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In RAN Plenary meeting #101 the objectives of LP-WUS/WUR study item was discussed and following update to objectives was agreed [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




In the last RAN4 meeting in Xiamen, China, RAN4 had initial discussion related to this FS. In this paper we continue the discussion a bit further elaborating on our views.
[bookmark: _Toc116995842]Discussion
In RAN4#108bis RAN4 discussed about the aspect related to the RRM aspects of LP-WUS, and reached one conclusion:
	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.




Hence, regarding the RAN11 evaluation methodology RAN4 concluded that the evaluation methodology for RSRP/RSRQ serving cell measurement offloading is reasonable for SI phase. 
More detailed assumptions, especially in context of possible measurement requirements would be discussed further in work item phase. 
Additional items listed (NF impact, SNR target, measurement accuracy and RF calibration margin) were left for possible further discussion.
LP-WUR measurement accuracy
In following we consider the additional items related to LP-WUS based mobility measurements.
It is assumed that as the possible offloading measurements to LP-WUR is restricted to the serving cell measurements, so that additional aspects such as cell detection etc. does not need to be considered in context of LP-WUR. Restricting the offloading to serving cell measurements seems reasonable assumption to simplify the LP-WUR and LP-SS/WUS design. Furthermore, focusing to IDLE/Inactive mode serving cell measurements allows more margin in terms of user experience as there is typically significantly more time to carry out related evaluations and procedures before possible performance issues are visible to the end user. This does not however imply that IDLE/Inactive measurements would not require scrutiny, and the performance should be maintained as close as the existing performance as possible. 
Observation 1: Restricting the measurement offloading to IDLE/Inactive mode serving cell measurements seems like a reasonable approach considering LP-WUR and LP-SS/WUS design complexity as well as mobility robustness.
Based on RAN1 evaluations, it seems necessary to support reduction in MR measurement activity in IDLE/Inactive mode to reach good level of power saving gain with LP-WUS operation. In context of offloading IDLE/Inactive mode serving cell measurements to LP-WUR the key factor to ensure good mobility performance is not compromised and maintaining system KPIs, is the measurement accuracy.  
The considered approach so far (in RAN1 and RAN2) is that UE would fallback to MR-based measurements when the observed serving cell quality drops to/below predefined threshold. E.g. upon approaching cell edge UE would start to carry out serving and neighboring cell measurements with MR. This approach would ensure that mobility procedures, such as cell reselection, are not unnecessary delayed and user experience is not negatively impacted. Thus, in order for this approach to work, it is required that the LP-WUR based measurements are accurate and can be assumed to provide accurate results e.g. related to determining any threshold related to switch to MR based operation.
Observation 2: To enable significant relaxation of MR based measurements without negative implications to mobility performance, the LP-WUR based measurements need to have sufficient accuracy. 
Observation 3: From system operation point of view and in order to maintain the mobility related KPIs, the LP-WUR measurement accuracy is the key factor for facilitating measurement offloading to LP-WUR based. 
Proposal 1: RAN4 first aims to agree the required accuracy for the LP-WUR based measurements (target), and then considers the necessary side conditions (i.e. SNR, NF) to meet the agreed accuracy. 
Current RAN4 requirements determine the accuracy range requirements e.g. for RSRP, and these accuracy levels could be used as baseline for the required target accuracy (e.g. 90% time within ±4.5dB) for the LP-WUR. The requirement accuracies account some tolerance for implementation margin, thus somewhat tighter target accuracy should be considered when ideal simulations are considered. 
Determining a new, more relaxed accuracy requirements for LP-WUR based measurements would require evaluating the system performance impact to ensure that the measurement accuracy is not relaxed too much. Furthermore, the less accurate the LP-WUR based measurements are, the larger hysteresis needs to be accounted for in the fallback operation (to MR based measurements). Thus, the UE would need to change back to MR based measurements (autonomously or based NW configured threshold) earlier, resulting reduced UE power saving benefits. 
Hence, the determining factor for the feasibility of offloading measurements is not set by the SNR target (i.e. signal side conditions and RF impairments), but what is the supported measurement accuracy of the LP-WUR. 
Observation 4: Existing accuracy levels (e.g. 90% time within ±4.5dB for absolute RSRP) could be used as the baseline for LP-WUR based measurement accuracy. 
Observation 5: Determining new more relaxed accuracy requirements for LP-WUR, would require careful system performance evaluation to determine the feasibility. More relaxed measurement accuracy requirements would lead to reduced power saving benefits, as the UE would need to fallback to using MR based measurements earlier to account the low measurement accuracy of LP-WUR measurements. 
Proposal 2: RAN4 agrees that LP-WUR based measurements need to reach the same accuracy level as MR based measurements including the necessary implementation margin for offloading feasibility. Different target accuracies could be determined for absolute and relative measurements.
After agreeing the target accuracy, the necessary side conditions to meet this could be determined. The side conditions in which the target accuracy is affected by multiple factors. Most important factor considered by RAN4 are the LP-WUR RF related metrics such as NF (for absolute and relative metric) and RF chain gain calibration accuracy (for absolute measurements). These metrics would be dependent on the LP-WUR architecture. In final specification the implementation of particular LP-WUR architecture will not be specified directly, but the requirements and signal design will determine the viable designs. Now RAN4 has discussed the different architectures and related aspects, including the NF, but without reaching a firm conclusion. As it is unlikely that RAN4 would conclude the final NF for LP-WUR in SI phase, nor be able to conclude the level of other implementation margin related aspects such as RF chain gain calibration, it does not seem practical to attempt to conclude the on the side conditions i.e. SNR target during the SI phase either.
Observation 6: It does not seem practical to agree LP-WUR RF impairments, such as NF, needed for requirement side condition definition (i.e. target SNR), in SI phase.
Additionally, the signal upon which the measurements are done will affect the required side conditions to meet the target accuracy. In this context, depending on the LP-WUR receiver architecture, two approaches could be considered: 
· Either LP-WUR does the measurements based on new signal, i.e. LP-SS, or 
· If LP-WUR is capable, based on existing signal such as SSB. 
Observation 7: The signal on which the measurements are made can also affect the side conditions to meet the target accuracy.
Proposal 3: From LP-WUR measurement perspective, RAN4 will conclude the required side conditions to meet the target accuracy in WI phase (if agreed).
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[bookmark: _Toc116995849]In this paper we discussed further on the LP-WUR and aspects related to how we see the work could progress. We suggest RAN4 start with agreeing on a certain measurement accuracy as being the target for the LP-WUR. Based on the selected accuracy, RAN4 can discuss and conclude the side conditions.
We observe and propose:
Observation 1: Restricting the measurement offloading to IDLE/Inactive mode serving cell measurements seems like a reasonable approach considering LP-WUR and LP-SS/WUS design complexity as well as mobility robustness.
Observation 2: To enable significant relaxation of MR based measurements without negative implications to mobility performance, the LP-WUR based measurements need to have sufficient accuracy. 
Observation 3: From system operation point of view and in order to maintain the mobility related KPIs, the LP-WUR measurement accuracy is the key factor for facilitating measurement offloading to LP-WUR based. 
Proposal 1: RAN4 first aims to agree the required accuracy for the LP-WUR based measurements (target), and then considers the necessary side conditions (i.e. SNR, NF) to meet the agreed accuracy. 
Observation 4: Existing accuracy levels (e.g. 90% time within ±4.5dB for absolute RSRP) could be used as the baseline for LP-WUR based measurement accuracy. 
Observation 5: Determining new more relaxed accuracy requirements for LP-WUR, would require careful system performance evaluation to determine the feasibility. More relaxed measurement accuracy requirements would lead to reduced power saving benefits, as the UE would need to fallback to using MR based measurements earlier to account the low measurement accuracy of LP-WUR measurements. 
Proposal 2: RAN4 agrees that LP-WUR based measurements need to reach the same accuracy level as MR based measurements including the necessary implementation margin for offloading feasibility. Different target accuracies could be determined for absolute and relative measurements.
Observation 6: It does not seem practical to agree LP-WUR RF impairments, such as NF, needed for requirement side condition definition (i.e. target SNR), in SI phase.
Observation 7: The signal on which the measurements are made can also affect the side conditions to meet the target accuracy.
Proposal 3: From LP-WUR measurement perspective, RAN4 will conclude the required side conditions to meet the target accuracy in WI phase (if agreed).
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