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Introduction
In RAN4#110-bis meeting, a WF [1] was approved, in which there were remaining open issues as listed. This contribution continues to be discussed as follows.
Discussion
Content of REFSENS requirements
Performance metric for REFSENS
	Agreement: 
· Use X% missed detection rate as the starting point for performance metric for LP-WUS RF requirements
· FFS on X values
· FFS on whether to have false alarm rate


At the last meeting, companies had some controversial views about the rate of missed detection rate and false alarm rate. Missed detection rate is the percentage of UEs that receive LP-WUS from network successfully, if LP-WUS is transmitted from the network. False alarm rate is the percentage of UEs that receive LP-WUS if LP-WUS is not transmitted from the network. 
False alarm rate
As we all known, the false alarm rate is related to CRC length, we can roughly calculate the false alarm rate by some equations according to the length of CRC. Thus, we do not need to define requirements for false alarm rate. 
However, it is not sure that whether we need CRC or not until now, according to RAN1’s progress. If CRC is not existing (e.g., OOK sequences based information carrying), maybe defining a false alarm rate is necessary.
Proposal 1: Whether we should define requirements of false alarm rate depends on RAN1’s progress.
Missed detection rate
The performance metric is 1% probability of miss-detection of the downlink scheduling grant for PDCCH, which can be seen in Table 5.3.2.1.1-1 in TS 38.101-4. A. Therefore, it is reasonable to use 1% missed detection rate as the performance metric for LP-WUS RF requirements.
Table 5.3.2.1.1-1: Minimum performance for PDCCH with 15 kHz SCS
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 
	24
	2
	2
	R.PDCCH. 1-2.1 FDD
	TDLA30-10
	1x2 Low
	1
	8.1

	2
	10 
	24
	2
	2
	R.PDCCH. 1-2.3 FDD
	TDLC300-100
	1x2 Low
	1
	8.2

	3
	10 
	48
	2
	4
	R.PDCCH. 1-2.4 FDD
	TDLA30-10
	1x2 Low
	1
	5.5

	4
	10 
	48
	1
	4
	R.PDCCH.1-1.1 FDD 
	TDLA30-10
	1x2 Low
	1
	4.4

	5
	10
	48
	2
	16
	R.PDCCH. 1-2.6 FDD
	TDLA30-10
	1x2 Low
	1
	-2.1


Proposal 2: 1% missed detection rate can be used as a performance metric for REFSENS.
How to specify REFSENS requirements
	Agreement: 
· Reuse legacy approach to derive REFSENS, further discuss SNR, NF, IM
· FFS whether to design REFSENS requirements or other requirements to ensure LP-WUR meet the coverage target
· Side condition for REFSENS test: DL test signal will only have LP-WUS signal. 


For below 6GHz, the REFSENS level can be calculated by the equation below.
Sensitivity (dBm) = -174dBm (KT)+NF+10log (RX BW)-Diversity gain+ SNR+IM
Diversity gain
If 1RX is considered, the diversity gain is 0dB.
IM
The Implementation Margin (IM) we also could use 2.5dB because for handheld UE or other form factor terminals with more antennas and combinations are supported. 
SNR
With regard to RAN1 is discussing target for LP-WUS design comparison purpose, we can wait for RAN1’s conclusion. Since RAN1 may use the target SNR for LP-WUS design comparison purpose instead of requirement purpose, as an alternative, RAN4 can derive the target SNR based on the performance metric for REFSENS.
Proposal 3: The target SNR, we can wait for RAN1’s conclusion.
NF
As to noise figure (NF), we could refer to NF part in RAN1 evaluation. RAN1’s conclusion about NF as follow.
According to the RAN1’s conclusion, FSK based LP-WUS has been precluded due to complexity and no additional benefits. Therefore, we should focus on OOK based LP-WUS and OFDM based LP-WUS. At the same time, RAN1’s conclusion in RAN1#116bis about NF is that all three values +2dB, +5dB, +8dB on top of NF of MR (7dB) are to be reported. Based on the above information, NF can be define as delta NF on top of MR. I.e., OOK based LP-WUS is + 8 dB and OFDM based LP-WUS is +2 dB on top of MR.
Proposal 4: NF can be defined as delta NF on top of MR (e.g., OOK based LP-WUS is + 8 dB and OFDM based LP-WUS is +2 dB on top of MR).
To sum up, REFSENS requirements including so many factors, that is NF is related to the evaluation of RF architecture, SNR is related to coverage. Therefore, defining RFFSENS requirements to ensure the LP-WUS coverage target.
Proposal 5: Define REFSENS requirements to ensure LP-WUR meet the coverage target.
[bookmark: _GoBack]Conclusions
In this paper, we provide our views on RX requirements of REFSENS, we have made the following proposals. 
Proposal 1: Whether we should define requirements of false alarm rate depends on RAN1’s progress.
Proposal 2: 1% missed detection rate can be used as a performance metric for REFSENS.
Proposal 3: The target SNR, we can wait for RAN1’s conclusion.
Proposal 4: NF can be defined as delta NF on top of MR (e.g., OOK based LP-WUS is + 8 dB and OFDM based LP-WUS is +2 dB on top of MR).
Proposal 5: Define REFSENS requirements to ensure LP-WUR meet the coverage target.
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