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Introduction
In RAN#101, the SID [1] for Rel-18 SI on LP-WUR is revised with a new RRM related objective.
	· 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 this paper we will provide our views on RRM related aspects for LP-WUR study.
Discussion
Background 
RAN1 has completed their study on LP-WUR and the outcomes are captured in TR 38.869. During the study, RAN1 identified the following related to RRM measurement. 
	UE power saving gain cannot be observed if the existing Rel-18 MR RRM measurement periodicity for serving and neighbour cells are applied and UE MR enters in ultra-deep sleep during LP LP-WUS monitoring, therefore MR serving and neighbour cell measurement with further time domain relaxation than that is allowed in Rel-18 specification for IDLE/INACTIVE and/or at least serving cell RRM offloaded from MR to LR are beneficial. 


As mentioned in [1] there are two types of LP-WUR architectures considered for RRM:
· LP-SS based RRM measurement for envelop detection-based LP-WUR
· SSS based RRM measurement for OFDM based LP-WUR
RAN1 has studied link level performance of the LP-WUR based RRM, with the following outcome.
	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. 


Based on [1], RAN4 is expected to review the SNR target X for LP-WUR RRM measurement considering the practical noise figure of LP-WUR, i.e. the highlighted ranges.
SNR target X
In our understanding, LP-WUR based serving cell RRM measurement has smaller coverage compared to MR based RRM. For example, for MR based RRM the Es/Iot condition is typically -6dB or -4dB. LP-WUR based RRM does not need to work on such low Es/Iot point. As a kind of serving cell RRM relaxation for power saving, it should be enabled when serving cell quality is reasonably good. Otherwise, UE should use the MR for RRM, for both serving and neighbor cells. This is shown in Figure 1.
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Figure 1: Illustration of coverage level for LP-WUR and MR based RRM
Our view is that LP-WUR based RRM should have similar coverage level as LP-WUS. Assuming LP-WUS cannot work at a certain SNR level, UE anyway needs to use MR for paging and random access at this SNR, and using LP-WUR for RRM may not provide much gain in power saving. RAN1 has discussed quite a lot on the coverage level of LP-WUS. Our suggestion is to design LP-WUS and also LP-SS targeting the same coverage level as Msg3. 
Having determined the coverage level for LP-WUR based RRM, another consideration factor in the SNR target X is the difference in noise figure between LP-WUR and MR. The above coverage level is from MR point of view, and for LP-WUR the observed SNR level will be lower because of larger noise figure. 
For example, if the coverage level for MR is YMR dB, and the noise figure of LP-WUR is NNF,diff dB larger than that of MR, then the SNR for LP-WUR would be around YMR - NNF,diff dB. This would be the SNR target X for evaluating the link level performance of LP-WUR based RRM. 
Based on above, it can be seen that the SNR target X for evaluating LP-WUR based RRM measurement mainly depends on the target coverage level of LP-WUR based on RRM and the difference in noise figure between LP-WUR and MR.
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
RAN1 has used the MIL as the metric as the metric for LP-WUS coverage evaluation. 
	For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) are reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
· Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
· Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
· Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded. FFS: Target coverage of LP-WUS


Since MIL provides a common definition of coverage level for different UL and DL channels, it can be easily used to derive the SNR target X for LP-WUR evaluation using excel sheet in Annex 8.2 of TR 38.869.
· Step 1: Calculate the MIL of the reference channel. In our view, LP-WUS should target at same coverage level as Msg3, so we can calculate the MIL of Msg3. 
· Step 2: Apply the same MIL to the LP-WUS
· Step 3: Calculate the required SNR level for LP-WUS. Note that the noise figure assumption is needed for the calculation, so the noise figure difference NNF,diff is accounted in this step.
Based on our calculation, the MIL of Msg3 is in the range of 145dB to 150dB. Assuming the noise figure of 15dB for LP-WUR, the SNR target X would be in the range of -3dB to -6dB. It is a subset of the SNR range RAN1 has studied (i.e. -3dB to -11dB). Therefore, we suggest RAN4 to confirm that the range of SNR target X that has been evaluated by RAN1 is sufficient for feasibility verification. Of course, in the WI phase, RAN4 needs to down select to 1 or 2 SNR levels for requirement definition based on common understanding on the LP-WUR coverage target and noise figure. 
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. 
Conclusions
In this paper we provided our views on RRM related aspects for LP-WUR study.
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. 
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