 20% in ideal case for paging, and to achieve meaningful gain in realistic case, the relaxation factor needs to be > 20. We suggest RAN4 to consider 16 as the smallest relaxation factor.
Proposal 6: For MR measurement with relaxation, the legacy SINR condition and accuracy are re-used, and the relaxation factor should be >= 16.
Entry/exit of LP-WUS monitoring
RAN1 made the following working assumption regarding entry/exit conditions for LP-WUS monitoring.
	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.


Our understanding of the working assumption is that  
· When the entry condition for LP-WUS monitoring is met, UE may turn off MR for paging monitoring but may monitor LP-WUS with LP-WUR, and UE should wake up MR for paging reception when it receives WUS targeting at it. 
· When the exit condition for LP-WUS monitoring is met, UE should turn on MR for paging monitoring. 
It is important that UE does not miss paging when entry/exit condition for LP-WUS monitoring is met. We suggest RAN4 to define requirements on UE paging monitoring to make sure that UE does not miss paging when entry/exit condition for LP-WUS monitoring is met.
· When the entry condition for LP-WUS monitoring is met, it is important to make sure UE timely opens LP-WUR for LP-WUS monitoring if it turns off the MR, otherwise it may miss paging.
· When the exit condition for LP-WUS monitoring is met, it is important to make sure UE timely opens MR for paging monitoring if MR is turned off, otherwise it may miss paging. 
Proposal 7: RAN4 to define requirements on UE paging monitoring to make sure that UE does not miss paging when entry/exit condition for LP-WUS monitoring is met.
	Issue 2-2-3: Criteria (entry/exit conditions) for LP-WUR measurement 
· Proposals 
· P1: RAN2 is be the main group for criteria (entry/exit conditions) design (vivo Qualcomm) 
· P1-1: RAN4 shall work on defining the RRM measurement relaxations and/or RRM measurement offloading mechanisms considering the criteria defined by RAN2 (Qualcomm)
· P2-1: Study other conditions for the entry/exit condition for LP-WUS monitoring other than the measurement based condition from the RAN4 perspective. (LG)
· P2-2: RAN4 to confirm that same entry/exit condition for LP-WUS monitoring applies for serving cell RRM measurement offloading (from MR to LP-WUR) (Huawei)
· P3: Considerations on criteria and entry/exit conditions
· RAN4 to consider the necessary conditions for RSRP/RSRQ measurement after offloading from MR to LP-WUR, such as the NF difference between LP-WUR and MR and applicable coverage conditions of LP-WUR (CATT)
· The existing RRM relaxed criteria for intra-frequency and inter-frequency measurement in RRC IDLE could be considered as the starting point to specify the conditions to offload serving cell measurement from MR to LP-WUR (oppo)
· RAN4 to discuss the conditions to enter/exit the LP-WUS evaluation of serving cell based on the RSRP/RSRQ simulation results.  (Ericsson) 
· RAN4 to define requirements for LP-WUR Entry and Exit criteria based on RAN1 and RAN2 design. FFS if RRM simulations for entry and exit criteria are needed. (Nokia) 
Recommendations:


In above discussion, the entry/exit condition is for LP-WUS monitoring. RAN4 also needs to discuss entry/exit condition for serving cell RRM measurement offloading, i.e. when UE could turn off MR but use LP-WUR for serving cell RRM (sync and measurement). 
In our view, same entry/exit condition for LP-WUS monitoring applies for serving cell RRM measurement offloading. The following scenarios can be resulted from different conditions for the two procedures
· UE uses MR for paging monitoring but not for serving cell RRM. We do not think this scenario makes much sense because the power saving gain is marginal – MR anyway wakes up every paging cycle for paging monitoring, and it does not take much more power for MR to do serving cell RRM. On the other hand, the sync performance of LP-WUR may not be enough for paging reception.
· UE uses MR for serving cell RRM but not for paging monitoring. We do not think this scenario makes much sense because there would be no power saving gain from using LP-WUR when MR needs to wake up every DRX cycle for RRM. Of course, MR measurement may be relaxed, but then it is much more infrequent compared to LP-WUR based serving cell RRM, and the time and frequency drift in between two MR measurements may make the time and frequency error too large for LP-WUS monitoring.
Proposal 8: RAN4 to confirm that same entry/exit condition for LP-WUS monitoring applies for serving cell RRM measurement offloading (from MR to LP-WUR).
Conclusions
In this paper we provided our views on RRM core requirements for LP-WUR.
Proposal 1: For LP-WUR measurement, define accuracy requirements and reflect it as a margin in the core requirement. The exact accuracy values are FFS for both OOK and OFDM based receiver. 
Proposal 2: RAN4 to discuss time and frequency error when agreeing on the simulation assumption for evaluating LP-WUR measurement performance.
Proposal 3: For LP-WUR measurement, further discuss the assumptions on the measurement interval for defining the requirements, e.g. LP-SS periodicity or DRX/eDRX cycle.
Proposal 4: RAN4 to specify relaxed MR measurement requirements at least for neighbor cells, FFS for serving cell.
Proposal 5: For relaxed MR measurement, define accuracy requirements and reflect it as a margin in the core requirement. FFS whether the existing margins for cell reselection can be re-used.
Proposal 6: For MR measurement with relaxation, the legacy SINR condition and accuracy are re-used, and the relaxation factor should be >= 16.
Proposal 7: RAN4 to define requirements on UE paging monitoring to make sure that UE does not miss paging when entry/exit condition for LP-WUS monitoring is met.
Proposal 8: RAN4 to confirm that same entry/exit condition for LP-WUS monitoring applies for serving cell RRM measurement offloading (from MR to LP-WUR).
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