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1. Introduction
In last meeting, RAN4 discussed the scope of general methodology of defining LP-WUR requirements. The WF has been approved in [1]. In this contribution, we further discuss the RRM impact of LP-WUR based on the progress of RAN1 and RAN2, and provide our proposals.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk70326378]Discussion
2.1.  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
From the perspective of receiver structure, OOK-based LP-WUR and OFDM-based LP-WUR are both considered. OOK-based LP-WUR is able to receive the LP-SS, while OFDM-based LP-WUR is able to receive the LP-SS with overlaid OFDM sequence and PSS/SSS.
From the perspective of LP-SS design, based on the progress of RAN1 [2][3], the overlaid OFDM sequence(s) for OOK waveform generation will be specified for OFDM-based LP-WUR. However, whether it could target for sync and RRM measurement is not clear for now.
	Agreement from RAN1#116: 
The ‘ON-OFF’ pattern for OOK symbols of LP-SS is based on binary sequence(s)
· FFS binary sequence(s) details, including the sequence type, the number of sequences, and the sequence length.
· FFS overlaid OFDM sequences, if supported.
For the overlaid OFDM sequence(s) for LP-SS, consider the following options for further down-selection:
· Option 1: Do not specify the overlaid OFDM sequences(s) 
· Option 2: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation without targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· Option 3: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation and also targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· For Option 3, it is up to RAN4 to make decision on whether/how to define the RRM measurement requirement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
Agreement from RAN1#116bis: 
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


Based on aforementioned information, in Idle/Inactive state, the serving cell measurement requirement for OOK-based LP-WUR based on LP-SS and serving cell measurement requirement for OFDM-based LP-WUR based on existing PSS/SSS can be studied in the first phase. As for serving cell measurement requirement for OFDM-based LP-WUR based on LP-SS, RAN4 could suspend the discussion until RAN1 achieve consensus about it.
Proposal 1: Study the following measurement requirements in the first phase.
· Measurement requirements for OOK-based LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state
· Measurement requirements for OFDM-based LP-WUR serving cell measurement based on existing PSS/SSS at Idle/Inactive state
Proposal 2: Suspend the discussion of OFDM-based LP-WUR serving cell measurement requirement based on LP-SS at Idle/Inactive state, until RAN1 achieve the consensus about whether it can be target for sync and RRM measurement.

FFS on the following topics
Issue 2-1-3: Criteria (entry/exit conditions) for LP-WUR measurement 
Issue 2-1-4: Criteria (entry/exit conditions) for MR RRM measurement relaxation  
[bookmark: _Hlk164083140]Issue 2-1-5: States need be considered
Based on our understanding about relaxation/offloading criteria, the general principle is UE offload the measurement from MR to LP-WUR when link condition is quite good and stable, and UE fallback the measurement from LP-WUR to MR when link condition is bad or unstable. In our perspective, there may exist three measurement states:
State 1: Measurement only based on MR (legacy)
State 2: Measurement based on both MR with RRM relaxation and LP-WUR
State 2-1: MR measure both serving and neighbour with relaxation and LP-WUR
State 2-2: MR measure only neighbour with relaxation and LP-WUR
State 3: Measurement only based on LP-WUR
Proposal 3: Following three states can be further considered when defining the requirement and criteria (entry/exit conditions):
· State 1: Measurement only based on MR (legacy)
· State 2: Measurement based on both MR with RRM relaxation and LP-WUR
· State 2-1: MR measure both serving and neighbour with relaxation
· State 2-2: MR measure only neighbour with relaxation
· State 3: Measurement only based on LP-WUR
The criteria for UE switching among three states should be studied. Recall to the discussion for R16 and R17 measurement relaxation, both serving cell quality and the UE mobility were considered as the conditions for state transformation. Considering of State 2 have further relaxation compared with legacy relaxation, since both serving and neighbour measurement will be relaxed, and State 3 even have no neighbour cell measurement, we think it is important to first consider the serving cell quality and UE mobility as the baseline condition.
Proposal 4: Both serving cell quality and UE mobility should be considered for the criteria(entry/exit conditions) for MR RRM measurement relaxation&LP-WUR measurement (State2) and only LP-WUR measurement (State 3).
Besides, if network configure the high priority inter-frequency carrier measurement, state 3 is not usable, since the neighbour can not be measured. Therefore, whether network configure the high priority frequency carrier measurement or not should also be considered when defining the criteria (entry/exit conditions)
Proposal 5: Whether network configure the high priority frequency carrier measurement or not should also be considered when defining the criteria (entry/exit conditions).
Regarding the specific threshold in entry/exit criteria, we think the SnonIntraSearchP&SnonIntraSearchQ and  SIntraSearchP&SIntraSearchQ can be taken as reference. At present, UE is not required to measure the inter-frequency neighbour cells of equal or lower priority and inter-RAT frequency cells of lower priority when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, furthermore, UE is not required to measure the intra-frequency neighbour cells when Srxlev > SIntraSearchP and Squal > SIntraSearchQ. 
Following the existing logic, when UE enter the State 3, due to neighbour cell measurement is totally dropped. The serving cell quality should at least be Srxlev > SIntraSearchP and Squal > SIntraSearchQ.
Proposal 6: When UE enters the State 3, The serving cell quality should at least be Srxlev > SIntraSearchP and Squal > SIntraSearchQ.

2.2.  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
In last meeting, RAN1 and RAN4 achieved following conclusion:
	Conclusion in RAN1#116b: 
For calibration purposes, companies are encouraged to report the SNR to achieve the coverage of PUSCH for message3, at least with the following assumptions: 
· Carrier frequency: 2.6 GHz
· The number of Tx chains: 1
· MIL of MSG 3: use the average one in R17 coverage, i.e.,153.51 dB for non-redcap UE
· Transmit antenna gain correction factors for WUS: up to company report
· Noise Figure: All three values +2dB, +5dB, +8dB on top of NF of MR (7dB) are to be reported, SNR for different assumptions on NF are determined separately
Conclusion in RAN4#110b: 
Issue 2-2-4: How to decide NF value (not requirement) for REFSENS
Way forward: 
· Encourage companies input on NF analysis for different LP-WUR types


Currently, RAN1 and RAN4 RF are still studying about SNR and NF, we can wait for more progress.
Proposal 7: For target SNR and NF value, wait for more progress of RAN1 and RAN4 UE RF.

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.
First of all, we think an accuracy assumption is needed for simulation in the initial stage. Considering the measurement results of LP-SS may be used to derive the final measurement result of serving cell, and the measurement results of LP-SS may be used to decide the MR relaxation or relaxation fallback, we think the measurement accuracy of LP-SS is rather important to guarantee the network performance. We prefer to take the legacy measurement accuracy (TS 38.133 Clause 10.1.2.1.1) for Connected Mode as baseline.
Proposal 8: Take the legacy measurement accuracy for Connected Mode (TS 38.133 Clause 10.1.2.1.1) as baseline for LP-SS measurement simulation assumption.
Regarding whether and how to define the dedicated accuracy requirement in the spec, we think it is not hurry to discuss this issue now, options can be kept.
Proposal 9: Postpone the discussion of whether and how to define the dedicated accuracy requirement in the spec. Options can be kept.

FFS on the following topics
Issue 2-2-4: Measurement metrics
In last meeting, RAN1 achieved following agreement and conclusion:
	Agreement in RAN1#116bis
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.
Conclusion in RAN1#116bis
LP-SINR is not considered further as a metric for RRM serving cell measurement for OOK-based receiver.


Based on RAN1’s current progress, LP-SINR will not be considered as a metric, only LP-RSRP and LP-RSRQ are supported. RAN4 could follow this conclusion.
Proposal 10: Consider LP-RSRP and LP-RSRQ as the metric for RRM serving cell measurement performed by OOK-based receiver based on LP-SS.
For the definition of LP-RSSI, since it is the linear average of total received power, we think using all LP-SS OOK symbols could improve the accuracy.
Proposal 11: For the definition of LP-RSSI, suggest to use the linear average of total received power in all LP-SS OOK symbols.

Issue 2-2-5: LP-SS with periodicity
In last meeting, no further progress of LP-SS periodicity in RAN1. In order to initiate the simulation work in RAN4, we think 320ms can be used as the starting point, and further update the simulation assumption based on RAN1’s further output if needed.
Proposal 12: For the simulation assumption of LP-SS periodicity, use 320ms as the starting point, and further update is not precluded based on RAN1’s output.

Issue 2-2-6: Time/frequency sync
This issue is under the discussion of RAN1. No consensus has been achieved for now. We think we can wait for more progress.
Below is the progress:
	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.



2.3.  MR RRM relaxation
Issue 2-3-1: MR RRM relaxation factor for serving cell/neighbour cell
FFS
Based on the output observation from TR38.869 clause 8.1.1.5.2, if X<8, then very limited power saving gain will be achieved (average: 4%, range: -18%~50%). Therefore, for State 2, the MR should at least be relaxed 8 times, X>=8. 
Proposal 13: For the measurement based on both MR with RRM relaxation (X time relaxation) and LP-WUR, X should be larger than or equal to 8.

2.4. Procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS
Issue 2-4-1: Entry/exit condition for LP-WUS monitoring
FFS
RAN1 had some discussion in previous meeting, we copy the agreement here for information:
	Agreement from RAN1#116bis:
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
· 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
· 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.



Currently, the entry/exit condition for LP-WUS monitoring and the entry/exit condition for LP-WUR measurement are discussed separately. However, from the perspective of UE power saving gain, it is meaningless that UE entry the LP-WUS monitoring while performing the measurement by MR, and vise versa. Two conditions should be considered jointly.
Proposal 14: In order to guarantee the power saving gain, the entry/exit condition for LP-WUS monitoring and the entry/exit condition for LP-WUR measurement should be considered jointly.
3. Conclusion
Based on the discussion above, the following proposals are concluded. 
Proposal 1: Study the following measurement requirements in the first phase.
· Measurement requirements for OOK-based LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state
· Measurement requirements for OFDM-based LP-WUR serving cell measurement based on existing PSS/SSS at Idle/Inactive state
Proposal 2: Suspend the discussion of OFDM-based LP-WUR serving cell measurement requirement based on LP-SS at Idle/Inactive state, until RAN1 achieve the consensus about whether it can be target for sync and RRM measurement.
Proposal 3: Following three states can be further considered when defining the requirement and criteria (entry/exit conditions):
· State 1: Measurement only based on MR (legacy)
· State 2: Measurement based on both MR with RRM relaxation and LP-WUR
· State 2-1: MR measure both serving and neighbour with relaxation
· State 2-2: MR measure only neighbour with relaxation
· State 3: Measurement only based on LP-WUR
Proposal 4: Both serving cell quality and UE mobility should be considered for the criteria(entry/exit conditions) for MR RRM measurement relaxation&LP-WUR measurement (State2) and only LP-WUR measurement (State 3).
Proposal 5: Whether network configure the high priority frequency carrier measurement or not should also be considered when defining the criteria (entry/exit conditions).
Proposal 6: When UE enters the State 3, The serving cell quality should at least be Srxlev > SIntraSearchP and Squal > SIntraSearchQ.
Proposal 7: For target SNR and NF value, wait for more progress of RAN1 and RAN4 UE RF.
Proposal 8: Take the legacy measurement accuracy for Connected Mode (TS 38.133 Clause 10.1.2.1.1) as baseline for LP-SS measurement simulation assumption.
Proposal 9: Postpone the discussion of whether and how to define the dedicated accuracy requirement in the spec. Options can be kept.
Proposal 10: Consider LP-RSRP and LP-RSRQ as the metric for RRM serving cell measurement performed by OOK-based receiver based on LP-SS.
Proposal 11: For the definition of LP-RSSI, suggest to use the linear average of total received power in all LP-SS OOK symbols.
Proposal 12: For the simulation assumption of LP-SS periodicity, use 320ms as the starting point, and further update is not precluded based on RAN1’s output.
Proposal 13: For the measurement based on both MR with RRM relaxation (X time relaxation) and LP-WUR, X should be larger than or equal to 8.
Proposal 14: In order to guarantee the power saving gain, the entry/exit condition for LP-WUS monitoring and the entry/exit condition for LP-WUR measurement should be considered jointly.
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