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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 [108bis][xxx] FS_NR_LPWUS for the agenda 5.20.4.
The study item includes the following objectives from [RP-232672]:
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· To review the outcome of RAN1 studies on serving cell RSRP/RSRQ measurement offloading to LP-WUR for IDLE/INACTIVE mode for feasibility verification [RAN4]. 
· Consider different LP-WUR architectures:
· LP-SS based RRM measurement for envelop detection-based LP-WUR
· SSS based RRM measurement for OFDM based LP-WUR
· For each of above, to review:
· SNR target X for LP-WUR RRM measurement considering the practical noise figure of LP-WUR
Topic #1: General aspects
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary

	T-doc number
	Company
	Proposals / Observations

	R4-2315172
	CMCC
	Observation 1: The LP-WUR has larger or comparable noise figure as legacy receiver, larger noise figure will introduce SNR degradation.
Observation 2: When defining the target SNR, the measurement accuracy at the target SNR with specific measurement samples and impairment conditions should be comparable with legacy accuracy requirement.
Proposal 1: The target SNR value considered by RAN1 is in rational range. The specific value of target SNR could be further investigated in WI phase.


	R4-2315214
	vivo
	Observation 1: To review SNR target X, the methodology to obtain the SNR target X and key impact factors should be aligned/clarified firstly. 
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: 90% accuracy of measurement at 5 or 3 dB is used as the reference accuracy in RAN1’s LLS study, including serving cell RSRP/RSRQ measurement offloading to LP-WUR at IDLE/INACTIVE state. Using this accuracy reference, RAN1’s investigations are carried out under different SNR target X of LP-WUR. 
Observation 4: From RAN4 point of view, the accuracy used in RAN1 study will guarantee the quality of fallback triggering and is sufficient for serving cell RSRP/RSRQ measurement offloading to LP-WUR study. 
Observation 5: These SNR target X seen by a MR (the initial SNR) is further adjusted by considering the practical noise figure of LP-WUR with a particular receiver architecture. 
Proposal 1: The accuracy requirement defined in section 10.1.2B of TS38.133 introduced for Rel-16 EMR can be used as the base for serving cell measurement offloading to LP-WUR study. Suggest to consider possible further relaxation on the RSRP accuracy target due to simplified functionality performed by LP-WUR based measurement. 
Proposal 2: From RAN4 point of view, the SNR target X 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 3: From RAN4 point of view, since only the serving cell measurement is performed by LP-WUR. The SNR target X can be further relaxed. If a is the difference of the operating point for serving cell offloading minus the normal operating point like -6 dB, after relaxation the final SNR target X seen by LP-WUR is X = X + a, where the exact value of a to be determined in the WI phase. 

	R4-2315427
	Xiaomi
	Proposal 1: The accuracy requirement for LP-WUR RRM measurement should be comparable to the existing intra-frequency RSRP/RSRQ accuracy requirements for FR1 for CA/DC Idle Mode Measurements defined in 10.1.2B and 10.1.7B.
Proposal 2: The side condition for LP-WUR RRM measurement can be relaxed if the noise figure of LP-WUR increase compare with the main receiver.


	R4-2315933
	MediaTek Inc.
	Observation 1: The absolute RSRP measurement accuracy of LP-WUS should be an important design KPI for the use case of serving cell measurement offloading. However, the RF calibration error is missing in TR38.869.
Proposal 1: Inform RAN1 that the margin of RF calibration error is missing in the absolute RSRP measurement analysis in TR 38.869. TBD whether to provide some reference values of SSB to RAN1.
Observation 2: Given that the LP-WUS is not going to be used for cell identification, there is no intention for the LP-WUS to have larger coverage than SSB.
Proposal 2: If the design target is to have comparable cell coverage as SSB, the target SNR can be set at -6dB in CONNECTED mode and -4dB in IDLE mode; otherwise, the target SNR can be higher.

	R4-2316067
	Huawei, HiSilicon
	Observation: The SNR target X for LP-WUR based RRM measurement depends on
· The target coverage level of LP-WUR based on RRM
· The difference in noise figure between LP-WUR and MR
Proposal: RAN4 to confirm the range of SNR target X that has been evaluated by RAN1 is sufficient for feasibility verification. RAN4 to determine the SNR target X for requirement definition in WI. 


	R4-2316359
	Ericsson
	Observation 1	For legacy NR UE equipped with more than 2 receive branches, the RAN4 RRM measurement performance is always evaluated with 2 receive branches.  
Observation 2	1 Rx branch is assumed for evaluating the measurement performing using LP-WUR. 
Observation 3	RedCap UE measurement performance were evaluated with 1 and 2 Rx branches. 
Observation 4	RAN4 RRM measurement performance is typically evaluated for TDL-A30, TDL-B100, TDL-C300 and AWGN channels. But LP-SS measurement performance in [TR 38.869] was evaluated for TDL-C300 and AWGN channel only. 
Observation 5	RAN4 RRM measurement performance is typically evaluated using two cells with synchronous and asynchronous relations. But LP-SS measurement performance in [TR 38.869] was evaluated using a single cell only. 
Observation 6	Evaluation results in TR 38.869 are based on different assumptions regarding resource lengths/units of the symbol. 
Observation 7	LP-SS based measurements using WUR presented in TR 38.869 may lead to increased UE power consumption if they are measured over longer resource lengths. 
Observation 8	Noise figure of LP-WUR is at least 3 dB worse than 1 Rx RedCap receiver, e.g. the LP-SS results are evaluated at X dB SNR corresponds to X+3 dB SNR level when measuring using the legacy receiver (MR). 
Observation 9	The LP-SS based measurement accuracy presented in TR 38.869 do not include RF impairment margin. The accuracy will be worse when RF impairment margin is added to the requirements. 
Observation 10	Significant difference is observed in the minimum periodicity of reference signals used in the legacy measurements SSS (e.g. 20 ms) and LP-SS (e.g. 320 ms) used for evaluating the RRM measurement performance. 
Observation 11	With a minimum LP-SS perioidcity of 320 ms, the UE cannot perform IDLE/INACTIVE mode serving cell evaluation according to the legacy requirements in [4].

Observation 12	The simulation results presented for LP-SS based measurements in TR 38.869 might have assumed different number of tx antennas since there was no agremeent on the numbre of tx antennas for LP-SS transmissions. 
Observation 13	A measurement accuracy degradation of ~2.5 dB is observed when the RSRP measurement is performed using LP-SS at -9 dB SNR compared to SSS-based measurement performed by 1 Rx RedCap: 
· Note: RedCap side condition of -6 dB corresponds to -9 dB with WUR assuming 3 dB worser noise figure.
· at SNR condition (-9 dB for LP-WUR), the LP-SS based RSRP accuracy level is ± 5 dB excluding the RF margin;
· RSRP accuracy level is ± ~2.5 dB excluding the RF margin for 1 Rx RedCap UE at -6 dB SNR.
 
 Observation 14	The RSRP measurement period at minimum SNR condition (-9 dB for LP-WUR) is ~ 12600 ms for LP-SS measurement compared to 100 ms for 1 Rx RedCap UE (-6 dB SNR) assuming 5 samples. 
Observation 15	The SSS-based RSRP measurment results may need to be evaluated at -9 dB SNR with LP-WUR. 
Observation 16	A RSRQ measurement accuracy degradation of ~1.5 dB is observed when the RSRQ measurement is performed using LP-SS at -9 dB SNR compared to SSS-based measurement RSRQ performed by 1 Rx RedCap at -6 dB SNR. 
· Note: RedCap side condition of -6 dB corresponds to -9 dB with WUR.
· at SNR condition (-9 dB for LP-WUR), the LP-SS based RSRQ accuracy level is ± 5 dB;
· RSRQ accuracy level is ±3.5 dB for 1 Rx RedCap UE at -6 dB SNR.


	R4-2316549
	SAMSUNG R&D INSTITUTE JAPAN
	Observation 1: RAN1 evaluation methodology for RSRP, RSRQ measurement aligned with RAN4 methodology to develop RRM measurement requirements (Measurement delay, measurement accuracy).
Observation 2: It’s impractical for RAN4 to review RAN1 evaluation detailed assumption in study phase. 
Proposal 1: The scope of Rel-19 LP-WUS/WUR WI can be proceeded based on RAN1 evaluation outcome on serving cell RSRP/RSRQ measurement offloading to LP-WUR.
Proposal 2: During RAN4 requirements introduction phase (Rel-19 WI phase), RAN4 can further evaluate and specify corresponding measurement requirements with necessary refinement on side conditions i.e.  target SNR, measurement accuracy, and measurement delay to be compliant with RAN1/RAN2 design. 

	R4-2316590
	Apple
	Proposal 1: RAN4 to confirm that the methodology used by RAN1 in TR38.869 for LP-WUR based RRM evaluation is reasonable, i.e., RRM performance evaluation with the following main dimensions:
· Sample/symbols number
· Target SNR for side condition 
· Target measurement accuracy 
· Channel model
Proposal 2: If possible, RAN4 to discuss and decide some potential/possible RAN4 work scopes for the Rel-19 LP-WUR WI, e.g., 
· a study phase is needed in R19 WI for RAN4 to evaluate the RRM performance based on:
· Different SNR side condition, and
· Different samples/symbols for LP-SS and SSS 
· Note: RRM performance includes both measurement/synchronization time delay and RSRP/RSRQ measurement accuracy
· Decide on a criterion to design the RRM requirement, e.g., assume the LP-WUR based RRM have the equivalent accuracy performance as legacy case, or assume the LP-WUR based RRM have the equivalent side condition of SNR as legacy case.
Proposal 3: RAN4 and RAN1 needs to firstly define the measurement metrics for LP-WUR based RRM evaluation before the RRM requirement design.


	R4-2316675
	Nokia, Nokia Shanghai Bell
	1. RAN4 considers in the feasibility evaluation, robust offloading of IDLE/Inactive mode MR-based serving cell measurements to LP-WUR based measurements, based on RSRP and RSRQ.
1. RAN4 to evaluate the offloading feasibility in a LP-WUR agnostic manner and account the NF’s separately.

1. Based on simulation results presented in RAN1 accounting some impairments, and varying amount of measurement reference resources, LP-SS based RRM measurements can achieve reasonable accuracy, in the range of current RAN4 requirements for normal NR receiver. Final attainable accuracy would depend on the needed implementation margin.

The SNR target setting should consider the attainable measurement accuracy, accounting tolerance for practical impairments of LP-WUR 

The final attainable accuracy for LP-WUR measurements may deviate from the accuracy shown in simulations due to different impairments. 

RAN4 would need to agree which impairments RAN4 would assume for a LP-WUR.

The measurement accuracy with LP-WUR needs to be sufficient to ensure that UE fallback to MR based operation when conditions so dictate. 


	R4-2316858
	Qualcomm Incorporated
	Observation 1: During IDLE/INACTIVE mode, RRM measurements performed by the Main Radio, for serving cell and neighbour cell evaluation for cell-reselection limit the achievable power-savings with the LP-WUR.
Proposal 1: RAN4 agrees with RAN1 understanding/conclusion that LP-WUR operation without measurement offloading/relaxations limits the achievable UE power savings.
Observation 2: Relaxations are specified only for the neighbouring cells and not for the serving cells.
Observation 3: Specifying serving cell measurement relaxations provides power-savings but not in all cases
Proposal 2: RAN4 supports measurement offloading to the LP-WUR at-least for the serving cell. Relaxations for the serving cell measurements can be additionally considered.
· Further discuss the scenarios where measurements can be relaxed and/or offloaded
· The exact relaxations and offloading mechanism to be specified during the WI phase

Observation 4: RAN4 specifies (absolute) SS-RSRP accuracy levels +/-6db for an FR1 cell configured for CA/DC Idle mode measurements with SSB Ês/Iot >=-4db.
Observation 5: RAN4 specifies (absolute) SS-RSRP accuracy levels +/-4.5db for an FR1 cell configured for Connected mode measurements with SSB Ês/Iot >=-6db.
Proposal 3: In RAN4’s view, a desired accuracy of +/-4.5 to +/-6db can be targeted for the LP-SS/SS based measurements by the LP-WUR.
· Note that the exact accuracy levels shall be specified during the WI phase.

Proposal 4: RAN4 to further study the SNR targets and the number of measurement samples needed to achieve the SNR target shall be specified during the WI phase.




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 General view on RAN1 studies on serving cell RSRP/RSRQ measurement offloading
Sub-topic description:
Open issues and candidate options before meeting:
Issue 1-1-1: Views on RAN1 outcome
· Proposals 
· P1: The target SNR value considered by RAN1 is in rational range. The specific value of target SNR could be further investigated in WI phase (CMCC Huawei)
· P2: The scope of Rel-19 LP-WUS/WUR WI can be proceeded based on RAN1 evaluation outcome on serving cell RSRP/RSRQ measurement offloading to LP-WUR. (Samsung)
· P3: RAN4 to confirm that the methodology used by RAN1 in TR38.869 for LP-WUR based RRM evaluation is reasonable, i.e., RRM performance evaluation with the following main dimensions: Sample/symbols number; Target SNR for side condition; Target measurement accuracy; Channel model (Apple)
· P4: RAN4 supports measurement offloading to the LP-WUR at-least for the serving cell. Relaxations for the serving cell measurements can be additionally considered. (QC)
· Further discuss the scenarios where measurements can be relaxed and/or offloaded
· The exact relaxations and offloading mechanism to be specified during the WI phase

· P5: Following differences in RRM measurement evaluation assumptions were observed between the results presented in RAN1 and what is typically used in RAN4 (Ericsson): 
· RAN4 RRM measurement performance is typically evaluated for TDL-A30, TDL-B100, TDL-C300 and AWGN channels. But LP-SS measurement performance in [TR 38.869] was evaluated for TDL-C300 and AWGN channels only. 
· RAN4 RRM measurement performance is typically evaluated using two cells with synchronous and asynchronous relations.
· Evaluation results in TR 38.869 are based on different assumptions regarding resource lengths/units of the symbol. 
· LP-SS based measurements using WUR presented in TR 38.869 may lead to increased UE power consumption if they are measured over longer resource lengths. 
· Noise figure differences between LP-WUR and MR
· RF impairment margin not considered
· Significant difference is observed in the minimum periodicity of reference signals used in the legacy measurements SSS (e.g. 20 ms) and LP-SS (e.g. 320 ms) used for evaluating the RRM measurement performance.
· With a minimum LP-SS perioidcity of 320 ms, the UE cannot perform IDLE/INACTIVE mode serving cell evaluation according to the legacy requirements in TS 38.133.
· The simulation results presented in TR 38.869 might have assumed different number of tx antennas since there was no agremeent on the number of tx antennas for LP-SS transmissions
Recommendations: RAN4 confirm that the methodology used by RAN1 in TR38.869 for SNR target X for serving cell RSRP/RSRQ measurement offloading to LP-WUR at IDLE/INACTIVE mode is reasonable.

Sub-topic 1-2 Methodology on serving cell RSRP/RSRQ measurement offloading review 
Issue 1-2-1: Accuracy 
· Proposals 
· P1: The accuracy requirement defined in section 10.1.2B/10.1.7B of TS38.133 for RSRP/RSRQ can be used as the base for serving cell measurement offloading to LP-WUR study. (vivo xiaomi)
· P2: In RAN4’s view, a desired accuracy of +/-4.5 to +/-6db can be targeted for the LP-SS/SS based measurements by the LP-WUR. Note that the exact accuracy levels shall be specified during the WI phase. (QC)
· P3: The 1 Rx RedCap measurement accuracy requirements are used as reference for the study of LP-WUR measurements. (Ericsson)
Recommendations: RAN4 tries to align views on accuracy
Issue 1-2-2: Noise figure impact 
· Proposals 
· P1: From RAN4 point of view, the SNR target X 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) 
· P2: The side condition for LP-WUR RRM measurement can be relaxed if the noise figure of LP-WUR increase compare with the main receiver (xiaomi)
· P4: Noise figure of LP-WUR is at least [3] dB worse than 1 Rx RedCap receiver, e.g. the LP-SS results are evaluated at X dB SNR corresponds to X+[3] dB SNR level when measuring using the legacy receiver (MR) (Ericsson).
Recommendations: RAN4 confirm the SNR target X of LP-WUR is adjusted by considering the NF difference between LP-WUR and MR.  
Issue 1-2-3: SNR target X for serving cell measurement offloading 
· Proposals 
· P1: From RAN4 point of view, since only the serving cell measurement is performed by LP-WUR. The SNR target X can be further relaxed. If a is the difference of the operating point for serving cell offloading minus the normal operating point like -6 dB, after relaxation the final SNR target X seen by LP-WUR is X = X + a, where the exact value of a to be determined in the WI phase. (vivo)
· P2: If the design target is to have comparable cell coverage as SSB, the target SNR can be set at -6dB in CONNECTED mode and -4dB in IDLE mode; otherwise, the target SNR can be higher. (MTK)
· P3: LP-WUR based RRM should have similar coverage level as LP-WUS, which is smaller than RRM based on MR and SSB. The SNR target for LP-WUR based RRM (without considering impact of larger noise figure) should be higher than -6dB or -4dB for RRM based on MR and SSB. (Huawei)
Recommendations: For different design targets, RAN4 studies whether a legacy or relaxed SNR target X is considered.  
Issue 1-2-4: RF calibration margin
· Proposals 
· [bookmark: _Hlk146841055]P1: Inform RAN1 that the margin of RF calibration error (RF impairment margin) is missing in the absolute RSRP measurement analysis in TR 38.869. TBD whether to provide some reference values of SSB to RAN1. (MTK, Ericsson)
Recommendations: RAN4 captures the RF calibration margin in the TP.
Issue 1-2-5: Measurement metrics 
· Proposals 
· P1: RAN4 and RAN1 needs to firstly define the measurement metrics for LP-WUR based RRM evaluation before the RRM requirement design (Apple)
· P2: RAN4 considers in the feasibility evaluation, robust offloading of IDLE/Inactive mode MR-based serving cell measurements to LP-WUR based measurements, based on RSRP and RSRQ. (Nokia)
Recommendations: Measurement metrics can be discussed at WI phase. 
Issue 1-2-6: Other aspects 
· Proposals 
· P1: RAN4 to evaluate the offloading feasibility in a LP-WUR agnostic manner and account the NF’s separately (Nokia)
Recommendations:

Sub-topic 1-3 Others
Issue 1-3-1: Resource lengths/units
· Proposals 
· P1: LP-SS based measurements using WUR presented in TR 38.869 may lead to increased UE power consumption if they are measured over longer resource lengths/units (Ericsson).
Recommendations: 
Issue 1-3-2: LP-SS periodicity
· Proposals 
· P1: With a minimum LP-SS perioidcity of 320 ms, the UE cannot perform IDLE/INACTIVE mode serving cell evaluation according to the legacy requirements in TS 38.133. (Ericsson).
Recommendations: 
Note: To moderator’s understanding 1-3-1 and 1-3-2 are out of scope of study phase.
[bookmark: _GoBack]Issue 1-3-3: On UE power saving gain
· Proposals 
· P1: RAN4 agrees with RAN1 understanding/conclusion that LP-WUR operation without measurement offloading/relaxations limits the achievable UE power savings (QC)
Recommendations: 

Sub-topic 1-4 Suggestions for WI phase aspects
Issue 1-4-1: Suggestion for issues to be considered at WI phase 
· Proposals 
· P1: During RAN4 Rel-19 WI phase, RAN4 can further discuss/evaluate the following: (Samsung Apple vivo QC)
· Further relaxation on the RSRP accuracy target due to simplified functionality performed by LP-WUR based measurement.
· a study phase is needed in R19 WI for RAN4 to evaluate the RRM performance based on:
· Different SNR side condition, 
· Different samples/symbols for both LP-SS and SSS 
· Measurement accuracy and measurement delay
· Coverage
· A criterion to design the RRM requirement, e.g., assume the LP-WUR based RRM have the equivalent accuracy performance as legacy case, or assume the LP-WUR based RRM have the equivalent side condition of SNR as legacy case.
· The exact relaxations and offloading mechanism
Recommendations: 

