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1. Introduction
In RAN4 #110bis, the RRM requirement for LP-WUS/WUR was initially discussed, the topic summary is provided in [1] and the way forward is approved in [2]. This contribution presents our preliminary views on Rel-19 RRM requirements for LP-WUS/WUR.

2. Discussion
General aspects
Status in the WF [2] and summary [1]:
	[bookmark: _Hlk164083085]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
FFS on the following topics
Issue 2-1-2: 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)
Issue 2-1-3: 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) 
Issue 2-1-4: Criteria (entry/exit conditions) for MR RRM measurement relaxation  
· Proposals 
· P1: RAN2 is be the main group for criteria (entry/exit conditions) design (Apple vivo Qualcomm) 
· P2: For the Measurement based on both MR with RRM relaxation (X time relaxation) and LP-WUR, both MR measurement result and LP-WUR measurement result can be used to determine the link condition, how to define the relaxation criteria should be further studied (CMCC)
· [bookmark: _Toc163489179]P3: RAN4 to discuss scenarios for MR relaxation upon LP-WUR entry and exit (Nokia)
· P4: Discuss if triggering conditions for intra/inter-frequency and inter-RAT measurement based on LP-WUR are possible or if other conditions should be defined (LG)
[bookmark: _Hlk164083140]Issue 2-1-5: States need be considered
Issue 2-1-6: Impact on specification



For MR RRM relaxation, since it was approved in the WID [3] that RAN4 and RAN2 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, therefore, we support RAN4 specifies MR relaxation requirements at idle/inactive mode for UE supporting LP-WUR. 
Proposal 1: RAN4 specifies MR relaxation requirements at idle/inactive mode for UE supporting LP-WUR.

In RAN4 #110bis meeting, some initial views on the criteria (entry/exit conditions) for LP-WUR measurement were presented. The reference signal and criteria of entry/exit condition for LP-WUR measurement are being discussed in RAN1/2. Meanwhile, the requirements on verifying UE correct implementation of the entry/exit criteria need to be discussed and defined in RAN4.
Proposal 2: RAN4 to define requirements on entry/exit criteria for LP-WUR measurement based on RAN1 and RAN2 design.

Regarding criteria (entry/exit conditions) for MR RRM measurement relaxation, in our views, the reference signal and criteria of entry/exit condition are being discussed in RAN1/2, therefore, RAN4 can work on the RRM measurement relaxation requirements based on RAN1 and RAN2 design.
Proposal 3: RAN4 to define requirements on entry/exit criteria for MR RRM measurement relaxation based on RAN1 and RAN2 design.

LP-WUR requirements at RRC_IDLE/INACTIVE state
Status in the WF [2] and summary [1]:
	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. 
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.

FFS on the following topics
Issue 2-2-2: Noise figure and others impact(RF impairment) on SNR target X
Issue 2-2-4: Measurement metrics
Issue 2-2-5: LP-SS with periodicity
Issue 2-2-6: Time/frequency sync
Issue 2-2-7: Timeline on RRM requirement evaluation work
· Proposals 
· P1: RAN4 start RRM requirement for LP-WUR at idle/inactive state after RAN4 has sufficient information on LP-SS design and LP-SS based measurement metric from other sources. (Apple Samsung xiaomi oppo ZTE)
Issue 2-2-8: Other considerations



Considering the methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode, we support the proposal 4 from the moderator summary [1], i.e.,
· P4: The general methodology of specify the measurement delay requirement and measurement accuracy can be as following steps:
· Step 1: Determine the LP-SS measurement accuracy, target SNR and other side conditions (may need input from RAN1 and RAN4 RF session)
· Step 2: Determine the measurement sampling number and LP-SS periodicity by evaluation, which could satisfy the measurement accuracy from Step 1. (the sampling number may be different for two kinds of LP-WUR receivers)
· Step 3: Specify the measurement delay requirement based on sampling number, LP-SS periodicity and so on. (may need input from RAN1)
The point is that we can first determine the measurement accuracy based on the legacy RAN4 requirement and target SNR/SINR based on RAN1 Rel-19 study as agreed in the last meeting. After that, the required measurement samples can be obtained based on RAN4 simulations, and the measurement delay can be obtained based on sampling number and reference signal periodicity.
Proposal 4: For the methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode:
· First determine the measurement accuracy based on the legacy RAN4 requirement and target SNR/SINR based on RAN1 Rel-19 study.
· Determine required measurement samples based on RAN4 simulations.
· Determine measurement delay based on sampling number and reference signal periodicity.

For measurement accuracy of LP-WUR in Idle/Inactive states, the discussion outcome is captured in the WF [2]. We support to define the dedicated accuracy requirement in the performance section, since the accurate RRM measurements is an important aspect for LP-WUR operation. 
Regarding the exact requirement, the legacy measurement accuracy in TS 38.133 can be taken as baseline. RAN4 can first run simulations for LP-WUR measurement based on both legacy EMR Idle mode accuracy requirement and the Connected mode accuracy requirement, so as to have overall understanding on how the two options work, including the achievable SNR coverage and required measurement samples. Then RAN4 can decide which accuracy requirement can be reused for LP-WUR measurements.
Proposal 5: RAN4 to define the dedicated accuracy requirement in the performance section. 
Proposal 6: RAN4 to decide whether the legacy EMR Idle mode accuracy requirement and Connected mode accuracy requirement can be reused for LP-WUR measurements later based on the simulation results.

For LP-WUR requirements at RRC_IDLE/INACTIVE state, regarding timeline on RRM requirement evaluation work, since LP-SS design and LP-SS based measurement metric are discussed in other working groups, it’s proposed to start RRM requirement for LP-WUR at idle/inactive state after RAN4 has sufficient information on LP-SS design and LP-SS based measurement metric from other sources.
Proposal 7: It’s proposed to start RRM requirement for LP-WUR at idle/inactive state after RAN4 has sufficient information on LP-SS design and LP-SS based measurement metric from other sources.

MR RRM relaxation
Status in the WF [2] and summary [1]:
	Issue 2-3-1: MR RRM relaxation factor for serving cell/neighbour cell
FFS
· 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.”



For MR RRM relaxation, MR RRM relaxation factor for serving cell/neighbor cell is an important issue to be discussed in RAN4. Referring to analysis of RRM for LP-WUR duty-cycled monitoring in TR 38.869, the average of power saving gain provided by LP-WUS is 4% when MR relaxed < 8 times, which is very limited. While the gain is 40% when 8 times<= MR relaxed <=16 times, and the gain is 60% when MR relaxed > 16 times. Therefore, it’s proposed to discuss relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation.
Proposal 8: It’s proposed to discuss relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation.

LP-WUR CONNECTED mode
Status in the WF [2] and summary [1]:
	Issue 2-5-1: LP-WUR at CONNECTED mode
FFS
· Proposals 
· P1: No RRM objectives is for connected mode in this WI. (Apple vivo Xiaomi LG Nokia, ZTE)
· P1-1: No impact on existing RRM requirements at connected mode (Samsung) 
· [bookmark: _Toc163489172]P2: Consider this issue later
· FFS whether need to introduce LP-WUS monitoring activation and deactivation delay requirements pending on RAN2/RAN1 progress (Samsung)
· RAN4 to wait for RAN1 and RAN2 progress before defining any requirements for CONNECTED mode. (Nokia)
· RAN4 should address issues, if any, related to CONNECTED mode at a later stage (Qualcomm)
Recommendations: 
At least at the early stage of this WI, RAN4 does not consider CONNECTED mode. 



[bookmark: _GoBack]For CONNECTED mode, it was described in the objectives of WID [3] that in CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR. Therefore, in our views, there is no RRM objective for connected mode in LP-WUR/LP-WUS WI.
Proposal 9: There is no RRM objective for connected mode in LP-WUR/LP-WUS WI.

3. Conclusion
The contribution presents our views on RRM performance requirements for FR2 SCell activation delay reduction, with the following proposals:
Proposal 1: RAN4 specifies MR relaxation requirements at idle/inactive mode for UE supporting LP-WUR.
Proposal 2: RAN4 to define requirements on entry/exit criteria for LP-WUR measurement based on RAN1 and RAN2 design.
Proposal 3: RAN4 to define requirements on entry/exit criteria for MR RRM measurement relaxation based on RAN1 and RAN2 design.
Proposal 4: For the methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode:
· First determine the measurement accuracy based on the legacy RAN4 requirement and target SNR/SINR based on RAN1 Rel-19 study.
· Determine required measurement samples based on RAN4 simulations.
· Determine measurement delay based on sampling number and reference signal periodicity.
Proposal 5: RAN4 to define the dedicated accuracy requirement in the performance section. 
Proposal 6: RAN4 to decide whether the legacy EMR Idle mode accuracy requirement and Connected mode accuracy requirement can be reused for LP-WUR measurements later based on the simulation results.
Proposal 7: It’s proposed to start RRM requirement for LP-WUR at idle/inactive state after RAN4 has sufficient information on LP-SS design and LP-SS based measurement metric from other sources.
Proposal 8: It’s proposed to discuss relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation.
Proposal 9: There is no RRM objective for connected mode in LP-WUR/LP-WUS WI.

4. References
[1] R4-2404842, Topic summary for [110bis][231] NR_LPWUS, Moderator (vivo), RAN4 #110bis, 15 - 19 April, 2024.
[2] R4-2406367, WF for RRM requirements for LP-WUS/WUR, vivo, RAN4 #110bis, 15 - 19 April, 2024.
[3] RP-240801, Revised WID: Low-power wake-up signal and receiver for NR (LP-WUS/WUR), vivo, NTT DOCOMO, Ericsson, MediaTek, Samsung, Sony, RAN #103, 18-21 March, 2024.
