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1. Introduction
In RAN#101 meeting, the new RRM scope has been added into the SID of the LP-WUR[1].
	· 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



RAN1 has done some evaluation work for RRM aspects in TR38.869. In last RAN4 meeting, we had some agreement in RAN4 RRM as followings [2]:
	Issue 1-1-1: Views on RAN1 outcome
RAN4 confirm that the evaluation methodology by RAN1 in TR38.869 for serving cell RSRP/RSRQ measurement offloading to LP-WUR at IDLE/INACTIVE mode is reasonable for SI phase.
· The evaluation methodology refers to the consideration of side condition, number of samples and accuracy.
· In addition, in RAN4, RF impairment margin is considered.
· Note 1: The detailed parameters for the RAN4 requirements can be further discussed in the WI phase.
· Note 2: The exact values for each aspect (i.e., side condition, number of samples and accuracy) for RAN4 requirements can be further discussed and decided in the WI phase.
· Note 3: In RAN4 understanding, RAN1 has closed the SI.
For Issue 1-2-1/2/3/4:
· Option 1: not further discussion in SI phase.
· Option 2: further discuss in RAN4 SI phase and the conclusion of these issues are to be made in WI phase. 
The wording for the TP can be further discussed.



In this contribution, we provide our view on the review of RRM evaluation work in SI stage.
2. Discussion
In TR38.869 section 8.3.4 and 8.3.5, the RSRP/RSRQ measurement performance has been evaluated based on the following assumptions:
	[bookmark: _Toc144508444]8.3.4.1	Results for LP-SS RSRP RRM measurement, TDL-C
Given assumption: 
· Resource unit is defined as total resource used for measurement, i.e.  resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments considered are shown in the table. 
· TDL-C 300 channel
· X is SNR observed by LP-WUR. Corresponding SNR observed by MR depends on e.g. NF difference between MR and LR
[bookmark: _Toc144508446]8.3.4.2	Results for LP-SS RSRP RRM measurement, AWGN
Given assumptions: 
· Resource unit is defined as total resource used for measurement, i.e., resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments and Sources are shown as well.
· AWGN channel.
[bookmark: _Toc144508448]8.3.4.3	Results for SSS RSRP RRM measurement, TDL-C
Given assumptions:
· Resource unit is defined as total resource used for measurement, i.e. resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments and Sources are shown as well.
· Only TDL-C 300 results
[bookmark: _Toc144508451]8.3.5.1	Results LP-SS, AWGN
Given assumptions: 
· Resource unit is defined as total resource used for measurement, i.e. resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRQ for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments and Sources are shown as well.
· AWGN channel
[bookmark: _Toc144508453]8.3.5.2	Results LP-SS, TDL-C
Given assumptions: 
· Resource unit is defined as total resource used for measurement, i.e. resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRQ for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments and Sources are shown as well.
· TDL-C channel



The LP-WUR based RRM performance evaluation considers following main dimensions:
· Sample/symbols number
· Target SNR for side condition (X={-3, -6, -9, -11})
· Target measurement accuracy (Y= 3 or 5dB)
· Channel model (AWGN, TDL-C)
The LLS performance summary in TR38.869 is duplicated as following:
	RAN1 studied RSRP and RSRQ measurement accuracy based on LP-SS (based on OOK which can be received by envelop detector) assuming TDL-C channel and observed that depending on SNR target X= {-3, -6, -9, -11} dB as seen by LP-WUR, and depending on 90% accuracy of 3 or 5 dB, different number symbols (1 -70) spread over 1-5 periods is required. Timing and frequency impairments were also considered. RAN1 studied RSRP and RSRQ measurement accuracy based on LP-SS (based on OOK which can be received by envelop detector) assuming AWGN channel and observed that depending on SNR target X= {-9, -11} dB as seen by LP-WUR, and depending on 90% accuracy of 3 or 5 dB, different number symbols (1 -20) spread over 1-3 periods is required. Timing and frequency impairments were also considered. Corresponding SNR observed by MR and LR is different due to NF difference between them. Accuracy of RSRP and RSRQ measurement depends on sampling rate.

RAN1 studied RSRP measurement accuracy based on SSS (OFDMA received by I/Q detector) and observed that depending on SNR target X= [-3, -6] dB as seen by LP-WUR, and depending on 90% accuracy of 3dB, 1 OFDMA symbol in 1 period is required, assuming TDL-C. Timing and frequency impairments were also considered. 



In last RAN4 meeting, we agreed that the evaluation methodology by RAN1 in TR38.869 for serving cell RSRP/RSRQ measurement offloading to LP-WUR at IDLE/INACTIVE mode is reasonable for SI phase, where the evaluation methodology refers to the consideration of side condition, number of samples and accuracy. In addition, in RAN4, RF impairment margin is considered. 
In our view, since now we have multiple moving targets(e.g., target SNR, target accuracy, target time delay or sample number), if RAN4 would like to decide the final requirement for LP-WUR based RRM, we may have two possible ways:
· Alt 1 to decide future LP-WUR based RRM requirement:
· Firstly fix the target accuracy performance to be equivalent to the existing RSRP/RSRQ measurement accuracy, and then decide the target SNR and sample number for LP-WUR based RRM requirement.
· Alt 2 to decide future LP-WUR based RRM requirement:
· 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.
· Alt 3 to decide future LP-WUR based RRM requirement:
· Firstly fix the target coverage performance of LP-WUR to be equivalent to the existing MR (i.e., existing target SNR – extra noise figure), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
On the other hand, we think it would be even more helpful if RAN4 can decide some RAN4 related work scopes for the future WID before the SI closing. In our view, a study phase is needed in RAN4 for formal RRM performance evaluation when the WI starts, and RAN4 can then decide which criteria shall be expected to decide the RRM requirement, e.g., shall we assume the LP-WUR based RRM have the equivalent accuracy performance as legacy case, or shall we assume the LP-WUR based RRM have the equivalent side condition of SNR as legacy case, or shall we assume the LP-WUR based RRM have the equivalent coverage as legacy MR case. 
Moreover, when the RRM relaxation is considered for LP-WUS based RRM, we also need to 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 meeting, we have not concluded on the issue 1-2-1/2/3/4:
Issue 1-2-1: Noise figure impact 
Agreement: RAN4 understands the determination of SNR target X of LP-WUR should consider at least the NF difference between LP-WUR and MR. 
Issue 1-2-2: SNR target X for serving cell measurement offloading 
Agreement: RAN4 understands the determination of SNR target X of LP-WUR should consider at least the applicable coverage conditions of LP-WUR. 
Issue 1-2-3: Accuracy
FFS
Issue 1-2-4: RF calibration margin
FFS
Before we fix one target for requirement, e.g., equivalent coverage, equivalent accuracy, or equivalent SNR, we don’t think RAN4 can simply draw the conclusions on issue 1-2-1/2/3/4. So we propose to have conclusion on the above alternatives before we concluding on issue 1-2-1/2/3/4.
Proposal 1: In this R18 SI or in the R19 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.
In last meeting, we also had some touch on the working scope for the following WI of LP-WUR,
	Issue 1-3-1: 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



We agree all the bullets in the issue 1-3-1 since they are all essential and important to determine the RRM requirement.
Proposal 2: During RAN4 Rel-19 WI phase, RAN4 to further discuss/evaluate the following:
· 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
	
The last open thing we observed in the TR38.869 is about the measurement metrics, i.e., RSRP/RSRQ/SINR/RSSI. The measurement metrics are the most fundamental thing we need to figure out before going into the RRM requirement design, however, in TR38.869 section 7.2.2.1, it captured that,
	For at least RRM serving cell measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc)
· LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
· FFS RSSI resource.
· LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
· FFS resource of reference signal(s) or signal(s) parts
· LP-SINR = LP-RSRP/(power of interference and noise) 
· FFS how to define “power of interference and noise”
· LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
· Accounting AGC accuracy, ADC of at least 4 bits is required.
· Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-waveform sequence, LP-SS
· Note: The definition of metrics could be further refined based on future study 



Thus, we think RAN4 and RAN1 shall define the measurement metrics (RSRP/RSRQ/SINR/RSSI) before the RRM requirement design during the Rel-19 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.
Proposal 3: RAN4 and RAN1 needs to firstly define the measurement metrics for LP-WUR based RRM evaluation in R19 RRM requirement design.
3. Conclusion
In this contribution, we provide our view on the review of RRM evaluation work in SI stage.
Proposal 1: In this R18 SI or in the R19 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 2: During RAN4 Rel-19 WI phase, RAN4 to further discuss/evaluate the following:
· 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

Proposal 3: RAN4 and RAN1 needs to firstly define the measurement metrics for LP-WUR based RRM evaluation in R19 RRM requirement design.
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