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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary. 

This document provides the summary of topic [110bis][231] NR_LPWUS.
Based on the latest approved WI in [RP-240135], the objectives of the WI are duplicated as below:
[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· 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 (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· Specifying UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments
· Study and specify, if necessary, any BS requirements, e.g., increase upper limit for LP-WUS/LP-SS beyond current dynamic range 
· Specify necessary RRM requirements

Recommendation topic to be discussed online in order of priority identified by the moderator.
Issue 1-1-1: Work plan
Issue 2-2-1: Core requirements to be specified for LP-WUR measurement
Issue 2-2-1: Methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode
Issue 2-2-3: Accuracy
Issue 2-3-1: MR RRM relaxation factor for serving cell/neighbour cell
Issue 2-2-5: States need be considered

Topic #1: Work plan
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404498
	vivo
	Work plan

	
	
	



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
 Sub-topic 1-1 Work plan
Issue 1-1-1: Work plan
· Work plan is provided in R4-2404498
· P1: Recommendations: Suggest to consider compromise between simply “Yes” and “No”
Recommendations: Suggest to agree the work plan


Topic #2: RRM core requirements for LP-WUS/WUR
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404367
	Apple
	Proposal 1: no RRM scope is needed for connected mode in this LP-WUR/LP-WUS WI.
Proposal 2: For LP-SS based RRM in idle/inactive mode, RAN4 shall start RRM requirement design after RAN1 has conclusions on LP-SS design and LP-SS based measurement metric. 
Proposal 3: In this R19 LP-WUR/LP-WUS WI, RAN4 to decide which alternative to use for RRM requirement design for LP-WUR
· Alternative 1: Firstly fix the target accuracy performance to be equivalent to the existing RSRP/RSRQ measurement accuracy (e.g., +/- 6dB as companies proposed in last meeting), and then decide the target SNR and sample number for LP-WUR based RRM requirement.
· Alternative 2: Firstly fix the target SNR side condition to be equivalent to the existing SNR side condition in current RSRP/RSRQ measurement requirement (e.g., -6dB or -4dB), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
· Alternative 3: Firstly fix the target coverage performance of LP-WUR to be equivalent to the existing MR (i.e., new target SNR = (existing target SNR) – (extra noise figure)), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
Proposal 4 (if adopt above alt 3): 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.
Proposal 5: 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 6: RAN4 to discuss followings in IDLE/Inactive mode for MR offloading:
· whether LP-SS measurement in IDLE/Inactive mode shall follow LP-SS periodicity only or follow DRX/eDRX cycle. 
· how to perform MR offloading(based on LP-SS based measurement) if eDRX is configured with PTW.

	R4-2404421
	CATT
	Proposal 1: RAN4 to study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support.
Observation: The relaxation on RRM measurement may impact the performance of mobility performance in RRC_IDLE or RRC_INACTIVE.
Proposal 2: The further RRM relaxation of UE MR for both serving and neighbor cell measurements should also be discussed.
Proposal 3: 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.

	R4-2404499
	vivo
	Observation 1: For the UE serving cell RRM measurement offloaded from MR to LP-WUR, besides the legacy state, at least the following new states can be identified and should be supported
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. 
For RRM measurement purpose, UE can satisfy RSRP measurement accuracy based on 2 LP-SS samples and satisfy RSRQ measurement accuracy based on 3 LP-SS samples at SNR = -3dB under TDL-C channel based on 320ms periodicity of LP-SS.  
Observation 2: Measurement quality of LP-WUR, explicitly indicated in RAN2’s agreement, is crucial in order to guarantee the offloading/fallback (entry/exist) behavior, as well as the serving cell measurement carried out by LP-WUR. 
Observation 3: Since the target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3, traditional RAN4’s methodology to obtain SNR target x based on downlink is not suitable to derive SNR target for LP-WUR for serving cell measurement. 
Observation 4: No RAN4’s involvement is required for CONNECTED mode.
Observation 5: For RRM measurement purpose, UE can satisfy RSRP measurement accuracy based on 2 LP-SS samples and satisfy RSRQ measurement accuracy based on 3 LP-SS samples at SNR = -3dB under TDL-C channel based on 320ms periodicity of LP-SS.  

Proposal 1: RAN2 could be the main group on designing the “necessary conditions” in the objective “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”, where the conditions is used to control how UE moves between legacy state and new states in observation 1. 
Proposal 2: MR RRM relaxation and serving cell RRM measurement offloaded to LP-WUR could be triggered simultaneously.  
Proposal 3: RAN4 specifies delay requirements for the following: 
· Delay requirements for LP-WUR (OOK capable) measurement based on LP-SS
· Delay requirements for LP-WUR (OFDM capable) measurement based on existing SSB 
Accuracy needs be considered when defining delay requirements by RAN4. 
Proposal 4: The outcome of RAN1’s study on SNR target could be used as the base for RAN4 LP-WUR requirement study to avoid redundant work between different groups and make better progress.
Proposal 5: The accuracy requirement defined in section 10.1.2B of TS38.133 introduced for Rel-16 EMR can be used as the base when defining requirements for LP-WUR serving cell measurement. 
Proposal 6: Further relaxation on the accuracy target based on reference accuracy maybe needed. The amount of relaxation could be based on RAN4’s simulation outcome.
Proposal 7: 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 - ∆
Proposal 8: RAN4 uses 320ms as the LP-SS periodicity for requirement study.  
Proposal 9: Consider relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation. 
Proposal 10: RAN4 should consider relaxation on higher priority frequency layer search requirements based on “conditions” defined by RAN2.
Proposal 11: 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.


	R4-2404536
	Samsung
	Observation 1: FFS whether new requirements needed or not for LP-WUS monitoring during idle and inactive mode.
Proposal 1: RAN4 needs to further evaluate serving cell measurement relaxation by MR when LP-WUR is enabled 
Proposal 2: Neighbor cell evaluation can be discussed after further input from RAN2
Proposal 3: Introduce new requirements for serving cell measurement by OOK-based LP-WUR in RRC_IDLE/INACTIVE state with LP-SS based, and new requirements for serving cell measurement by OFDM-based LP-WUR in RRC_IDLE/INACTIVE state with PSS/SSS
Proposal 4: Pending on RAN1 progress on LP-WUS and LP-SS design, RAN4 shall wait sufficient input from RAN1 to start the evaluation work.   
Proposal 5: Paging reception requirement impact can be discussed after further input from RAN2 and RAN1.
Proposal 6: eDRX can be discussed after further input from RAN1
Proposal 7: FFS for LP-WUS monitoring entry/exit condition based on progress of UE RF session
Observation 2: No impact is observed   for RRC_CONNECTED state mobility, timing, signaling characteristic, and measurement procedure requirements.
Observation 3: FFS whether need to introduce LP-WUS monitoring activation and deactivation delay requirements pending on RAN2/RAN1 progress.  

	R4-2404565
	Xiaomi
	Proposal 1: The mobility measurement requirements based on LP-SS by LP-WUR for UE in RRC_IDLE/INACTIVE mode are supposed to be defined in RAN4 RRM, including requirements for LP-WUR synchronization and LP-SS based serving cell RRM measurements, etc.
Observation 1: Due to different LP-WUR type, there might be performance variation between LP-SS with and without overlaid OFDM sequences.
Observation 2: There exists the possibility that a LP-WUR can receive the existing PSS/SSS.
Proposal 2: RAN4 to study the impact on RRM requirements due to different LP-WUR types and different reference signal, i.e., newly designed LP-SS (with/without overlaid OFDM sequences) and existing PSS/SSS.
Proposal 3: It is suggested for RAN4 RRM to start the work from the measurement accuracy requirements for LP-SS. 
Proposal 4: RAN4 to study the requirements impact on UE main receiver of the case MR wakes up from sleep state.
Proposal 5: The detailed relaxation and offloading mechanisms for UE MR can be considered after RAN1 reaching agreements on LP-SS design. 
Proposal 6: No RAN4 impact of LP-WUS/WUR features in RRC_CONNECTED mode is expected.


	R4-2404691
	CMCC
	Proposal 1: 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)
Proposal 2: Take the legacy measurement accuracy for Connected Mode (TS 38.133 Clause 10.1.2.1.1) as baseline for LP-SS measurement.
Proposal 3: 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 4: 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.

	R4-2404732
	LG Electronics Inc.
	Proposal 1: Focus on RRM core requirements only for IDLE/INACTIVE mode in Rel-19
Proposal 2: Consider both types of LP-WUR that can recive LP-SS and existing PSS/SSS when defining RRM core requirements if needed after LP-SS design is finalized in RAN1.
Proposal 3: Study other conditions for the entry/exit condition for LP-WUS monitoring other than the measurement based condition from the RAN4 pespective. 
Proposal 4: 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 


	R4-2404927
	OPPO
	Observation 1: RSRP/RSRQ accuracy requirements defined in RRC CONNECTED could be considered as the baseline to evaluate the LP-SS performance. 
Observation 2: 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. 
Observation 3: The measurement delay requirements based on LP-SS can be postponed after LP-SS design in RAN1 and LP-WUR architecture in RF session are completed.


	R4-2404980
	Ericsson
	Proposal 1: RAN4 to discuss the conditions to enter/exit the LP-WUS evaluation of serving cell based on the RSRP/RSRQ simulation results.
Proposal 2: 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.
Proposal 3: RAN4 to discuss whether/when/how to relax the UE MR requirement.
Proposal 4: RAN4 to discuss whether/when/how to cease/relax/initiate neighbour cells’ measurement.
Proposal 5: RAN4 to agree the measurement definition for the following metrics: LP-RSRP, LP-RSRQ, and LP-RSSI.
Proposal 6: RAN4 to discuss the following simulation assumption to evaluate the LP-SS related measurement metrics.
· Whether interference cell is needed
· Which interference signals need to be modeled, SSB, LP-SS or both
· LP-SS periodicity
Proposal 7: RAN4 to discuss the accuracy requirement based on the new LP-WUS measurement metric.
Proposal 8: CONNECTED mode requirements for LP-WUS is postoponed until more progress is achieved in other WGs.

	R4-2405540
	Nokia
	Proposal 1: RAN4 to define requirements for the following LP-WUR scenarios
· IDLE and INACTIVE mode
i. SSB-based LP-WUR 
1. IDLE and INACTIVE mode measurement requirements 
2. MR relaxation requirements for UE supporting LP-WUR LP-SS measurements. 
3. Requirements for entry and exit conditions
ii. LP-SS based LP-WUR
1. IDLE and INACTIVE mode measurement requirements
2. MR relaxation requirements for UE supporting LP-WUR that can receive LP-SS
3. Requirements for entry and exit conditions
Proposal 2: RAN4 to discuss detailed scenarios for RRM relaxation of UE MR for IDLE and INACTIVE mode
Proposal 3: RAN4 shall define LR accuracy requirements, as necessary.
Observation 1: No change is assumed for existing MR based measurements (RRM/RLM/BFD/CSI) due to LP-WUS monitoring in CONNECTED mode.
Observation 2: From the WID, there is no RAN4 objective for the CONNECTED mode.
Proposal 4: RAN4 to wait for RAN1 and RAN2 progress before defining any requirements for CONNECTED mode.
Proposal 5: RAN4 to study the need for RRM requirements for different architecture types and define requirements separately for supported architecture types, as needed.
Proposal 6: FFS on how to capture different architecture requirements in the 38.133 specification.
Observation 3: Measurements and measurement metrics are still being discussed by RAN1.
Observation 4: Entry and exit conditions may be different based on LR-type.
Proposal 7: RAN4 to define requirements for LP-WUR Entry and Exit criteria based on RAN1 and RAN2 design.
Proposal 8: FFS if RRM simulations for entry and exit criteria are needed.
Proposal 9: RAN4 to discuss scenarios for MR relaxation upon LP-WUR entry and exit
Proposal 10: RAN4 to discussion of which sections of the specification are impacted by the WI.


	R4-2405604
	Huawei, HiSilicon
	Proposal 1: RAN4 to define RRM measurement delay and (implicitly) measurement accuracy requirements for the following combinations of receiver and reference signal.
· MR, based on SSB, with relaxed measurement 
· LP-WUR with OOK receiver, based on LP-SS
· LP-WUR with OFDM receiver, based on SSB
Proposal 2: For MR measurement with relaxation, the legacy SINR condition and accuracy are re-used, and the relaxation factor should be >= 16.
Proposal 3: To define the serving cell RRM measurement requirements for LP-WUR, RAN4 to 
· Wait for further agreement from RAN1 on the target SINR conditions as baseline 
· Evaluate the RRM measurement delay and accuracy at the target SINR conditions
· Determine the target accuracy and corresponding delay 
Proposal 4: To define the serving cell RRM measurement requirements for LP-WUR, RAN4 to discuss the assumption on time and frequency error the measurement may experience.
Proposal 5: 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 6: RAN4 to discuss the metrics for defining entry/exit condition for LP-WUS monitoring. At least RSRP is considered, and other metrics are FFS.
Proposal 7: RAN4 to confirm that same entry/exit condition for LP-WUS monitoring applies for serving cell RRM measurement offloading (from MR to LP-WUR).

	R4-2405937
	Qualcomm Incorporated
	Observation 1: According to the WID, the optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode. 
Observation 2: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR.
Proposal 1: RAN4 should initially focus on specifying RRM requirements for IDLE/INACTIVE mode and address issues, if any, related to CONNECTED mode at a later stage.
Observation 3: It’s a common understanding that RAN2 specifies the entry/exit condition for LP-WUS monitoring as well as conditions under which RRM relaxations and/or RRM measurement offloading can be performed.
Proposal 2: RAN4 shall work on defining the RRM measurement relaxations and/or RRM measurement offloading mechanisms considering the criteria defined by RAN2.
Proposal 3: 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.


	R4-2405958
	ZTE Corporation
	Observation 1: In legacy, the paging monitoring is triggered by the PEI and for LP-WUS triggering paging, there is a bit different from the legacy PEI. 
Observation 2: 
If we use the LP-WUS to trigger the paging monitoring, the three cases will be occurred:
· If the paging monitoring is triggered by the LP-WUS, the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· If the paging monitoring is triggered by the LP-WUS, and the related conditions have not been satisfied to enter the LP-WUS coverage oe UE has not received the LP-WUS for a long time, it is suggested to consider fallback to legacy PO monitoring.
If the UE supports the PEI and also the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.
Observation 3: Further down selection between with and without overlaid OFDM sequences is to be done in further RAN1’s meeting.
Observation 4: The WUR or LR has two different receivers: OOK receiver and OFDM receiver. 
For OOK receiver, it will receive LP-SS and LPWUS. 
For OFDM receiver: 
· If LP-SS without the OFDM sequence, UE will continue to receive the NR SSS to do the RRM measurement, existing PSS/SSS can be used for sync and RRM measurement instead of LP-SS. This situation has little difference to the legacy method.
· If LP-SS with the OFDM sequence, the symbol of OOK-ON shall overlay the OFDM sequence which will be detected and the sync and the RRM measurement shall be based on the LP-SS which is different from legacy.
Proposal 1: If LP-SS without OFDM sequence, the legacy method for sync and RRM measurements shall be reused.
Proposal 2: If LP-SS overlaid with OFDM, RAN4 may consider the related RRM measurement requirements such as accuracy requirements based on LP-SS and the legacy can be the baseline.
Proposal 3: We RAN4 can actually wait for the other working groups’ discussion and the progress on LP-SS.
Proposal 4: Considering the UE power saving gained by LP-WUS or WUR, RAN4 shall consider different method for different LP-SS cases:
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.


	R4-2405970
	MediaTek inc.
	Proposal 1: RAN4 needs to first decide on the principal for defining the three aspects including the target SNR side condition, measurement accuracy and number of samples for LP-WUR based RRM requirements.
Proposal 2: RAN4 to consider fixing the target SNR side condition and/or the target accuracy (FFS whether to be equivalent to the existing RSRP measurement side condition and accuracy) before defining a relaxed number of samples for the LP-WUR.
Proposal 3: RAN4 needs to discuss the entry/exit conditions for LP-WUS monitoring based on the RRM measurements.
Proposal 4: 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.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 General aspects
Issue 2-2-1: Core requirements to be specified for LP-WUR measurement
· Proposals 
· P1: RAN4 specifies measurement/delay requirements for the following: (vivo Samsung xiaomi LG Nokia Huawei) 
· Measurement requirements for LP-WUR (OOK capable) serving cell measurement based on LP-SS at Idle/Inactive state
· Measurement requirements for LP-WUR (OFDM capable) serving cell measurement based on existing SSB at Idle/Inactive state
· P2: On requirements for accuracy for LP-WUR measurement at idle/inactive mode
· Accuracy needs be considered when defining LP-WUR delay requirements by RAN4 (vivo)
· RAN4 shall define LR accuracy requirements, as necessary (Nokia)
· (Implicitly) measurement accuracy requirements for LP-WUR measurement (Huawei)
· P3-1: Consider to define paging reception requirement. (Huawei ZTE)
· [bookmark: _GoBack]P3-2: Paging reception requirement impact can be discussed after further input from RAN2 and RAN1. (Samsung)
· P4: Other considerations:
· The mobility measurement requirements based on LP-SS by LP-WUR for UE in RRC_IDLE/INACTIVE mode are supposed to be defined, including requirements for LP-WUR synchronization and LP-SS based serving cell RRM measurements; RAN4 studies the requirements impact on UE main receiver of the case MR wakes up from sleep state.  (xiaomi)
· Requirements for entry and exit conditions for LP-SS based LP-WUR and SSB-based LP-WUR (Nokia)
· RAN4 to study the need for RRM requirements for different architecture types and define requirements separately for supported architecture types, as needed. FFS on how to capture different architecture requirements in the 38.133 specification (Nokia)
Recommendations:
Recommended agreement: 
· At Rel-19 LP-WUR WI, for LP-WUR measurement, RAN4 specifies measurement requirements for the following: 
· Measurement requirements for LP-WUR (OOK capable) serving cell measurement based on LP-SS at Idle/Inactive state
· Measurement requirements for LP-WUR (OFDM capable) serving cell measurement based on existing SSB at Idle/Inactive state
· Other related requirements are FFS
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: 

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:
 
Issue 2-2-4: 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)
Recommendations: 
Issue 2-2-5: 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
Issue 2-2-6: Impact on specification
· Proposals 
· [bookmark: _Toc163489180]P1: RAN4 to discussion of which sections of the specification are impacted by the WI.(Samsung Nokia)
Recommendations: 
Sub-topic 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
· Proposals 
· P1: The outcome of RAN1’s study on SNR target is used as the baseline for RAN4 LP-WUR requirement study. (vivo CMCC Huawei)
· P2: In this R19 LP-WUR/LP-WUS WI, RAN4 to decide which alternative to use for RRM requirement design for LP-WUR (Apple)
· Alternative 1: Firstly fix the target accuracy performance to be equivalent to the existing RSRP/RSRQ measurement accuracy (e.g., +/- 6dB as companies proposed in last meeting), and then decide the target SNR and sample number for LP-WUR based RRM requirement.
· Alternative 2: Firstly fix the target SNR side condition to be equivalent to the existing SNR side condition in current RSRP/RSRQ measurement requirement (e.g., -6dB or -4dB), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
· Alternative 3: Firstly fix the target coverage performance of LP-WUR to be equivalent to the existing MR (i.e., new target SNR = (existing target SNR) – (extra noise figure)), and then decide the target accuracy and sample number for LP-WUR based RRM requirement
· P3: Suggested for RAN4 RRM to start the work from the measurement accuracy requirements for LP-SS. (xiaomi)
· P4: The general methodology of specify the measurement delay requirement and measurement accuracy can be as following steps: (CMCC)
· 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)
· P5: To define the serving cell RRM measurement requirements for LP-WUR, RAN4 to (Huawei) 
· Wait for further agreement from RAN1 on the target SINR conditions as baseline 
· Evaluate the RRM measurement delay and accuracy at the target SINR conditions
· Determine the target accuracy and corresponding delay 
· P6: RAN4 needs to first decide on the principal for defining the three aspects including the target SNR side condition, measurement accuracy and number of samples for LP-WUR based RRM requirements. RAN4 to consider fixing the target SNR side condition and/or the target accuracy (FFS whether to be equivalent to the existing RSRP measurement side condition and accuracy) before defining a relaxed number of samples for the LP-WUR. (MTK)
Recommendations: 
Suggest to check P1 is agreeable or not. FFS on other proposals

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)
Recommendations: 

Issue 2-2-3: Accuracy
· Proposals 
· P1: The accuracy requirement defined in section 10.1.2B of TS38.133 introduced for Rel-16 EMR can be used as the base when defining requirements for LP-WUR serving cell measurement. (vivo) 
· P1-1: Further relaxation on the accuracy target based on reference accuracy maybe needed, the amount of relaxation could be based on RAN4’s simulation outcome. (vivo)
· P2: Take the legacy measurement accuracy for Connected Mode (TS 38.133 Clause 10.1.2.1.1) as baseline for LP-SS measurement. (CMCC oppo)
· P3: If LP-SS overlaid with OFDM,  RAN4 may consider the related RRM measurement requirements such as accuracy requirements based on LP-SS and the legacy can be the baseline (ZTE)
Recommendations: 
P3 is for FFS

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)
Recommendations: 
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: 

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: 

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)
Recommendations: 
Issue 2-2-8: Other considerations
· Proposals 
· P1: If LP-SS without OFDM sequence, the legacy method for sync and RRM measurements shall be reused. (ZTE)
· P2: FFS whether new requirements needed or not for LP-WUS monitoring during idle and inactive mode. (Samsung)
Recommendations: 

Sub-topic 2-3 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.”
Recommendations: 

Sub-topic 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
· 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
Sub-topic 2-5 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. 
Sub-topic 2-6 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)
Recommendations: 
Suggest eDRX related issue to be down prioritized at the early stage of this WI.

