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1 Introduction
With the addition of the following detailed RAN4 objectives to the LP-WUS WID in RAN#103 [1], RAN4 needs to start the works for specifying corresponding UE RF requirements for LP-WUS/LP-WUR:
	· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements



During the discussion in RAN#103, some concern was raised on whether or not to still stick to the terminology of “REFSENS” since the conventional 95% principle seems not applicable here, however the common understanding is that there should be an equivalent requirement acting for the same purpose as REFSENS. Since the same terminology is used, we present some initial thoughts and an alternative method to derive the required SNR for REFSENS for LP-WUR/LP-WUS. 
2 Discussion
Without loss of generality, FR1 REFSENS is derived according to the following equation if diversity is not considered:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM                     (1)
where the first two items are determined by physics nature, and the rest three items are
· NF: noise figure
· SNR: the required Signal-to-Noise-Ratio for the intended signal
· IM: implementation margin
Actually, these items have been extensively studied and discussed for the main radio (MR) when producing the first 5G NR specs, and eventually REFSENS is derived by assuming NF = 9dB (10.5/10/10 for n77/n78/n79), SNR = -1dB, and IM = 2.5dB. SNR is corresponding to the level where a 95% of maximum throughput is achieved.
For the LP-WUR/WUS, i.e., low power radio (LR), the corresponding Rel-18 study item has also discussed from different aspects, e.g., receiver architectures, modulation schemes etc [2].
Noise figure (NF)
As the study item outcome states that, 
Generally, noise figure and power consumption are competing specifications, it is very challenging to achieve both low noise figure and low power consumption at the same time, and power consumption typically increases when sensitivity is improved. There is a delicate balance between lower power consumption, e.g., higher noise figure, and system performance.
For the sake of low power and low cost’s purpose, a higher LR NR compared with MR for the same band can be expected, and during the study item phase, a variety of ranges were assumed for coverage evaluation purpose [2]:
	For LP-WUS coverage evaluation, the noise figure of LP-WUR is 
-	Options : 9, 12, 15, 18, 21, 24 dB, Other values can be reported by companies



When contemplating various receiver designs, it's possible to consider different options. However, to streamline standardization efforts and benefit from prior research, one approach is to set a fixed offset for the LR noise figure in addition to the MR noise figure for the corresponding frequency band, thereby deriving REFSENS. RAN4 can then explore and determine the specific value of this fixed offset. 
Proposal 1: LR noise figure is set to a fixed offset plus the MR noise figure for the same band to derive REFSENS, and RAN4 can further discuss and determine the specific value of the fixed offset.
SNR
As stated previously, the principle of 95% maximum throughput is not applicable for LP-WUS. However, if we assume the same bit error rate (Pe) for each information bit in a LP-WUS block, then SNR can be derived accordingly.
Suppose the number of information bit in one LP-WUS block is N, then literally the block error rate (BLER) is:
BLER = 1 – (1 – Pe)N                                        (2)
Then the bit error rate Pe can be calculated as:
Pe = 1 - 10(1/N * log10(0.95))                                      (3)
Finally choose the corresponding SNR for Pe for deriving REFSENS. In this way, a similar principle is literally applied.
Proposal 2: Set SNR corresponding to a bit error rate Pe = 1 - 10(1/N * log10(0.95)) assuming the same bit error rate for each information bit in one LP-WUS block.

3 Conclusion
In this contribution, we have the following proposals for deriving REFSENS for LP-WUS/LP-WUR:
Proposal 1: LR noise figure is set to a fixed offset plus the MR noise figure for the same band to derive REFSENS, and RAN4 can further discuss and determine the specific value of the fixed offset.
Proposal 2: Set SNR corresponding to a bit error rate Pe = 1 - 10(1/N * log10(0.95)) assuming the same bit error rate for each information bit in one LP-WUS block.
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