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Introduction
At RAN 101 meeting the revised SI “Study on low-power Wake-up Signal and Receiver for NR” [1] was approved. The update parts of the objectives are: 

The study item includes the following objectives:
…
· 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
At RAN4 108bis meeting, the following agreements were achieved.
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.

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 1-2-4: RF calibration margin
Recommendations: See agreements for issue 1-1-1
In this contribution, further considerations on this topic are provided.
Discussion
Background
Serving cell offloading 
At idle states (RRC-IDLE and RRC-INACTIVE), UE might need to perform RRM measurement, cell re-selection if necessary and paging monitoring. RRM measurement includes serving cell and neighbour cell measurement and whether neighbour cell measurement will be performed or not is determined by serving cell measurement quality.  
In [2], it indicated:
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
· Periodic reference signal(s) is/are used for LR measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
· FFS: periodicity, content

The mechanism of serving cell RRM measurement offloading is illustrated in the figure 1.  
When the serving cell measurement quality is good, the serving measurement carried out by MR will be offload to LP-WUR when the “entry conditions” is satisfied. When serving cell measurement quality is deteriorated, the LP-WUR will trigger the MR and MR will perform legacy RRM measurements. 
RAN2 #123 meeting’s agreement on entry and exit conditions are defined as below:
Offloading (entry conditions): Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS. *
Fall back (exit conditions): The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR. *
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Discussion
Issue 1-2-2: SNR target X for serving cell measurement offloading 
· 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)
Agreement: RAN4 understands the determination of SNR target X of LP-WUR should consider at least the applicable coverage conditions of LP-WUR. 
To our understanding, the agreement at previous meeting has a broad scope which potentially could be interpreted from different views. “The applicable coverage conditions” implies the SNR target X will be investigated based on one/more particular coverage conditions, depending on consensus of future study. Firstly one intuitive consideration is the serving cell offloading functionality is performed when the quality of the serving cell signal is good otherwise fallback procedure will be triggered. This means applicable coverage conditions maybe similar to that “not at the cell edge” or “stationary” used for UE power saving at Rel-16/Rel-17 and the corresponding SNR target X does not work at deeper as typical used Es/Iot condition like -6dB, no matter for MR or LP-WUR. Secondly the applicable coverage conditions could be interpreted as the coverage area comparable to that of SSB, like the first part of P2. In addition the applicable coverage condition is interpreted based on RAN1’s study which target the same coverage level as Msg3. Considering the serving cell measurement offloading scenario, the first consideration is reasonable, i.e., the SNR target X can work at a higher operating point and need not work at deeper as the typical Es/Iot condition like -6dB.
Alternatively since the serving cell measurement offloading functionality has already been determined to be supported, RAN4 can investigate the new side conditions for this functionality for LP-WUR directly. 
Proposal 1: For the serving cell measurement offloading scenario, the determination of SNR target X of LP-WUR should consider at least the possibility that the LP-WUR/MR works at a higher operating point instead of the typical Es/Iot condition like -6dB. 
Alternatively since the serving cell measurement offloading functionality has already been determined to be supported, RAN4 can investigate the new side conditions for this functionality for LP-WUR directly. 

Issue 1-2-3: 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)
Particular accuracy level has been used in RAN1 study with the intention to guarantee the quality of fallback triggering. From RAN4’s perspective, accuracy reference needs be investigated/determined for SNR target X study. 
Since only serving cell measurement is considered in the SI phase, “Intra-frequency RSRP accuracy requirements for FR1 for CA/DC Idle Mode Measurements” can be used as the reference. The corresponding requirements are:
· At FR1 the absolute intra-frequency RSRP accuracy requirements for a NR UE is 6 dB when the SSB Ês/Iot is -4 dB according to Table 10.1.2B.1.1-1 of [3]. 
· At FR1 the absolute intra-frequency RSRQ accuracy requirements for a NR UE is 4 dB when the SSB Ês/Iot is -3 dB according to Table 10.1.7B.1.1-1of [3]. 
Alternatively, the SNR target X and accuracy requirements specified for CONNECTED state measurement performance can be used as the reference as well. Since the LP-WUR only performs the serving cell measurement at idle/inactive state, the intra-frequency accuracy requirements defined in [3] can be used as the accuracy reference. The logic is if the connected state accuracy requirements, which should be stricter than that of idle/inactive state, are satisfied, then the quality of serving cell measurement carried out by LP-WUR will be guaranteed and the fallback triggering will be sufficiently accurate.   
Using 1Rx Redcap UE as the reference, whose capability is more similar to that of LP-WUR compared with a MR: 
· At FR1 the absolute intra-frequency RSRP accuracy requirements is 5.5 dB when the SSB Ês/Iot is -6 dB according to Table 10.1A.2.1.1-1 of [3].
For a NR UE at FR1 the absolute intra-frequency RSRP accuracy requirements for a NR UE or RedCap UE capable of 2Rx is 4.5 dB when the SSB Ês/Iot is -6 dB according to Table 10.1.2.1.1-1 of [3]. 
For RSRQ requirements, for 1Rx Redcap UE, the absolute intra-frequency RSRQ accuracy requirements is 3.5 dB when the SSB Ês/Iot is -3 dB according to Table 10.1A.6.1.1-1of [3]. For a normal UE, the absolute intra-frequency RSRQ accuracy requirements is 2.5 dB when the SSB Ês/Iot is -3 dB according to Table 10.1A.6.1.1-1of [3].
Among the former methods, the accuracy requirements defined in 10.1.2B at idle mode is more straightforward to be used as the reference accuracy for WI phase study. The accuracy target could be further relaxed for related measurement metric like RSRP due to simplified functionality (serving cell measurement offloading) performed by LP-WUR.

Proposal 2: The accuracy requirement defined in section 10.1.2B of TS38.133 introduced for Rel-16 EMR can be used as the base for the study for serving cell measurement offloading to LP-WUR. 
Proposal 3: Suggest to consider possible further relaxation on the accuracy target for related measurement metric like RSRP due to simplified functionality (serving cell measurement offloading) performed by LP-WUR. 

Issue 1-3-1: Suggestion for issues to be considered at WI phase 
· 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
Regarding issues to be considered at WI phase, a few issues have been identified in P1. From RAN4 requirement point of view, it is better to limit the study scope to RAN4 expertise, for example the different SNR side conditions/number of samples/accuracy are typical topics whereas the criteria for serving cell offloading or possible relaxation on RRM measurement should rely on other group’s input.   
Proposal 4: A study phase maybe needed in Rel-19 WI phase. RAN4 will consider at least the following aspects during WI phase: SNR side conditions; accuracy requirements; sample and measurement delay.   
Conclusion
In this contribution, we provide our considerations on LP-WUS RRM part and have the following proposals:
Proposal 1: For the serving cell measurement offloading scenario, the determination of SNR target X of LP-WUR should consider at least the possibility that the LP-WUR/MR works at a higher operating point instead of the typical Es/Iot condition like -6dB. 
Alternatively since the serving cell measurement offloading functionality has already been determined to be supported, RAN4 can investigate the new side conditions for this functionality for LP-WUR directly. 
Proposal 2: The accuracy requirement defined in section 10.1.2B of TS38.133 introduced for Rel-16 EMR can be used as the accuracy reference for study for serving cell measurement offloading to LP-WUR. 
Proposal 3: Suggest to consider possible further relaxation on the accuracy target on related measurement metric like RSRP due to simplified functionality (serving cell measurement offloading) performed by LP-WUR. 
Proposal 4: A study phase maybe needed in Rel-19 WI phase. RAN4 will consider at least the following aspects during WI phase: SNR side conditions; accuracy requirements; sample and measurement delay.   
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Appendix: Summary on RAN1 outcome on serving cell measurement offloading to LP-WUR
As serving cell RSRP/RSRQ measurement offloading to LP-WUR mechanism described in section 2, one key issue is how to guarantee the aforementioned offloading/fallback (entry/exist) behavior, i.e., the fallback behavior is triggered in time with good accuracy. In addition, the quality of serving cell measurement carried out by LP-WUR needs also be guaranteed.
To fulfill this purpose, RAN1 studied RSRP/RSRQ measurement accuracy and the results are collected in a few sections of [2]. For example as the RSRP TDL-C result listed below, for a series of SNR target x, how many resource units are used to achieve a particular accuracy requirement are investigated by RAN1. The following is an example copied from [2].   

[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

Table 8.3-7 RSRP TDL-C channel RSRP accuracy
	Resource unit [sym] range 1-10

	X=-9 Y=->
	10
	3
	10
	3
	10
	
	
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:50
	Te:0 Fe:50
	Te:2 Fe:0
	
	
	

	# samples
	1
	2
	1
	2
	2
	
	
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	1,01
	
	
	
	
	
	
	

	Source
	[8B-13]
	
	
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	
	
	
	

	# samples
	1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-3 Y=->
	1,5
	0,8
	1,5
	0,8
	5
	2,3
	2,25
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-1]
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:50
	Te:0 Fe:50
	Te:2 Fe:0
	Te:2 Fe:0
	Te:0 Fe:0
	

	# samples
	1
	2
	1
	2
	1
	2
	1
	

	Resource unit [sym] range 11-20

	X=-11 Y=->
	7,4
	7,51
	7,58
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	1
	1
	1
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	2
	2
	7
	3,5
	6,87
	7,07
	7,16
	1,38

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:50
	Te:2 Fe:0
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0

	# samples
	3
	3
	3
	1
	1
	1
	1
	1

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	5,93
	6,12
	6,29
	0,78
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0
	
	
	
	

	# samples
	1
	1
	1
	1
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-3 Y=->
	0,5
	0,5
	1,8
	
	
	
	
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:50
	Te:2 Fe:0
	
	
	
	
	

	# samples
	3
	3
	3
	
	
	
	
	

	Resource unit [sym] range 21-30

	
	
	
	
	
	
	
	
	

	X=-11 Y=->
	4,82
	5,39
	5,44
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	2
	2
	2
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	2,8
	4,93
	5,08
	5,15
	
	
	
	

	Source
	[8B-25]
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	

	# samples
	1
	2
	2
	2
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	4,27
	4,4
	4,58
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	2
	2
	2
	
	
	
	
	

	Resource unit [sym] range 31-50

	
	
	
	
	
	
	
	
	

	X=-11 Y=->
	4,34
	4,41
	4,46
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	3
	3
	3
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	1,8
	4,05
	4,15
	4,23
	
	
	
	

	Source
	[8B-25]
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	

	# samples
	1
	3
	3
	3
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	3,51
	3,62
	3,75
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	3
	3
	3
	
	
	
	
	

	Resource unit [sym] range 51-70

	X=-11 Y=->
	3,78
	3,36
	3,83
	3,37
	3,87
	3,48
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0
	
	

	# samples
	4
	5
	4
	5
	4
	5
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	3,53
	3,13
	3,6
	3,18
	3,65
	3,28
	0,57
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0
	Te:0 Fe:0
	

	# samples
	4
	5
	4
	5
	4
	5
	5
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	3,05
	2,71
	3,14
	2,78
	3,27
	2,92
	0,32
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0
	Te:0 Fe:0
	

	# samples
	4
	5
	4
	5
	4
	5
	5
	



[bookmark: _Toc144508445]8.3.4.1A	Observation RSRP LP-SS, TDL-C:  
For OOK based LP-SS RSRP measurement accuracy ([8B-1][8B-13],[8B-7],[8B-25])
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB,  [8B-13],[8B-7] show 51-70 symbols spread over 4-5 periods of LP-SS are sufficient,  [8B-13] shows 11-20 symbols spread over 1 period is sufficient.
· at SNR X=-3, to achieve 90 % accuracy of measurement +-Y<=3dB, less than 10 symbols spread over 1-2 periods is sufficient. [8B-25][8B-1]
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, [8B-25],[8B-7] show 21-30 symbols spread over 4-5 periods of LP-SS are sufficient, [8B-13] shows that 11-20 symbols within 1 period are sufficient 
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB,.  [8B-7] shows 21-30 symbols spread over 4-5 periods of LP-SS are sufficient, [8B-13] shows that 11-20 symbols within 1 period are sufficient.

RAN1’s investigation for LP-SS RSRP under AWGN channel, SSS RSRP under TDL-C channel and LP-SS RSRQ under TDL-C and AWGN channel are summarized in [2] as well as copied below. 
[bookmark: _Toc144508447]8.3.4.2A	Observation RSRP LP-SS, AWGN:  
For OOK based LP-SS RSRP measurement accuracy ( [8B-13],[8B-7][8B-25]), 
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=3dB, <=10 OFDMA symbols over 1-3 periods are sufficient.
· at SNR X=-11, to achieve 90 % accuracy of measurement +-Y<=5dB, 11-20 OFDMA symbols over 1-3 periods are sufficient.

[bookmark: _Toc144508449]8.3.4.3A	Observation for SSS RSRP RRM measurement, TDL-C
For SSS based RSRP RRM measurement accuracy ([8B-27][8B-25])
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 1 symbol is sufficient
· at SNR X=-3, to achieve 90 % accuracy of measurement +-Y<=3dB, 1 symbol is sufficient

[bookmark: _Toc144508452]8.3.5.1A	Observation RSRQ LP-SS, AWGN:  
For OOK-based LP-SS. RSRQ measurement accuracy ([8B-7])
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 11-20 OFDMA symbols over 1 period are sufficient.
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB, 11-20 OFDMA symbols over 1 period are sufficient.
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, 11-20 OFDMA symbols over 1 period are sufficient.
[bookmark: _Toc144508454]8.3.5.2A	Observation RSRQ LP-SS, TDL-C:  
For OOK-based LP-SS measurement accuracy ( [8B-7])
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 51-70 symbols over 4 periods are sufficient. 
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB, 21-30 symbols over 2 periods are sufficient. 
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, 21-30 symbols over 2 periods are sufficient. 

[bookmark: _Toc144508469]RAN1’s conclusion is also summarized at section 9.3 “LLS performance and LP-WUS design/L1 procedure” of [2] as below:
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. 
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