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Introduction
In last RAN4 #111 meeting, The Rx requirements were discussed and some agreements were approved in WF [1].
This contribution further discuss on the REFSENS, ASCS and ACS requirements for LP-WUR.
 Discussion
In last RAN4 meeting, the performance metric for LP-WUS RF requirements was agreed using X% missed detection rate as the starting point, and whether to have false alarm rate is FFS.
Firstly, in my understanding, missed detection are different from false alarm. Missed detection rate (MDR) should be

Where A is the number of correctly decoded bits and B is the number of transmitted bits. False alarm rate is the conditional total probability of erroneous detection when input is only noise and related to the setting of the demodulation threshold. Therefore, false alarm rate is a demodulation requirement. Therefore, whether to have false alarm rate should discuss in demodulation part not in FR part. 
Proposal 1: False alarm rate is a demodulation requirement related to the setting of the demodulation threshold. Whether to have false alarm rate should discuss in demodulation part not in FR part.
Proposal 2: using 1% missed detection rate as the starting point in the LLS.
And the WF has agreed that for REFSENS:
· 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. 
· After concluding WUS design in RAN1, the SNR to specify REFSENS requirements should be decided in RAN4
· Encourage companies input on NF analysis for different LP-WUR types
RAN4 need first discuss the possible NF to derive REFSENS based on different LP-WUR types.
In SI state, RAN4 agreed that will derive RF requirement based on NF which is feasible from coverage and implementation perspective
In SID, RAN1 research different NR for different architectures based on different waveform, and the related conclusion in TR 38.869 were excerpted below:
For OOK-1/2/4:
· RF envelope detection
· The relative power consumption for ON state is in the range of 0.01~0.2.
· The noise figure is in the range of 12~22 dB.
· Heterodyne architecture with IF envelope detection
· The relative power consumption for ON state is in the range of 0.1~4.
· The noise figure is in the range of 9~15 dB.
· Homodyne/zero-IF architecture with baseband envelope detection
· The relative power consumption for ON state is in the range of 0.05~4.
· The noise figure is in the range of 10~16 dB
For OFDM based
· Time-domain correlation (without FFT)
· The relative power consumption for ON state is in the range of 0.15~30.
· The noise figure is in the range of 7~25 dB.
· Frequency-domain correlation (with FFT)
· The relative power consumption for ON state is in the range of 1~30.
· The noise figure is in the range of 7~12 dB
In RAN1 #116bis meeting, RAN1 using follow assumption for NF to research the SNR:
· Noise Figure: All three values +2dB, +5dB, +8dB on top of NF of MR (7dB) are to be reported, SNR for different assumptions on NF are determined separately.
Therefore, RAN4 can use similar method to define the NF for LP-WUS.
Proposal 3: RAN4 can use the same assumption that +2dB, +5dB, +8dB on top of NF of MR (9dB) for LR’s NF as the starting point to evalue the feasible from coverage and implementation perspective.
Regarding the ACS, ASCS and related guard RB, the WF in last meeting has agreed that ACS and ASCS reuqirements and related guard RB number can be evaluated by link level simulation:
For ASCS:
· The same level PSD for LP-WUS and NR signals is assumed
· RF impairments can be considered and aligned for ASCS simulation
For ACS:
· The same interference level as for main radio is assumed for LP-WUR
For other simulation parameter will be discussed in this meeting using SI assumption as a starting point, and the RF impairments can first consider CFO as using in SI state, whether ADC considered for RF impairments can further discuss:
Table 2.1-1 Link level simulation assumptions
	Parameter
	Value 

	Carrier frequency
	700MHz/2.6GHz

	gNB CBW
	20/100MHz

	SCS of OFDM generator for NR signal
	30kHz

	Channel Model
	TDL-C 300 NLOS

	LP-WUR Waveform
	OOK(OOK1 or OOK4) with or without overlaid OFDM sequence(s)

	LP-WUR Channel bandwidth
	11RB (30kHz SCS))

	LP-WUR Rx number
	1 Rx

	WUS placement within NR channel
	case 1: Center; 

	LP-WUR ASCS interferer
	5MHz

	WUS duration
	28 symbols

	NR power level
	Same PSD with WUS signal 

	Filter characteristic
	5th order Butterworth

	Filter passband BW
	Same as WUS bandwidth (number of RBs)

	Guard RB
	On each side of LP-WUS bandwidth

	RF impairments
	CFO: 100ppm and 200 ppm

	Performance metric
	1% missed detection rate


Proposal 4: Using link level simulation assumptions in Table 2-1 as the starting point, whether ADC considered for RF impairments can further discuss.
Conclusion
In this contribution, we discussed the REFSENS, ASCS and ACS requirements for LP-WUR and proposed:
Proposal 1: False alarm rate is a demodulation requirement related to the setting of the demodulation threshold. Whether to have false alarm rate should discuss in demodulation part not in FR part.
Proposal 2: using 1% missed detection rate as the starting point in the LLS.
Proposal 3: RAN4 can use the same assumption that +2dB, +5dB, +8dB on top of NF of MR (9dB) for LR’s NF as the starting point to evalue the feasible from coverage and implementation perspective.
Proposal 4: Using link level simulation assumptions in Table 2-1 as the starting point, whether ADC considered for RF impairments can further discuss.
	Parameter
	Value 

	Carrier frequency
	700MHz/2.6GHz/4GHz

	gNB CBW
	20/100MHz

	SCS of OFDM generator for NR signal
	30kHz

	Channel Model
	TDL-C 300 NLOS

	LP-WUR Waveform
	OOK(OOK1 or OOK4) with or without overlaid OFDM sequence(s)

	LP-WUR Channel bandwidth
	11RB (30kHz SCS))

	LP-WUR Rx number
	1 Rx

	WUS placement within NR channel
	case 1: Center; 

	LP-WUR ASCS interferer
	5MHz

	WUS duration
	28 symbols

	NR power level
	Same PSD with WUS signal 

	Filter characteristic
	5th order Butterworth

	Filter passband BW
	Same as WUS bandwidth (number of RBs)

	Guard RB
	On each side of LP-WUS bandwidth

	RF impairments
	CFO: 100ppm and 200 ppm

	Performance metric
	1% missed detection rate
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