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1 Introduction
In RAN#101, the objectives of FS_NR_LPWUS was agreed to be revised to involve RAN4 to review the outcome of RAN1 study on serving cell RSRP/RSRQ measurement offloading to LP-WUR for IDLE/INACTIVE mode for feasibility verification [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:
· [bookmark: OLE_LINK1]LP-SS based RRM measurement for envelop detection-based LP-WUR
· [bookmark: _Hlk146657469]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 contribution, we would like to provide our views on RAN1’s outcome on serving cell RSRP/RSRQ measurement offloading to LP-WUR for IDLE/INACTIVE mode.
2 Discussion
In IDLE/INACTIVE mode, UE shall perform cell selection and reselection procedure based on SS-RSRP and SS-RSRQ measurements of the serving cells and neighbor cells. For normal UE, the SS-RSRP and SS-RSRQ measurements are performed on the main receiver. 
In Rel-18 FS_NR_LPWUS SI, UE is expected to support a separate low-power wake-up receiver which can work with ultra-low power consumption. The main receiver is supposed to be in sleep mode till the LP-WUR receives wake-up signal. To achieve power saving gain, at least serving cell RRM measurement should be offloaded from the main receiver to the LP-WUR. The feasibility of offloading serving cell RSRP/RSRQ measurement to LP-WUR for IDLE/INACTIVE mode was evaluated in RAN1. 
Based on RAN1’s progress, the existing SSB and the new introduced periodic LP-SS signal are recommended to be down-selected for LP-WUR RRM measurements. The LLS results of RRM measurement accuracy of LP-WUR were captured in the latest TR 38.869 endorsed in RAN1#114 meeting [2]. Here below we capture the observation on RSRP RRM measurement accuracy made in RAN1:
	TR 38.869 v0.4.0
…
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.
…
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.
…
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



For normal UE in RRC_IDLE/INACTIVE mode, the side condition defined for cell reselection is SSB Ês/Iot≥-4 dB. To avoid UE performance degradation, in our view, the accuracy target for LP-WUR RRM measurement should be comparable to the SSB based RRM measurement for the main receiver. RAN4 has defined the measurement accuracy requirements in 10.1.2B and10.1.7B, for UE capable of reporting RSRP and RSRQ measurements of the serving cell to higher layers. 
Table 10.1.2B.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	
	
	
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-118
	N/A
	-70

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-70

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-70

	±6
	±10.5
	³-4
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-70

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-70

	
	
	
	NR_FDD_FR1_F
	-118.5
	-115.5
	N/A
	-70

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-70

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-70

	±9.5
	±12.5
	³-4
	NR_FDD_FR1_A, NR_TDD_FR1_A, 
NR_SDL_FR1_A,
NR_FDD_FR1_B, NR_TDD_FR1_C, NR_FDD_FR1_D, NR_TDD_FR1_D, NR_FDD_FR1_E, NR_TDD_FR1_E, NR_FDD_FR1_F,
NR_FDD_FR1_G, NR_FDD_FR1_H
	N/A
	N/A
	-70
	-50

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	NR operating band groups in FR1 are as defined in clause 3.5.2.


Table 10.1.7B.1.1-1: SS-RSRQ Intra frequency absolute accuracy in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	
	
	
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-118
	N/A
	-50

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-50

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-50

	±4
	±5.5
	³-3
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-50

	
	
	
	NR_FDD_FR1_F
	-118.5
	-115.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-50

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-50

	±5
	±5.5
	³-4
	Note 2
	Note 2
	Note 2
	Note 2
	Note 2

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.
NOTE 3:	NR operating band groups in FR1 are as defined in clause 3.5.2.


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.
The noise figure for LP-WUR is still under discussion in RF section. Considering the reduced capability, the noise figure for LP-WUR is supposed to be larger than the main receiver. In our knowledge, the noise figure is supposed to have negative impact on the side condition from UE side. For example, the cell with side condition of -4dB “visible” to main receiver may be “invisible” to LP-WUR. So, we think the side condition for LP-WUR RRM measurement can be relaxed based on the conclusion on the noise figure of LP-WUR.
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.
3 Conclusion
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.
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