[bookmark: Title][bookmark: DocumentFor][bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _Toc193024528][bookmark: OLE_LINK94][bookmark: OLE_LINK95]3GPP TSG-RAN WG4 Meeting # 111	             R4-2407487
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Fukuoka, JP, May 20 – 24, 2024

Agenda Item:	10.14.4
Source: 	CATT
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]Title: 	Discussion on RRM core requirements for R19 LP-WUS/WUR
[bookmark: _GoBack]Document for:	Discussion
1. Introduction
[bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK124][bookmark: OLE_LINK125]In RAN #102 meeting, a new WID on Low-power wake-up signal and receiver for NR (LP-WUS/WUR) was approved [1]. In R18 SI, related study deals with the evaluation methodology of LP-WUR/WUS, the low-power receiver architecture for receiving LP-WUS, and the design of LP-WUS and the associated wake-up procedure. According to the objectives of WID, R19 needs to standardize the LP-WUS signal design for IDLE/INACTIVE modes and CONNECTED mode and the corresponding procedure and requirements.
In this contribution, we would like to share some views on RRM core requirements for R19 LP-WUS/WUR.
2. Discussion
In order to further reduce the UE power consumption of terminals, Rel-18 proposed the concept of Low power wake up signal (LP-WUS), introducing a low-power receiver (LP-WUR) to receive LP-WUS, and then triggering MR to wake up from the ultra-low power state for data transmission.
In the last meeting, the WF for RRM requirements for LP-WUS/WUR and the Work plan on RRM for LP-WUR WI have been approved [1][2]. For core requirements, only a few issues have reached consensus, and many other issues are FFS. We will further provide the following proposals for LP-WUR in IDLE/INACTIVE mode.
Measurement offloaded from MR to LP-WUR
According to the WI [3], RAN2 and RAN4 should study UE serving cell RRM measurement offloaded from MR to LP-WUR. Generally, the principle is that that when the measurement quality of the serving cell is good enough, the serving cell measurement performed by MR will be offloaded to LP-WUR after meeting entry conditions.
Firstly, we beileve that it is very important to confirm the understanding of measurement offloaded from MR to LP-WUR firstly, it is also related to the criteria and requirements for MR RRM relaxation. In detail, one state is that UE serving cell RRM measurement via MR is stopped, i.e. no UE serving cell RRM measurement via MR, and LP-WUR performs serving cell measurement, the other state is that UE serving cell RRM measurement via MR is relaxed, i.e. UE serving cell RRM measurement via MR is performed with longer cycle, and LP-WUR performs serving cell measurement.
Observation 1: It is very important to confirm the understanding of UE serving cell RRM measurement offloaded from MR to LP-WUR firstly, it is related to the criteria and requirements for MR RRM relaxation.
Proposal 1: The states of UE serving cell RRM measurement offloaded from MR to LP-WUR need to be determined firstly in RAN4.
Proposal 2: The following states of UE serving cell RRM measurement offloaded from MR to LP-WUR can be considered:
· State 1: UE serving cell RRM measurement via MR is stopped, i.e. no UE serving cell RRM measurement via MR, and LP-WUR performs serving cell measurement.
· State 2: UE serving cell RRM measurement via MR is relaxed, i.e. UE serving cell RRM measurement via MR is performed with longer cycle, and LP-WUR performs serving cell measurement.
In our view, RAN4 should at least discuss whether UE serving cell RRM measurement offloaded from MR to LP-WUR includes both State 1 and State 2 or one of them. We beileve that State 1 is a simpler state from which we can obtain a larger power saving gain, so at least State 1 should be supported. For State 2, we think that defining more states are more complex, and we are not sure about how much power saving gain it can bring. Therefore, State 2 need to be further discussed.
Proposal 3: At least State 1 should be supported for UE serving cell RRM measurement offloaded from MR. 
· FFS for State 2. 
Criteria (entry/exit conditions)
[bookmark: OLE_LINK104][bookmark: OLE_LINK105]The criteria of entry/exit conditions mainly involve LP-WUS monitoring, LP-WUR measurement and MR RRM measurement relaxation. In the last RAN4 meeting, companies have shared their views on LP-WUR measurement and MR RRM measurement relaxation, considering that the criteria of entry/exit conditions for LP-WUS monitoring has already been discussed in RAN1/RAN2, RAN4 can further refer to their conclusions.
Observation 2: The criteria of entry/exit conditions for LP-WUS monitoring has already been discussed in RAN1/RAN2.
Criteria (entry/exit conditions) for LP-WUR measurement 
In RAN1#116bis meeting, RAN1 had the following working assumption on criteria of entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode:
	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
· [bookmark: OLE_LINK106][bookmark: OLE_LINK107]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.


From RAN4’s perspective, we pay more attention to the criteria of entry/exit conditions for LP-WUR measurement. Considering that RAN1/RAN2 is discussing the conditions for LP-WUS monitoring, it is suggested RAN4 to firstly discuss the differences between conditions for LP-WUS monitoring defined in RAN1/RAN2 and conditions for LP-WUR measurement. 
In the last meeting, RAN4 reached the following agreements 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


[bookmark: OLE_LINK120][bookmark: OLE_LINK121]According to the above agreements, LP-WUR serving cell measurement can be based on LP-SS and PSS/SSS at Idle/Inactive state, so we believe that RAN4 should at least consider LP-SS and PSS/SSS when discussing the conditions for LP-WUR measurement.
Considering that the above conditions for LP-WUS monitoring seems not stable enough, so it is suggested RAN4 to wait for RAN1/RAN2. If the criteria are introduced by RAN1/RAN2, RAN4 can further discuss the thresholds on serving cell measurement result.
Proposal 4: RAN4 to firstly discuss the differences between entry/exit conditions for LP-WUS monitoring defined in RAN1/RAN2 and conditions for LP-WUR measurement.
Proposal 5: RAN4 should at least consider LP-SS and PSS/SSS when discussing the entry/exit conditions for LP-WUR measurement.
Proposal 6: RAN4 to wait for RAN1/RAN2, if the entry/exit conditions for LP-WUS monitoring are introduced by RAN1/RAN2, the thresholds on serving cell measurement result can be further discussed in RAN4.
Criteria (entry/exit conditions) for MR RRM measurement relaxation
For the entry/exit conditions for MR RRM measurement relaxation, we believe that it is related to the states of UE serving cell RRM measurement offloaded from MR to LP-WUR. If the above State 2 is supported, MR RRM measurement relaxation will include the relaxation when UE entering LP-WUR measurement. Therefore, RAN4 should firstly determine the meaning of MR RRM measurement relaxation before discussing the entry/exit conditions, that is, which phases and what purposes are included for RRM relaxation in the entire procedure, such as for cell selection/reselection or handover, as well as for serving cell measurement or neighbor cell measurement, etc.
Proposal 7: Before discussing the entry/exit conditions for MR RRM measurement relaxation, RAN4 should firstly discuss the meaning of MR RRM measurement relaxation.
· Which phases and what purposes are included for RRM relaxation in the entire procedure, i.e. for cell selection/reselection or handover, for serving cell measurement or neighbor cell measurement, etc.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK36]MR RRM relaxation for serving cell/neighbour cell
As we know, the mobility RRM measurement specified in TS 38.304 includes both serving cell measurements and neighbour cell measurements, which can be intra- or inter-frequency (including inter-RAT) measurements. In general, the neighbour cell measurements only need to be performed by the UE if the serving cell is not strong enough, i.e., when the intra/inter-frequency cell re-selection criterion is not fulfilled. For the majority of UEs, and in a well deployed network without coverage holes, it is therefore the serving cell measurements that need to be performed the most frequently, and they will also have the biggest impact on UE energy consumption [5]. 
In Rel-16/17 PowSav and RedCap WI, various RRM measurement relaxation schemes in IDLE/INACTIVE mode on neighbouring cell were introduced. For this WI, further relaxation or even no measurement by MR could be considered while serving cell measurements are offloaded to LP-WUR. The relaxation on RRM measurement may have an impact on the performance of mobility performance in IDLE/INACTIVE mode. 
Therefore, the further RRM relaxation of UE MR for both serving and neighbor cell measurements should also be discussed, such as what is the difference between MR RRM measurement relaxation and legacy RRM measurement relaxation (e.g., not-at-cell edge or low mobility in R16/R17), as well as whether the legacy criteria for RRM relaxation can be reused for relaxing serving and neighbor cell measurements for UE MR. In addition, whether RRM measurement of MR is used for neighbor cell measurement when the UE is operating with LP-WUS can be discussed after further input from RAN2.
For the specific method and requirements for MR RRM relaxation, it will be further discussed in RAN4 after determining the criteria (entry/exit conditions) for MR RRM measurement relaxation in RAN2/RAN4.
Proposal 8: The MR RRM relaxation of UE MR for both serving and neighbor cell measurements should be further discussed.
· What is the difference between MR RRM measurement relaxation and legacy RRM measurement relaxation (e.g., not-at-cell edge or low mobility in R16/R17)?
· Whether the legacy criteria for RRM relaxation can be reused for relaxing serving and neighbor cell measurements for UE MR ?
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Proposal 9: Whether RRM measurement of MR is used for neighbor cell measurement when the UE is operating with LP-WUR can be discussed after further input from RAN2.
Proposal 10: After determining the meaning and the criteria (entry/exit conditions) for MR RRM measurement relaxation in RAN2/RAN4, the method and requirements for MR RRM relaxation will be further discussed in RAN4.
Accuracy for LP-WUR requirements
In the last meeting, RAN4 discussed the accuracy for LP-WUR requirements and the related agreement is copied as follows [1]:
	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 whether/how to define the accuracy requirement, considering that the LP-WUR RRM measurement results of serving cell may be used in the entry/exit conditions, we believe that the measurement accuracy is very important to guarantee the network performance, we prefer to use the legacy measurement accuracy for CONNECTED mode in Clause 10.1.2 TS 38.133 as baseline [6]. Regarding how to define the accuracy requirements (reflecting in the core requirements or dedicated section), we think it can be discussed after the simulation by taking the results into account. 
[bookmark: OLE_LINK130][bookmark: OLE_LINK131]Observation 3: The LP-WUR RRM measurement results of serving cell may be used in the entry/exit conditions, so the measurement accuracy is very important to guarantee the network performance.
[bookmark: OLE_LINK128][bookmark: OLE_LINK129]Proposal 11: RAN4 to use the legacy measurement accuracy for CONNECTED mode in Clause 10.1.2 TS 38.133 as baseline.
Proposal 12: Regarding how to define the accuracy requirements (reflecting in the core requirements or dedicated section), it can be discussed after the simulation by taking the results into account.
3. Conclusion
[bookmark: _Toc423020280]In this paper, we provide our views on RRM core requirements for R19 LP-WUS/WUR. From this discussion we have derived the following observations and proposals:
Observation 1: It is very important to confirm the understanding of UE serving cell RRM measurement offloaded from MR to LP-WUR firstly, it is also related to the criteria and requirements for MR RRM relaxation.
Proposal 1: The states of UE serving cell RRM measurement offloaded from MR to LP-WUR need to be determined firstly in RAN4.
Proposal 2: The following states of UE serving cell RRM measurement offloaded from MR to LP-WUR can be considered:
· State 1: UE serving cell RRM measurement via MR is stopped, i.e. no UE serving cell RRM measurement via MR, and LP-WUR performs serving cell measurement.
· State 2: UE serving cell RRM measurement via MR is relaxed, i.e. UE serving cell RRM measurement via MR is performed with longer cycle, and LP-WUR performs serving cell measurement.
Proposal 3: At least State 1 should be supported for UE serving cell RRM measurement offloaded from MR. 
· FFS for State 2. 
Observation 2: The criteria of entry/exit conditions for LP-WUS monitoring has already been discussed in RAN1/RAN2.
Proposal 4: RAN4 to firstly discuss the differences between entry/exit conditions for LP-WUS monitoring defined in RAN1/RAN2 and conditions for LP-WUR measurement.
Proposal 5: RAN4 should at least consider LP-SS and PSS/SSS when discussing the entry/exit conditions for LP-WUR measurement.
Proposal 6: RAN4 to wait for RAN1/RAN2, if the entry/exit conditions for LP-WUS monitoring are introduced by RAN1/RAN2, the thresholds on serving cell measurement result can be further discussed in RAN4.
Proposal 7: Before discussing the entry/exit conditions for MR RRM measurement relaxation, RAN4 should firstly discuss the meaning of MR RRM measurement relaxation.
· Which phases and what purposes are included for RRM relaxation in the entire procedure, i.e. for cell selection/reselection or handover, for serving cell measurement or neighbor cell measurement, etc.
Proposal 8: The MR RRM relaxation of UE MR for both serving and neighbor cell measurements should be further discussed.
· What is the difference between MR RRM measurement relaxation and legacy RRM measurement relaxation (e.g., not-at-cell edge or low mobility in R16/R17)?
· Whether the legacy criteria for RRM relaxation can be reused for relaxing serving and neighbor cell measurements for UE MR?
Proposal 9: Whether RRM measurement of MR is used for neighbor cell measurement when the UE is operating with LP-WUR can be discussed after further input from RAN2.
Proposal 10: After determining the meaning and the criteria (entry/exit conditions) for MR RRM measurement relaxation in RAN2/RAN4, the method and requirements for MR RRM relaxation will be further discussed in RAN4.
Observation 3: The LP-WUR RRM measurement results of serving cell may be used in the entry/exit conditions, so the measurement accuracy is very important to guarantee the network performance.
Proposal 11: RAN4 to use the legacy measurement accuracy for CONNECTED mode in Clause 10.1.2 TS 38.133 as baseline.
Proposal 12: Regarding how to define the accuracy requirements (reflecting in the core requirements or dedicated section), it can be discussed after the simulation by taking the results into account.
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