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1. Introduction
In last RAN4#110bis meeting, the WF for RRM requirements for LP-WUSWUR was agreed in [1], and open issues have been summarized in [2]. In this contribution, we continue the discussion on the open issues in [1].
2. General aspects
	[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



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)


In WID, another important enhancement is: 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. Even though conditions for offloading RRM serving cell measurement from MR to LR and conditions for relaxation of MR serving cell and neighbor cell measurements is mainly decided/designed by RAN2, RAN4 can investigate the mobility performance corresponding to such relaxation, and the mismatch/bias between LP-WUR based measurement result and MR based measurement result. For instance, if LP-SS is used for the measurement to decide when the MR shall be waken up or not, such LP-SS based measurement result at least shall be comparable to the MR based measurement results or some bias offset shall be defined; otherwise, LP-SS triggers MR to wake up for mobility but MR based measurement results may tell that the mobility is not needed after MR wakes up. 
In last RAN2 meeting, there was also some discussion that,
	RRM measurement relaxation and offloading in RRC_IDLE INACTIVE
?? On RRM relaxation of UE MR for serving cell measurements: RAN2 assumes RRM measurement relaxation on serving cell via MR if the configured criteria is fulfilled is possible, final decision is up to RAN4. 
?? FFS in this case whether LR is also used for RRM measurement on serving cell. 



RAN4 shall specify MR relaxation requirements at idle/inactive mode for UE supporting LP-WUR, and there are still some open issues to discuss for the principle of such relaxation.
After offloading from MR to LP-WUR, there might be two cases(also discussed in issue 2-2-5):
· if only LP-WUR is ON but MR is OFF, the measurement results from LP-WUR will decide whether the MR shall be waken up or not, 
· when MR is waken up, will MR starts with relaxed measurement or legacy non-relaxed measurement? Or whether starting with relaxed measurement or not is also up to the LP-WUR based measurement?
· If both LP-WUR is ON and MR is still ON with relaxation measurement, 
· When MR can exit relaxation will be up to the LP-WUR based measurement or for both LP-WUR and MR based measurement? e.g., as long as either LP-WUR or MR measurement cannot meet the criteria, UE may exist the relaxation of MR measurement.
Proposal 1: RAN4 specifies MR relaxation requirements at idle/inactive mode for UE supporting LP-WUR.
Proposal 2: 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.
Proposal 3: If both LP-WUR and MR are ON, RAN4 to discuss whether UE uses LP-WUR measurement to decide MR relaxation or UE uses both LP-WUR and MR measurement to decide MR relaxation.

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) 



Similar analysis as for proposal 2, like in power saving feature, the criteria itself has been defined be RAN2 in TS38.304, and therefore here we also think that RAN2 is the main group for criteria (entry/exit conditions) design. However, for RRM relaxation requirement (e.g., scaling factor), RAN4 can work on the RRM measurement relaxations (e.g., scaling factor) and offloading mechanisms based on the criteria defined by RAN2.
Proposal 4: RAN2 shall be the main group for criteria (entry/exit conditions) design
Proposal 5: RAN4 can work on the RRM measurement relaxations (e.g., Scaling factor) and offloading mechanisms based on the criteria defined by RAN2.
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)


Similar as the discussion in issue 2-1-3, we also think RAN2 shall be the main group for criteria design.
[bookmark: _Hlk164083140]Issue 2-1-5: States need be considered
	· Proposals 
· P1: For the UE serving cell RRM measurement offloaded from MR to LP-WUR, at least the following new states can be identified and should be supported (vivo)
· State 1: MR has RRM relaxation on serving cell and neighbour cell (if there is any) measurement and LP-WUR performs serving cell measurement. 
· State 2: MR stops perform any RRM measurement and LP-WUR performs serving cell measurement. 
· P2: Considering the UE power saving gained by LP-WUS or WUR, RAN4 shall consider different method for different LP-SS cases (ZTE):
· For the LP-SS without the OFDM sequence, the RRM measurement on serving cell via MR shall be relaxed.
· For the LP-SS with the OFDM sequence, the RRM measurement on serving cell may be stopped when UE is in ultra-deep sleep.
Recommendations: 
Suggest RAN4 to consider at least the 2 states in P1



In WID, it was stated that: 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. As we discussed in issue 2-1-2, UE may or may not turn off the MR for serving/neighbor cell measurement, and therefore, we also share the same understanding as proposal 1 in [2] that two states can be considered after offloading from MR to LR(LP-WUR), i.e.,
· State 1: MR is still ON with RRM measurement relaxation on serving cell and neighbour cell (if any) and LP-WUR is ON for serving cell measurement. 
· State 2: MR is OFF or deep-sleep without reception/transmission and LP-WUR is ON for serving cell measurement.
In addition, before entering offloading or after exiting offloading, the state of UE also needs to be clarified: 
Alt 1: MR is ON with RRM measurement on serving cell and neighbour cell (if any) and LP-WUR is ON for serving cell measurement
Alt 2: MR is ON with RRM measurement on serving cell and neighbour cell (if any) and LP-WUR is ON without RRM measurement
Alt 3: MR is ON with RRM measurement on serving cell and neighbour cell (if any) and LP-WUR is OFF without RRM measurement.
We slightly prefer Alt 2/3 understanding, the reason is: this WI is not targeting to enhancement the legacy measurement performance by using bot MR and LR, and therefore it shall not change the legacy UE measurement behavior after exiting the offloading status. Anyway, we are open to further discussion.
Proposal 6: two states can be considered after offloading from MR to LR(LP-WUR), i.e.,
· State 1: MR is still ON with RRM measurement relaxation on serving cell and neighbour cell (if any) and LP-WUR is ON for serving cell measurement. 
· State 2: MR is OFF or deep-sleep without reception/transmission and LP-WUR is ON for serving cell measurement.
Proposal 7: before entering offloading or after exiting offloading, the state of UE also needs to be clarified: 
· Alt 1: MR is ON with RRM measurement on serving cell and neighbour cell (if any) and LP-WUR is ON for serving cell measurement
· Alt 2: MR is ON with RRM measurement on serving cell and neighbour cell (if any) and LP-WUR is ON without RRM measurement
· Alt 3: MR is ON with RRM measurement on serving cell and neighbour cell (if any) and LP-WUR is OFF without RRM measurement.
We slightly prefer alt 2 or 3.

Issue 2-1-6: Impact on specification
	· Proposals 
· [bookmark: _Toc163489180]P1: RAN4 to discussion of which sections of the specification are impacted by the WI.(Samsung Nokia)



We think this issue can be discussed after when the whole mechanism of offloading, LP-SS/LP-WUS design and measurement metrics are concluded.
Proposal 8: this issue 2-1-6 can be discussed after when the whole mechanism of offloading, LP-SS/LP-WUS design and measurement metrics are concluded.
3. LP-WUR requirements at RRC_IDLE/INACTIVE state
	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 2-2-2: Noise figure and others impact(RF impairment) on SNR target X
	· Proposals 
· P1: More discussion is needed to decide if SNR of -3dB(mainly for serving cell) or -6dB(mainly for neighbor cell) can be used to represent the equivalent coverage as PUSCH for msg3. (Apple)
· P2: The SNR target X input from RAN1 should be adjusted by considering the practical NF of a LP-WUR receiver. Assuming the NF gap ∆ is ∆ = NF (LP-WUR) – NF (MR), then the new SNR target X adjusted after considering the NF of LP-WUR is X = X - ∆ (vivo)



In WID, it was agreed that “The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.” However, the legacy RRM requirement is defined based on SSB coverage rather than coverage of PUSCH for msg3. So RAN4 needs more discussion to decide if current SNR of -3dB(mainly for serving cell) or -6dB(mainly for neighbor cell) can be used to represent the equivalent coverage as PUSCH for msg3. As RAN4 agreed in issue 2-2-1, the SINR for RAN4 requirement can be decided based on RAN1 conclusion on coverage and RAN4 RF conclusion on noise figure. RAN4 RRM can wait until we get these inputs from both RAN1 and RAN4 RF. The solution to derive the target Es/Iot can be similar as in P2.
Proposal 9: RAN4 to decide the Es/Iot side condition for LP-WUR based RRM requirement when we have RAN1 conclusion on target SINR for coverage and RAN4 RF conclusion on noise figure.

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.



Regarding the simulation assumption LP-WUR RRM measurement in Idle/inactive states, two cases shall be considered, (1)LR based PSS/SSS synchronization/measurement, (2)LR based LP-SS synchronization/measurement.
For (1)LR based PSS/SSS synchronization/measurement, our understanding is the simulation assumption of legacy SSB based intra-frequency measurement can be reused, and we only need to change the candidate SNR and candidate sample number.
For (2)LR based LP-SS synchronization/measurement, it’s hard to decide the simulation assumption yet before RAN1 concluded on the LP-SS design. In last RAN1#116bis meeting, it was agreed following:
	Agreement
Support to specify multiple binary LP-SS sequences for the ‘ON-OFF’ pattern:
· The LP-SS sequence used in a cell is
· Option 1: a sequence is configured
· Option 2: a sequence is determined by predefined rule
· FFS: Whether both options will be supported or only one will be supported
· FFS: the number of LP-SS sequences
· Note: Multiple sequences are used to differentiate LP-SS from different cells

Agreement
From RAN1 perspective, support X PRBs for LP-WUS and LP-SS with SCS 30kHz (blanked guard RBs are not included) for a channel bandwidth equal or larger than 5MHz
· X to be down-selected between 11 and 12 PRBs 
· FFS the number of PRBs for 15kHz
· FFS if other number of PRBs needed, for LP-SS and LP-WUS with a channel bandwidth equal or less than 5MHz
FFS: Whether the above is applicable to FR2
Working Assumption
Support the following options for LP-SS
· Option 1: OOK-1 
· Option 2: OOK-4 with M=2,4, FFS:1,8,16
· FFS whether value of M depends on SCS
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
FFS how OOK-1 and OOK-4 are specified 


 
There are still may aspects are open in LP-SS design, e.g., BW and sequence design. Thus, we propose to wait more conclusions from RAN1 for LR based LP-SS measurement simulation.
Proposal 10: 
For LR based PSS/SSS synchronization/measurement, the simulation assumption of legacy SSB based intra-frequency measurement can be reused, and only need to revisit the candidate SINRs and candidate sample numbers.
For LR based LP-SS synchronization/measurement, RAN4 to discuss simulation assumption after RAN1 concluded on the LP-SS design.
Regarding the accuracy requirement, if we follow the legacy accuracy requirement principle, the dedicated accuracy requirements in TS38.133 section 10 is mainly for the measurement results which is reported to network, and the only measurement accuracy requirement for IDLE/Inactive mode is the EMR feature related measurement. For LR based RRM measurement, since UE will not report anything back to network in IDLE/Inactive mode, our preference is still not to define a dedicated accuracy requirement in TS38.133 section 10, but instead we can reflect such accuracy performance in the core requirement sections as a margin, like in the following example:
	[image: A screenshot of a test
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Proposal 11: For RAN4 requirement of LR based RRM measurement in Idle/inactive states, no dedicated accuracy requirement is defined in the performance section, and reflect the accuracy performance as a margin in the core requirement.

Issue 2-2-4: Measurement metrics
	· Proposals 
· P1: RAN4 to discuss the metrics for defining entry/exit condition for LP-WUS monitoring. At least RSRP is considered, and other metrics are FFS. (Huawei)



In last RAN1 meeting, the agreement is as following:
	Agreement
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:
· LP-RSRP
· LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
· FFS: How to determine the received power of LP-SS in OOK ON symbols
· LP-RSRQ
· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:
· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
· FFS: LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
Note: RAN1 will send an LS to RAN2 and RAN4 on the measurement metrics that can be supported from RAN1 perspective, to facilitate RAN2/RAN4 discussions. The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.



Since the LP-SS is still under designing/discussing in RAN1, RAN4 may need to wait until the LP-SS design has been concluded. In addition, the measurement metrics is also a fundamental thing we need to figure out before going into the RRM requirement design, however, it was not concluded in RAN1 during this WI stage. Since normally measurement metrics is defined in TS38.215(RAN1 spec), we think RAN1 shall decide the measurement metrics (RSRP/RSRQ/SINR/RSSI) before RAN4 RRM requirement design during this LP-WUR WI. Otherwise, the evaluation results cannot be aligned among companies as companies may have different understanding on how to derive the RSRP/RSRQ/RSSI/SINR.
In our view, one thing RAN4 can discuss is the Rx number for LP-SS measurement metrics. In legacy SSB-based RSRP measurement, it specified that, 
For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.
Our understanding is that the LP-WUR is a quite low power-consumption and low-cost component on the UE, and it shall be assumed as single Rx as a more typical case for requirement design. Thus, to help completing the measurement metrics, RAN4 can discuss whether 1Rx is assumed for LR based RRM first.
Proposal 12: Single Rx is assumed for LR based RRM measurement.

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)


In previous meeting, RAN1 also discussed the LP-WUS in eDRX, but no conclusion has been made. In our view, besides LP-WUS, we also need to investigate the UE RRM measurement for LP-SS in eDRX, e.g., whether LP-SS measurement shall follow the eDRX/DRX cycle or not. If the LP-SS based measurement is not following eDRX cycle or DRX cycle in IDLE/Inactive mode, i.e., LP-SS based measurement will follow the LP-SS periodicity, the RRM requirement shall only be defined based on the LP-SS periodicity. In our view, DRX is only applied for MR but not for LP-WUR, and therefore, LP-SS measurement in IDLE/Inactive mode shall only follow LP-SS periodicity.
Proposal 13: LP-SS measurement in IDLE/Inactive mode shall only follow LP-SS periodicity.

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) 



In last RAN1 meeting, it was discussed that,
	Agreement
For timing error evaluation purpose, the following two options for residual frequency error are considered:
· Option 1: The maximum frequency error (Fe) of RTC/oscillator is assumed, companies report Fe value and the applied LP-WUR type.
· Option 2: The residual frequency error (Fr) after frequency error correction/clock calibration by LR or after assistance from MR is assumed, companies report Fr value, how to achieve it and the applied LP-WUR type.

Agreement
For frequency error evaluation purpose, the following two options for residual frequency error are considered:
· Option 1: The maximum frequency error (Fe) of oscillator is assumed, companies report Fe value and the applied LP-WUR type.
· Option 2: The residual frequency error (Fr) after frequency error correction by LR or after assistance from MR is assumed, companies report Fr value, how to achieve it and the applied LP-WUR type.



Obviously, RAN1 was working on such timing error and frequency error evaluation, and RAN4 doesn’t need to work on the same aspect. We propose to use the conclusions from RAN1 for future RRM work if needed.
Proposal 14: RAN4 to wait conclusions from RAN1 on timing error and frequency error.

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)



Similar as discussed in issue 2-2-4, since the LP-SS is still under designing/discussing in RAN1, RAN4 may need to wait until the LP-SS design has been concluded. In addition, the measurement metrics is also a fundamental thing we need to figure out before going into the RRM requirement design, however, it was not concluded in RAN1 during this WI stage. So we still prefer P1 as in last RAN4 meeting.
Proposal 15: RAN4 started 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 RAN1.

4. MR RRM relaxation
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.”



In the WID, the MR relaxation scope is as following:
	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


In the power saving feature, the RRM relaxation for IDLE and connected mode is only for neighbor cell measurement, and no relaxation is allowed for serving cell measurement. The neighbor cell measurement relaxation is decided by serving cell measurement results. RAN4 needs to carefully check if both neighbor cell measurement and serving cell measurement shall share the same relaxation criteria or relaxation requirement (e.g., scaling factor). In our view, if the neighbor cell measurement relaxation is based on the serving cell measurement, it implies that neighbor cell measurement shall always have the more relax measurement than serving cell measurement. The rationale is also obvious: only if UE can get reliable serving cell measurement results, then it can use such results to decide whether neighbor cell measurement can be relaxed or not. 
Proposal 16: regarding RRM relaxation of UE MR for both serving and neighbor cell measurements, RAN4 to discuss:
· whether serving and neighbor cell measurements can share the same criteria for triggering relaxation or not and,
· whether serving and neighbor cell measurements can share the same relaxation requirement (e.g., scaling factor) or not.

5. Procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS
Issue 2-4-1: Entry/exit condition for LP-WUS monitoring
	· Proposals 
· P1: For the entry/exit conditions for LP-WUS monitoring, it is mainly RAN2/1 task and RAN4’s involvement can be triggered by LS from other groups if necessary. (vivo)
· P2: FFS for LP-WUS monitoring entry/exit condition based on progress of UE RF session (Samsung)
· P3: RAN4 needs to discuss the entry/exit conditions for LP-WUS monitoring based on the RRM measurements, A threshold for the downlink radio link quality of the serving cell can be used to determine the entry/exit conditions for LP-WUS monitoring. (MTK)
Recommendations: 
RAN4’s involvement on entry/exit conditions for LP-WUS monitoring can be triggered by other groups if necessary



In last RAN2 #125bis meeting, it was agreed that,
	· The LP-WUS related configuration for IDLE/INACTIVE state is provided via system information. FFS if dedicated configuration is needed.
· Working assumption: the LP-WUS configuration in SIB at least includes the following information:
- LP-SS configuration
- LP-WUS configuration
- FFS on Entry/exit condition for LP-WUS monitoring 
· The PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. FFS the maximum number of subgroups.



RAN2 is currently working on it, and we think RAN4 work can be triggered by LS from other working groups if needed.
Proposal 17: RAN4’s involvement on entry/exit conditions for LP-WUS monitoring can be triggered by other groups if necessary.
6. LP-WUR CONNECTED mode
Issue 2-5-1: LP-WUR at CONNECTED mode
	· 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. 



In the WID, the scope for connected mode is to discuss the procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring, however, like in R16 WUS design, it would not have any RRM impact by using LP-WUS in connected mode. Furthermore, WID mentioned that,
In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
All the RRM/RLM/BFD/CSI measurement would be as same as legacy case, i.e., use MR to perform these functionalities. Thus, no RRM scope shall be needed for connected mode in this WI.
Proposal 18: no RRM objectives is needed for connected mode in this LP-WUR/LP-WUS WI.
7. Others
Issue 2-6-1: eDRX related 
	· Proposals 
· P1: How to perform MR offloading(based on LP-SS based measurement) if eDRX is configured with PTW. (Apple)
· P2: eDRX can be discussed after further input from RAN1 (Samsung)



As discussed in issue 2-2-5, if the LP-SS based measurement is not following eDRX cycle or DRX cycle in IDLE/Inactive mode, i.e., LP-SS based measurement will follow the LP-SS periodicity, then when UE decides to turn on MR inside a PTW window (if PTW is used), UE needs to check whether rest of the PTW window is sufficient for MR based RRM measurement or evaluation time (MR based RRM measurement/evaluation shall be contained in one PTW window). Even though it’s a bit early to discuss such details, we think it’s still worthwhile to discuss how to perform offloading based on LP-SS based measurement when eDRX is configured. 
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Figure 1. example for MR offloading(based on LP-SS based measurement) when eDRX is configured with PTW
Proposal 19: RAN4 to discuss followings LP-SS based RRM issue in IDLE/Inactive mode:
· how to enter and exit offloading status if eDRX is configured with PTW.
8. Conclusion
In this contribution, we continue the discussion on the open issues in [1].
Proposal 1: RAN4 specifies MR relaxation requirements at idle/inactive mode for UE supporting LP-WUR.
Proposal 2: 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.
Proposal 3: If both LP-WUR and MR are ON, RAN4 to discuss whether UE uses LP-WUR measurement to decide MR relaxation or UE uses both LP-WUR and MR measurement to decide MR relaxation.
Proposal 4: RAN2 shall be the main group for criteria (entry/exit conditions) design
Proposal 5: RAN4 can work on the RRM measurement relaxations (e.g., Scaling factor) and offloading mechanisms based on the criteria defined by RAN2.
Proposal 6: two states can be considered after offloading from MR to LR(LP-WUR), i.e.,
· State 1: MR is still ON with RRM measurement relaxation on serving cell and neighbour cell (if any) and LP-WUR is ON for serving cell measurement. 
· State 2: MR is OFF or deep-sleep without reception/transmission and LP-WUR is ON for serving cell measurement.
Proposal 7: before entering offloading or after exiting offloading, the state of UE also needs to be clarified: 
· Alt 1: MR is ON with RRM measurement on serving cell and neighbour cell (if any) and LP-WUR is ON for serving cell measurement
· Alt 2: MR is ON with RRM measurement on serving cell and neighbour cell (if any) and LP-WUR is ON without RRM measurement
· Alt 3: MR is ON with RRM measurement on serving cell and neighbour cell (if any) and LP-WUR is OFF without RRM measurement.
We slightly prefer alt 2 or 3.
Proposal 8: this issue 2-1-6 can be discussed after when the whole mechanism of offloading, LP-SS/LP-WUS design and measurement metrics are concluded.
Proposal 9: RAN4 to decide the Es/Iot side condition for LP-WUR based RRM requirement when we have RAN1 conclusion on target SINR for coverage and RAN4 RF conclusion on noise figure.
Proposal 10: 
For LR based PSS/SSS synchronization/measurement, the simulation assumption of legacy SSB based intra-frequency measurement can be reused, and only need to revisit the candidate SINRs and candidate sample numbers.
For LR based LP-SS synchronization/measurement, RAN4 to discuss simulation assumption after RAN1 concluded on the LP-SS design.
Proposal 11: For RAN4 requirement of LR based RRM measurement in Idle/inactive states, no dedicated accuracy requirement is defined in the performance section, and reflect the accuracy performance as a margin in the core requirement.
Proposal 12: Single Rx is assumed for LR based RRM measurement.
Proposal 13: LP-SS measurement in IDLE/Inactive mode shall only follow LP-SS periodicity.
Proposal 14: RAN4 to wait conclusions from RAN1 on timing error and frequency error.
Proposal 15: RAN4 started 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 RAN1.
Proposal 16: regarding RRM relaxation of UE MR for both serving and neighbor cell measurements, RAN4 to discuss:
· whether serving and neighbor cell measurements can share the same criteria for triggering relaxation or not and,
· whether serving and neighbor cell measurements can share the same relaxation requirement (e.g., scaling factor) or not.
Proposal 17: RAN4’s involvement on entry/exit conditions for LP-WUS monitoring can be triggered by other groups if necessary.
Proposal 18: no RRM objectives is needed for connected mode in this LP-WUR/LP-WUS WI.
Proposal 19: RAN4 to discuss followings LP-SS based RRM issue in IDLE/Inactive mode:
· how to enter and exit offloading status if eDRX is configured with PTW.
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