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1. Introduction
In RAN4#110bis, RAN4 agreed to consider missed detection rate (MDR) as performance metric and further study whether also use false alarm rate (FAR) as metric. Besides, the value of MDR needs to be further discussed[1].
	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


In this contribution, we discussed the performance metrics and REFSENS, ASCS, ACS for LP-WUR.
2. Discussion
2.1 Performance Metric
In last meeting, RAN4 agreed to consider X% MDR as performance metric and further discuss whether to use FAR[1]. In our understanding, missed detection is that when there is LP-WUS transmitted but UE does not wake up the main receiver (MR) because of low SNR or something else. False alarm is that when there is no LP-WUS transmitted but UE wakes up its MR by mistake.
According to companies’ proposals in RAN1, there are two cases when considering LP-WUS structures: (1)LP-WUS with CRC; (2)LP-WUS without CRC. Each case has its own method to check the LP-WUS.
For Case (1), CRC is configured to check whether the received LP-WUS is correct (to wake up the MR) and help to reduce FAR. If CRC check does not pass, it won’t wake up the MR, which may result in missed detection. The length of CRC bits depends on target FAR, i.e., 1% or 0.1%. The structure is supposed to be decided by RAN1 in the following meetings. Therefore, if there is CRC configured and the length of the CRC bits is decided, there is no need to consider FAR as performance metric any more.
Observation 1: If CRC is configured and the length of the CRC bits is decided, there is no need to consider FAR as performance metric.
For Case (2), since there is no CRC configured, correlation power of the received signal can be used to check whether to wake up the MR. In this case, a power threshold is needed. If the correlation power of the received signal dose not exceed the threshold while there is LP-WUS transmitted, we think this is a missed detection. The power threshold can be generated based on target FAR when there is no LP-WUS transmitted, and then use this power threshold to check MDR. Therefore, there is a tradeoff between FAR and MDR. If lower MDR is required, the power threshold should be decreased, which may lead to higher FAR.
Observation 2: If there is no CRC configured, power threshold is needed to help check LP-WUS and there is a tradeoff between MDR and FAR.
However, the LP-WUS structure has not been decided yet in RAN1. It means whether CRC is configured or not and how to derive FAR and MDR can not be decided currently. The methods to check LP-WUS based on CRC, or correlation power, or both, will have effect on performance metric. We prefer to use MDR as performance metric, but the value of MDR should wait for RAN1’s conclusion.
Proposal 1: Wait for RAN1’s conclusion on LP-WUS structure on CRC to decide the performance metric.
2.2 REFSENS
In the last meeting, RAN4 achieved the agreement that reuse legacy formula to calculate REFSENS and further discuss SNR, NF and IM[1].
	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. 


Usually, REFSENS for NR UE is expressed as
REFSENS(dBm) = kT0 + 10log10(NRB*12*SCS) + NF + SNR + IM
where some other related parameters are not included for LP-WUS, such as diversity gain, because compared to the main receiver, LP-WUR architecture is a separate Rx chain without the corresponding diversity Rx chain, i.e. 1Rx architecture, so there is no need to consider diversity gain. Therefore, to derive REFSENS, we need to decide NF, SNR and IM first.
For NF, it depends on RF architecture, which means NF would be different for different possible architectures. However, the REFSEN requirements should be defined as architecture agnostic. In SI phase, there are three types of receiver architectures for LP-WUR[2]：
-	Architecture with RF envelope detection 
-	Heterodyne architecture with IF envelope detection
-	Homodyne/zero-IF architecture with baseband envelope detection
[bookmark: OLE_LINK89]However, the reported noise figure is in the range of 12~22 dB for the first architecture, which would cause terrible sensitivity/coverage. Also considering it cannot support multiple band operation, it is proposed to exclude RF ED architecture for LP-WUR.
Proposal 2: Exclude RF envelope detection architecture for LP-WUR.
Regarding the NF values, in RAN1#116bis meeting, they achieved a conclusion to consider all three values +2dB, +5dB, +8dB on top of NF of MR (7dB), i.e., 9dB, 12dB, 15dB, as assumptions to derive the SNR to achieve the coverage of PUSCH for Message 3[3]. It should be noted that NF of MR is 9dB used in RAN4, which is 2dB higher than RAN1’s assumption.
	(RAN1) Conclusion: 
For calibration purposes, companies are encouraged to report the SNR to achieve the coverage of PUSCH for message3, at least with the following assumptions: 
· Carrier frequency: 2.6 GHz
· The number of Tx chains: 1
· MIL of MSG 3: use the average one in R17 coverage, i.e.,153.51 dB for non-redcap UE
· Transmit antenna gain correction factors for WUS: up to company report
· 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


In RAN4, we can also choose a middle value as a start point.
Proposal 3. To consider middle values of the SID’s results for OOK receiver architectures, i.e. 14 dB, as a start point.
For SNR in REFSENS formula, it should be the SNR requirement when performance metric is achieved, and should be derived based on simulation after we decide the performance metric.
As for IM, for NR main receiver it is ~2.5dB considering implementation issues. RAN4 should decide whether legacy 2.5dB can be used for LP-WUR.
Proposal 4: RAN4 should decide whether legacy 2.5dB IM can be used for LP-WUR RF requirements.
2.3 ASCS/ACS Evaluation
In the last meeting, RAN4 agreed to evaluate ASCS, ACS and guard RBs based on link level simulation[1]. 
	Agreement: 
· LLS simulation for ASCS is sufficient
· The same level PSD for LP-WUS and NR signals is assumed
Agreement: 
· The same interference level as for main radio is assumed for LP-WUR
· Guard RB number needs be evaluated by link level simulation for ACS requirements


For ASCS evaluation, RAN4 have agreed to set the same level PSD for LP-WUS and NR signals. For ACS evaluation, the same interference level as for main radio is assumed. ASCS/ACS is related to filter order, the number of guard RBs and RF impairments. Besides, the metric to evaluate ASCS/ASC and guard RBs, i.e., MDR (or together with FAR), is related to SNR and ADC bits. In this case, for link level simulation work, the relationship among ASCS/ACS, filter order, guard RBs, RF impairments, SNR, ADC bits and metric is shown in Fig. 1. What we need are the number of guard RBs, ASCS/ACS and metric. Therefore, filter order, RF impairments, SNR, ADC bit assumptions should be aligned first.
[image: ]
Fig. 1 The relationship among ASCS/ACS, filter order, guard RBs, RF impairments,
 SNR, ADC bits and metric for LLS.
Proposal 5: To evaluate ASCS/ACS and guard RBs under fixed performance metric, filter order, RF impairments, SNR, ADC bit assumptions should be aligned first.
Moreover, some basic parameters should be aligned based on RAN1’s conclusion. In RAN1#116bis meeting, they reached an agreement on PRB configuration that[3]:
	(RAN1) Agreement
From RAN1 perspective, support X PRBs for LP-WUS and LP-SS with SCS 30kHz (blanked guard RBs are not included) for a channel bandwidth equal or larger than 5MHz
· X to be down-selected between 11 and 12 PRBs 
· FFS the number of PRBs for 15kHz
· FFS if other number of PRBs needed, for LP-SS and LP-WUS with a channel bandwidth equal or less than 5MHz
· FFS: Whether the above is applicable to FR2


RAN4 can start with SCS=30kHz, PRB number=11 or 12, where channel bandwidth equal to or larger than 5MHz are supported. Besides, the location for a LP-WUS signal can be configured at both at edge and at center of channel bandwidth. 
As for waveform, both OOK-1 and OOK-4 are supported[4], and for OOK-4, M=2 and M=4 are supported[3].
	(RAN1) Agreement
For OOK-4 with M >1, support M=2 & M=4 (working assumption) for LP-WUS.
· FFS whether value of M depends on SCS
· FFS M=1 for OOK-4


In this case, RAN4 can start simulation work with OOK-1 and OOK-4 (M=2, M=4). 
Based on the discussion above, we propose the LLS simulation assumptions for ASCS/ACS evaluation. Some details can be updated if RAN1 has further conclusions in the following meeting.
Proposal 6: The LLS simulation assumptions for ASCS/ACS evaluation are shown in Table 1.
Table 1  Simulation assumptions of LLS for ASCS/ACS evaluation
	Attributes
	Assumptions

	Carrier frequency
	700MHz, 1800MHz, 2.6GHz(first priority)

	Waveform
	OOK-1/OOK-4

	Payload size
	Case 1: 8bits + 8bits CRC
Case 2: 24bits + 8bits CRC

	Chip rate
	M = 2, 4 for OOK-4

	WUS duration
	Based on payload size and coding scheme or the length of sequence

	Coding
	1/2 and 1/4 rate Manchester coding 

	Time error
	0

	RF impairments
	CFO = 0/10/20/50/200 ppm

	SCS
	15kHz, 30kHz. Same as in-band NR signal

	gNB channel BW 
	20MHz/100MHz

	WUS RB
	12RB for 30kHz SCS, 24RB for 15kHz SCS

	Guardband of NR channel, both wanted cell and interfer cell (ACS)
	27RE~810kHz for wanted cell1 20MHz (5MHz WUS at edge), 
and 510kHz for interference cell2 5MHz.

	Guard RB
	TBD

	Filter 
	3th/5th order Butterworth LPF

	ASCS evaluation requirement
	LP-WUS along with required guard RBs is packed with NR legacy DL signal on both sides. Same PSD with WUS signal

	ACS evaluation requirement
	PDSCH mapped on RBs(14RB~5MHz), one side;
EPRE of PDSCH /EPRE of LP-WUS = 31.5dB

	ADC bit width
	4-bit

	Power boosting
	0dB

	Channel model
	TDL-C 300ns

	Number of Rx for LP-WUS
	1 Rx

	UE speed
	3km/h

	Performance metric
	1% MDR



3. Conclusion
Observation 1: If CRC is configured and the length of the CRC bits is decided, there is no need to consider FAR as performance metric.
Observation 2: If there is no CRC configured, power threshold is needed to help check LP-WUS and there is a tradeoff between MDR and FAR.
Proposal 1: Wait for RAN1’s conclusion on LP-WUS structure to decide the performance metric.
Proposal 2: Exclude RF envelope detection architecture for LP-WUR.
Proposal 3. To consider middle values of the SID’s results for OOK receiver architectures, i.e. 14 dB, as a start point.
Proposal 4: RAN4 should decide whether legacy 2.5dB IM can be used in LP-WUR RF requirements. 
Proposal 5: To evaluate ASCS/ACS and guard RBs under fixed performance metric, filter order, RF impairments, SNR, ADC bit assumptions should be aligned first.
Proposal 6: The LLS simulation assumptions for ASCS/ACS evaluation are shown in Table 1.
Table 1  Simulation assumptions of LLS for ASCS/ACS evaluation
	Attributes
	Assumptions

	Carrier frequency
	700MHz, 1800MHz, 2.6GHz(first priority)

	Waveform
	OOK-1/OOK-4

	Payload size
	Case 1: 8bits + 8bits CRC
Case 2: 24bits + 8bits CRC

	Chip rate
	M = 2, 4 for OOK-4

	WUS duration
	Based on payload size and coding scheme or the length of sequence

	Coding
	1/2 and 1/4 rate Manchester coding 

	Time error
	0

	RF impairments
	CFO = 0/10/20/50/200 ppm

	SCS
	15kHz, 30kHz. Same as in-band NR signal

	gNB channel BW 
	20MHz/100MHz

	WUS RB
	12RB for 30kHz SCS, 24RB for 15kHz SCS

	Guardband of NR channel, both wanted cell and interfer cell (ACS)
	27RE~810kHz for wanted cell1 20MHz (5MHz WUS at edge), 
and 510kHz for interference cell2 5MHz.

	Guard RB
	TBD

	Filter 
	3th/5th order Butterworth LPF

	ASCS evaluation requirement
	LP-WUS along with required guard RBs is packed with NR legacy DL signal on both sides. Same PSD with WUS signal

	ACS evaluation requirement
	PDSCH mapped on RBs(14RB~5MHz), one side;
EPRE of PDSCH /EPRE of LP-WUS = 31.5dB

	ADC bit width
	4-bit

	Power boosting
	0dB

	Channel model
	TDL-C 300ns

	Number of Rx for LP-WUS
	1 Rx

	UE speed
	3km/h

	Performance metric
	1% MDR
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