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Introduction
This email summary covers the discussions in AI 8.20 for Rel-18 LP-WUS/WUR SI.
Topic #1: LP-WUR architectures
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311233
	Apple
	
Proposal 1:	RAN4 shall continue to study the scenario of WUS in a separate band from the main radio.


	R4-2311234
	Apple
	Proposal 1:	RAN4 shall study the impact of both separate band WUS and in-band WUS system architectures on the WUS misdetection rate in the context of system level coexistence simulations.

[bookmark: _Hlk142987141]Observation 1:	Coexistence simulations evaluating separate band WUS can establish the feasibility of the corresponding system architecture.
Observation 2:	Coexistence simulations can establish a comparison on the basis of WUS misdetection rate increase between separate band and in-band WUS system architectures.

	R4-2311294
	Murata Manufacturing Co Ltd.
	Observation 1: Simulations show ~8dB gain in ASCS when 4 guard RBs (15KHz SCS) are used.
Observation 2: Maximum target WUS SNR is limited by the amount of degradation of phase noise and non-linearity.
Proposal 1: Use [4] Guard RBs (15KHz SCS) for ASCS or option 2 from RAN1 LS.
Proposal 2: Use [4] Guard RBs (15KHz SCS) for ACS or option 2 from RAN1 LS. If WUS is located at the channel BW edge, apply additional guard band on the jammer side so that the combined WUS BW and the additional guard band is equivalent to the jammer BW.


	R4-2311502
	Nokia, Nokia Shanghai Bell
	Observation 1: Power of the out-of channel interferer will be approximately the same as adjacent sub-carrier interferer after channel filtering.
Observation 2: There is a trade-off between filter-order and number of guard RBs. A larger filter order will have sharper roll-off and may require a smaller guard RBs; but this comes at the cost of higher filter complexity and power consumption.
Observation 3: Higher CFO will lead to larger guard RBs.
Observation 4: A higher target interference level will lead to higher guard requirements. Further, lots of other factors, such as waveform type etc., will dictate the target value.
Observation 5: Overall bandwidth of WUS along with guard RBs can become higher than 5 MHz based on filter order and target interference levels.
Proposal 1: Guard RBs required shall be governed by target interference level, filter order along with maximum allowed level of CFO.
Proposal 2: Overall bandwidth of WUS i.e., desired signal along with the required guard RBs shall fit 5 MHz.
Observation 6: Guard RBs are part of the WUS signals and will be treated as a single entity from scheduling point of view by the gNB.
Proposal 3: Guard RBs are part of the WUS signal and should not be used for any other NR signal.


	R4-2311812
	CMCC
	Observation 1: final ACS could be categorized by different UE types with different power consumption assumption.
Observation 2: if we assume the same coverage as normal UE, target ACS is about 32dB for 9dB NF, 26dB for 15dB NF and 17dB for 24dB NF.
Observation 3: 2PRB (15kHz SCS) is enough to achieve 26dB ACS and 4PRB is enough to achieve 32dB ACS for 5th ButterWorth filter.
Observation 4: the case when LP-WUS occupy the whole operation band will not require additional RF requirements or new architecture. It’s better to discuss this issue in formal work item stage. 
Observation 5: if RAN4 finally approve to define LP-WUS dedicated operation band, band 28 and band 41 are suggested as example band which has been globally deployed by many operators.


	R4-2311902
	Qualcomm Inc.
	Observation 1: Based on the most recent LS RAN1 is looking also into RF architectures support FSK and OFDMA and not only analog envelope detection.
Observation 2: RF signal levels observed at antenna connector are similar for wake-up receiver and main receiver.
Observation 3: While IF-filter can provide good selectivity against adjacent channels and even in-channel subcarriers which are not immediately adjacent to WUS, the selectivity may suffer if WUS location is flexible.
Observation 4: IF-filter size and cost and their impact to practicality of the WUR design may be prohibitive aspects and need to be considered in IF envelope detection feasibility.
Observation 5: ACI dominates the received SINR and SINR never reaches acceptable levels when WUS is placed immediately adjacent to system BW edge.
Observation 6: With 4RB, i.e. 1.44 MHz with 30 kHz SCS, guardband from the edgemost usable RB at 20 MHz RF channel edge, performance is 
· Not acceptable with 6 MHz filter BW
· Barely acceptable with 5th order filter and 5 MHz filter MHz
· Acceptable with 4th and 5th order filter with 4.32 MHz filter
These results do not consider non-linearities, phase noise, frequency error or practical filter implementation imperfections. For 15 kHz SCS the NR channel GB is narrower and worse performance is expected.
Observation 7. With 3 RB, i.e. 1.08 MHz GB, only fifth order filter results in acceptable performance with 4.32 MHz filter. For 15 kHz SCS the NR channel GB is narrower and worse performance is expected.
Observation 8: Low power consumption needs to be balanced with negative impacts to performance.
Proposal 1: Remove RF envelope detector from RAN4 study scope and inform the decision to RAN1
Proposal 2: inform RAN1 that analog envelope detection architectures will perform poorly or require a complex implementation if WUS is placed immediately adjacent to channel edge. To improve the likelihood of successful operation and allowing possibilities for low-power implementation, greater than 1.44 MHz offset from outermost RB edge at channel edge is needed, but exact value needs further study. For architectures using digital detection, placing WUS away from channel edge can enable use of simpler RF HW and power savings.
Proposal 3: Capture the results in TR 38.869 as in the attached text proposal
Proposal 4: Inform RAN1 that required NF can be concluded based on coverage target, which is expected to full coverage of the cell, and SNR where wake-up signal can be successfully detected. For reference, 9 dB NF and -1 dB SNR is used for typical NR UE in reference sensitivity test case, but typical NR UE also has 2 receivers. RAN1 should take into account in wake-up signal design that lower SNR will enable higher NF and therefore also lower power consumption. 9 dB noise figure would not be possible to reach at least with RF envelope detection.

	R4-2312248
	Huawei, HiSilicon
	Proposal 1: Given poor coverage performance, incapability of supporting of multi-band operation and poor frequency selectivity, it is proposed to rule out RF ED LP-WUS architecture for the following RAN4 evaluation.
Proposal 2: It is proposed to use 1% BLER as metric for guard RB evaluation.
Observation 1: For waveform options of OOK-2, FSK-1 and FSK-2, since segmented RB allocations are considered, several filters would be needed to filter out the interference in contrast to a single filter used for OOK-1 and OOK-4.
Observation 2: For candidate waveform options requiring larger single filter implementation, e.g. OOK-1 and OOK-4, as the OOB filter rejection could be worse than the smaller filter adopted for segmented waveform options, worse performance could be observed for insufficient guard band. 
Observation 3: For the evaluated waveform options of OOK-1, OOK-2, OOK-4, FSK-1 and FSK-2, one 30kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR carrier.
Proposal 3: For 5th order Butterworth filter assumption, it is proposed to reserve 1 RB for 30kHz SCS or 2RBs for 15kHz SCS for protection of LP-WUS from interference of the adjacent NR carrier.
Observation 4: Different from ACS cases, waveform options requiring larger single filter implementation and consequently having less sharp out-of-band frequency response could have relatively better performance, which depends on the guard size between two adjacent WUS segmented block.
Observation 5: Less guard RB is required for ICS compared to ACS between LP-WUS and NR signals.
Observation 6: Considering frequency offset impact, one 15kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR sub-carriers.
Proposal 4: For 5th order Butterworth filter assumption, it is proposed to reserve 180kHz guard RB (size of one RB for 15kHz SCS) for protection of LP-WUS from interference of the adjacent NR carrier. 
Proposal 5: No further discussion of dedicated band for LP-WUS in RAN4.
Observation 7: Since power is shared between LP-WUS and NR signals, the power boosting of LP-WUS may have impact to the NR coverage.
Proposal 6: It is proposed to send the information to RAN1 that power boosting is limited to the case that coverage of NR should not be impacted. 

	R4-2312570
	vivo
	Proposal 1: The evaluation results of ASCS vs guard RBs in Table 2 and corresponding evaluation parameters in Table 1 can be considered as RAN4 outcome in reply LS to RAN1, and recorded in TR 38. 869. 
[bookmark: _Hlk142992964]Proposal 2: The evaluation results of ACS vs guard RBs in Table 4 and corresponding evaluation parameters in Table 3 can be considered as RAN4 outcome in reply LS to RAN1, and recorded in TR 38. 869.
Proposal 3: The guard RBs at channel edge for LP-WUS ACS suppression is not mandated to be empty RBs but also can be used for NR downlink signal within the channel.
Proposal 4: For other WUS position, the required guard RBs could be the value between case 1 and case 2.
Proposal 5: LP-WUS can be flexible located within NR carrier as long as the required guard RBs are configured.    
Proposal 6: The analysis outcome of two approaches (interference suppression ratio analysis and link-level simulation) can both be considered, and outcome can be recorded in RAN1 TR.    
Proposal 7: RAN4 further discuss the NF based on the outcome of SNR and coverage in RAN1. 
Proposal 8: Reuse existing RE power control dynamic range of BS in TS 38.104 for LP-WUS. 
Proposal 9: RAN4 further check the feasibility of 6dB power boosting for LP-WUS assumed by RAN1.

	R4-2312571
	vivo
	[Draft] Reply LS to RAN1 on low-power wake-up receiver architectures

	R4-2312572
	vivo
	[Draft] TP to TR 38.869 on LP-WUS receiver architectures

	R4-2312926
	OPPO, CAICT
	Proposal: The ACS evaluation and requirement only apply to the case that WUS signals locate at the edge of NR channel. And ASCS evaluation and requirement apply to any placement of WUS signals.

	R4-2313199
	Sony
	Observation 1	The RF envelope-detection based architecture has the highest potential for power saving but has implementation difficulties when it comes to channel filtering.
Observation 2	The coverage is determined by a combination of the LP-WUR design and the LP-WUS design.
Observation 3	There is a delicate balance between complexity/energy consumption and coverage and network resources.
Observation 4	In order not to waste precious resources such as device current consumption and/or network resources, it is essential to find a good compromise between the LP-WUR design and LP-WUS design.
Observation 5	The order of the filter should be considered in order to facilitate a SAW-less design.
Proposal 1	The filter assumption for guard band size evaluation shall be reasonable for low-cost device.
Proposal 2	The LP-WUR could adapt its sensitivity level according to the prevailing situation in order not to consume unnecessary power.

	R4-2313476
	Ericsson
	Proposal-1:ACS requirement should be further discussed in the context of the guard band.
Observation 1 Higher frequency offset is preferred (> 5MHz) between the WUS and ACS interfere as this improves the link performance.
Observation 2 If the filter order is higher than and equal to 2, smaller guard RB (1 to 2 RB) is sufficient between adjacent subcarrier of eMBB signal and a WUS signal.
Observation 3 It the filter order is too low, the guard RB does not help to improve the ASCS selectivity.


Open issues summary
[bookmark: _Hlk128049085]Sub-topic 1-1 UE ACS vs Guard RB evaluation
Issue 1-1-1: Required number of guard RBs for LP-WUS ACS
· Observations and Proposals
· Observation 1: if we assume the same coverage as normal UE, target ACS is about 32dB for 9dB NF, 26dB for 15dB NF and 17dB for 24dB NF. (CMCC)
· Observation 2: 2PRB (15kHz SCS) is enough to achieve 26dB ACS and 4PRB is enough to achieve 32dB ACS for 5th ButterWorth filter. (CMCC)
· Observation 3: With 4RB, i.e. 1.44 MHz with 30 kHz SCS, guardband from the edgemost usable RB at 20 MHz RF channel edge, performance is (Qualcomm)
· Not acceptable with 6 MHz filter BW
· Barely acceptable with 5th order filter and 5 MHz filter MHz
· Acceptable with 4th and 5th order filter with 4.32 MHz filter
· Observation 4: With 3 RB, i.e. 1.08 MHz GB, only fifth order filter results in acceptable performance with 4.32 MHz filter. For 15 kHz SCS the NR channel GB is narrower and worse performance is expected (Qualcomm)
· Observation 5: For the evaluated waveform options of OOK-1, OOK-2, OOK-4, FSK-1 and FSK-2, guard RB with the size of one 30kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR carrier. (Huawei)
· Proposal 1: Use [4] Guard RBs (15KHz SCS) for ACS or option 2 from RAN1 LS. If WUS is located at the channel BW edge, apply additional guard band on the jammer side so that the combined WUS BW and the additional guard band is equivalent to the jammer BW. (Murata)
· Proposal 2: Guard RBs required shall be governed by target interference level, filter order along with maximum allowed level of CFO. (Nokia)
· Proposal 3: inform RAN1 that analog envelope detection architectures will perform poorly or require a complex implementation if WUS is placed immediately adjacent to channel edge. To improve the likelihood of successful operation and allowing possibilities for low-power implementation, greater than 1.44 MHz offset from outermost RB edge at channel edge is needed, but exact value needs further study. For architectures using digital detection, placing WUS away from channel edge can enable use of simpler RF HW and power savings. (Qualcomm)
· Proposal 4: For 5th order Butterworth filter assumption, it is proposed to reserve 1 RB for 30kHz SCS or 2RBs for 15kHz SCS for protection of LP-WUS from interference of the adjacent NR carrier. (Huawei)
· Proposal 5: The evaluation results of ACS vs guard RBs in Table 4 and corresponding evaluation parameters in Table 3 can be considered as RAN4 outcome in reply LS to RAN1, and recorded in TR 38. 869. (vivo)
· Proposal 6: Overall bandwidth of WUS i.e., desired signal along with the required guard RBs shall fit 5 MHz. 
· Recommended WF
· TBA

Moderator Summary for suggested ACS guard RB:
	Filter order/Guard RB
	Huawei, vivo, CMCC
	Murata
	Qualcomm
	Nokia
	Other

	5th order
	1RB for 30KHz SCS;
or 2RBs for 15kHz SCS
	2RBs for 30kHz SCS;
or 4RBs for 15kHz SCS
	3RBs for 30kHz SCS;
or 6RBs for 15kHz SCS
	540kHz;
	

	4th order
	TBA
	TBA
	4RBs for 30kHz SCS;
 or 8RBs for 15kHz SCS
	
	

	3rd order
	TBA
	TBA 
	TBA
	972kHz
	




Issue 1-1-2: Whether ACS Guard RB at channel edge should be empty RB, or can also be used for NR signal  
· Proposals
· Proposal 1: The guard RBs at channel edge for LP-WUS ACS suppression is not mandated to be empty RBs but also can be used for NR downlink signal within the channel. (vivo)
· Proposal 2: Guard RBs are part of the WUS signal and should not be used for any other NR signal. (Nokia)
· Recommended WF
· TBA

Issue 1-1-3: Link-level simulation based guard RB analysis
· Proposals
· Proposal 1: It is proposed to use 1% BLER as metric for guard RB evaluation. (Huawei)
· Proposal 2: The analysis outcome of two approaches (interference suppression ratio analysis and link-level simulation) can both be considered, and outcome can be recorded in RAN1 TR. (vivo)
· Recommended WF
· TBA

Sub-topic 1-2 UE ASCS evaluation
Issue 1-2-1: required Guard RBs for LP-WUS ASCS 
· Observations and Proposals
· Observation 1: Less guard RB is required for ICS compared to ACS between LP-WUS and NR signals. (Huawei)
· Observation 2: Considering frequency offset impact, guard RB with the size of one 15kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR sub-carriers. (Huawei)
· Observation 3: If the filter order is higher than and equal to 2, smaller guard RB (1 to 2 RB) is sufficient between adjacent subcarrier of eMBB signal and a WUS signal. (Ericsson)
· Observation 4: If the filter order is too low, the guard RB does not help to improve the ASCS selectivity. (Ericsson)
· Proposal 1: For 5th order Butterworth filter assumption, it is proposed to reserve 180kHz guard RB (size of one RB for 15kHz SCS) for protection of LP-WUS from interference of the adjacent NR carrier. (Huawei)
· Proposal 2: The evaluation results of ASCS vs guard RBs in Table 2 and corresponding evaluation parameters in Table 1 can be considered as RAN4 outcome in reply LS to RAN1, and recorded in TR 38. 869. (vivo)
· Proposal 3: Use [4] Guard RBs (15KHz SCS) for ASCS or option 2 from RAN1 LS. (Murata)
· Recommended WF
· TBA

Moderator Summary for suggested ASCS guard RB:
	Filter order/Guard RB
	vivo
	Huawei
	Ericsson
	Murata
	Nokia
	Other

	5th order
	1RB for 15kHz;
 Or 0.5RB for 30KHz SCS
	1RB for 15kHz;
 Or 0.5RB for 30KHz SCS
	1RB or 2RB;
	2RBs for 30kHz SCS;
or 4RBs for 15kHz SCS
(filter order?) 
	0 ppm 540kHz;
	

	4th order
	
	
	1RB or 2RB;
	
	
	

	3rd order
	2RB for 15kHz; or 1RB for 30KHz SCS
	
	1RB or 2RB;
	
	0 ppm 972kHz
	



Issue 1-2-2: WUS location within the carrier
· Proposals
· Proposal 1: LP-WUS can be flexible located within NR carrier as long as the required guard RBs are configured. (vivo)
· Proposal 2: The ACS evaluation and requirement only apply to the case that WUS signals locate at the edge of NR channel. And ASCS evaluation and requirement apply to any placement of WUS signals. (OPPO)
· Recommended WF
· TBA

Issue 1-2-3: Order of filter for consideration 
· Observations and Proposals
· Observation 1: The order of the filter should be considered in order to facilitate a SAW-less design. (Sony)
· Observation 2: There is a trade-off between filter-order and number of guard RBs. A larger filter order will have sharper roll-off and may require a smaller guard RBs; but this comes at the cost of higher filter complexity and power consumption. (nokia)
· Proposal 1: The filter assumption for guard band size evaluation shall be reasonable for low-cost device. (Sony)
· Recommended WF
· TBA

Sub-topic 1-3 UE Noise figure 
Issue 1-3-1: Required Noise Figure 
· Proposals
· Proposal 1: Inform RAN1 that required NF can be concluded based on coverage target, which is expected to full coverage of the cell, and SNR where wake-up signal can be successfully detected. For reference, 9 dB NF and -1 dB SNR is used for typical NR UE in reference sensitivity test case, but typical NR UE also has 2 receivers. RAN1 should take into account in wake-up signal design that lower SNR will enable higher NF and therefore also lower power consumption. 9 dB noise figure would not be possible to reach at least with RF envelope detection. (Qualcomm)
· Proposal 2: RAN4 further discuss the NF based on the outcome of SNR and coverage in RAN1. (vivo)
· Recommended WF
· TBA

Sub-topic 1-4 WUS power boosting
Issue 1-4-1: LP-WUS power boosting without NR impacted
· Proposals
· Proposal 1: It is proposed to send the information to RAN1 that power boosting is limited to the case that coverage of NR should not be impacted. (Huawei)
· Proposal 2: Reuse existing RE power control dynamic range of BS in TS 38.104 for LP-WUS. (vivo)
· Recommended WF
· TBA

Issue 1-4-2: other LP-WUS power boosting level, trggered by RAN1
· Proposals
· Proposal 1: RAN4 further check the feasibility of 6dB power boosting for LP-WUS assumed by RAN1. (vivo)
· Recommended WF
· TBA

Sub-topic 1-5 Dedicated LP-WUS operation band 
Issue 1-5-1: Separated band for LP-WUS operation 
· Observations and Proposals
· Observation 1: the case when LP-WUS occupy the whole operation band will not require additional RF requirements or new architecture. It’s better to discuss this issue in formal work item stage. (CMCC)
· Observation 2: if RAN4 finally approve to define LP-WUS dedicated operation band, band 28 and band 41 are suggested as example band which has been globally deployed by many operators. (CMCC)
· Proposal 1: RAN4 shall continue to study the scenario of WUS in a separate band from the main radio. (Apple)
· Proposal 2: No further discussion of dedicated band for LP-WUS in RAN4. (Huawei)
· Recommended WF
· TBA

Issue 1-5-2: Coexistence simulations evaluating for LP-WUS operation 
· Proposals
· Proposal 1: RAN4 shall study the impact of both separate band WUS and in-band WUS system architectures on the WUS misdetection rate in the context of system level coexistence simulations. (Apple)
· Recommended WF
· TBA

Sub-topic 1-6 LP-WUR architectures  
Issue 1-6-1: RF architecture 
· Observations and Proposals
· Observation 1: The RF envelope-detection based architecture has the highest potential for power saving but has implementation difficulties when it comes to channel filtering. (Sony)
· Proposal 1: Remove RF envelope detector from RAN4 study scope and inform the decision to RAN1. (QC)
· Proposal 2: Given poor coverage performance, incapability of supporting of multi-band operation and poor frequency selectivity, it is proposed to rule out RF ED LP-WUS architecture for the following RAN4 evaluation. (Huawei)
· Proposal 3: The LP-WUR could adapt its sensitivity level according to the prevailing situation (i.e. deployment for a device with very low or zero mobility) in order not to consume unnecessary power. (Sony)
· Recommended WF
· TBA

Issue 1-6-2: IF architecture 
· Observations 
· Observation 1: While IF-filter can provide good selectivity against adjacent channels and even in-channel subcarriers which are not immediately adjacent to WUS, the selectivity may suffer if WUS location is flexible. (QC)
· Observation 2: IF-filter size and cost and their impact to practicality of the WUR design may be prohibitive aspects and need to be considered in IF envelope detection feasibility. (QC)
· Recommended WF
· TBA

Topic #2: TPs and LS to RAN1
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2312571
	vivo
	[Draft] Reply LS to RAN1 on low-power wake-up receiver architectures

	R4-2312572
	vivo
	[Draft] TP to TR 38.869 on LP-WUS receiver architectures

	R4-2311902
	Qualcomm Inc.
	Proposal 3: Capture the results in TR 38.869 as in the attached text proposal

	R4-2313476
	Ericsson
	Proposal-1:ACS requirement should be further discussed in the context of the guard band.
Observation 1 Higher frequency offset is preferred (> 5MHz) between the WUS and ACS interfere as this improves the link performance.
Observation 2 If the filter order is higher than and equal to 2, smaller guard RB (1 to 2 RB) is sufficient between adjacent subcarrier of eMBB signal and a WUS signal.
Observation 3 It the filter order is too low, the guard RB does not help to improve the ASCS selectivity.


Open issues summary
Sub-topic 2-1 Outcome to RAN1
Issue 2-1-1: Reply LS to RAN1, focus on the issues in R4-
· Proposals
· Proposal 1: The concluded guard RB, WUS power boosting, dedicated operating bands, phase noise, and other aspects should be replied to RAN1. The endorsed TPs can be attachment of LS. (moderator) 
· Recommended WF
· TBA


Issue 2-1-2: TPs to TR 38.869
· Proposals
· Proposal 1: Consider the Text Proposals in R4-2311902 and R4-2312570 as starting point, further refinement and additional content is required. (moderator)
· Recommended WF
· TBA


Annex (comapnies’ analysis results for information)
ACS/ASCS Link-level simulation summary
Huawei in R4-2312248. Based on 5th order Butterworth filter
[image: ] [image: ]     
a) Guard RB evaluation of OOK-1						 b) Guard RB evaluation of OOK-2
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c) Guard RB evaluation of OOK-4						d) Guard RB evaluation of FSK-1
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e) Guard RB evaluation of FSK-2
Figure 1: ACS guard RB evaluation for several waveforms
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Figure 2: ICS guard RB evaluation for OOK-1
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Figure 3: ICS guard RB evaluation for OOK-2
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Figure 4: ICS guard RB evaluation for OOK-4
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Figure 5: ICS guard RB evaluation for FSK-2
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Figure 6: ICS guard RB evaluation for FSK-4

Qualcomm in R4-2311902:

Table 2: Simulation configuration

	NR system BW
	20 MHz

	Subcarrier spacing 
	30 kHz

	Guardband of NR channel
	810 kHz

	WUS BW within NR channel
	12 RB = 4.32 MHz

	WUS signal 
	OOK-4, see [11]

	Guard RB size of LP-WUS
	0 or 1 RB. GB is placed outside of the 12 RB carrying WUS


	WUS placement within NR channel
	1) Immediately adjacent to system BW edge, NR channel GB is respected
2) Additional 3RB = 1.08 MHz offset from system BW edge compared to case 1)

NOTE:  Together with 1 RB GB, total offset from system BW edge to first WUS RB is 4 RB = 1.44 MHz

	ACS interferer signal
	12 RB = 4.32 MHz, center of interferer 2.52 MHz offset from system BW channel edge 

	ACS interferer signal level
	Relative difference to signals within system BW aligned with Table 7.5-3 in TS 38.101-1 for 20 MHz channel bandwidth

	Adjacent subcarrier interference
	Except for the Guard RB size of LP-WUS of 0 or 1 RB, all subcarriers within system BW carry OFDM QPSK data

	Filter characteristic
	2nd to 5th order Butterworth


	Filter passband BW (-3 dB)
	1) 4.32 MHz
2) 5 MHz
3) 6 MHz

	LO frequency
	In the middle of WUS

	Frequency error
	Not modelled

	Phase noise
	Not modelled

	Non-linearities
	Not modelled

	Channel model
	TDL-C 300 ns
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Figure 1: Impact of ACI, 3rd order filter, 4.32 MHz filter BW, WUS at system BW edge with GB = 0 RB
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Figure 2: Impact of GB, 3rd order filter, 4.32 MHz filter BW, WUS at system BW edge with GBoff meaning GB = 0RB and with GBon meaning 1 RB GB. ACI is on for both curves.
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Figure 3:
Left: BER vs. SNR, 4.32 MHz filter BW, WUS at system BW edge, GB = 1 RB
Right: BER vs. SNR, 5 MHz filter BW, WUS at system BW edge, GB = 1 RB

[image: ]
Figure 4:
Left: BER vs. SNR, 4.32 MHz filter BW, WUS at system BW edge, GB = 0 RB
Right: BER vs. SNR, 5 MHz filter BW, WUS at system BW edge, GB = 0 RB
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Figure 5:
Left: BER vs. SNR, 4.32 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 0 RB
Middle: BER vs. SNR, 5 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 0 RB
Left: BER vs. SNR, 6 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 0 RB
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Figure 6:
Left: BER vs. SNR, 4.32 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 1 RB
Middle: BER vs. SNR, 5 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 1 RB
Left: BER vs. SNR, 6 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 1 RB
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Figure 7: SINR vs SNR corresponding the BER vs. SNR in Figure 6
Left: BER vs. SNR, 4.32 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 1 RB
Middle: BER vs. SNR, 5 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 1 RB
Left: BER vs. SNR, 6 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 1 RB

Murata in R4-2311294:
The following assumptions were made:
· gNB Channel BW = 20MHz
· LP-WUS BW = 4.32MHz including symmetric GBs (LP-WUS Tx BW = 2.88MHz)
· Target 28dB SNR for WUS.
· 3dB In-band RX P1dB degradation from main radio.
· 10dB SSB RXLO phase noise degradation from main radio.
· No WUS power boosting.
· P_WUS = P_NR_low = P_NR_high (equal PSD for MC-OOK; equal power for SC-OOK).
· BW_WUS <= BW_NR_low, BW_NR_high.
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Figure 2.1-1: NR – WUS –Scenario with possible WUS options
. [image: ]
Figure 2.1-2: Relationship between guard band and selectivity

[image: ]
Table 2.1-1: ASCS Gain Vs GB for various option from RAN1 LS reply (Appendix).
Here are the pre-filtered ACS assumptions:
· gNB Channel BW = 20MHz
· LP-WUS BW = 4.32MHz including symmetric GBs (LP-WUS Tx BW = 2.88MHz)
· WUS at the edge of the channel BW
· Place additional guard band (680KHz) on the jammer side so WUS BW + 680KHz = Jammer BW
· Target Jammer/Co-channel Noise Ratio ~ 28dBc
· 3dB In-band RX P1dB degradation from main radio
· 10dB SSB RXLO phase noise degradation from main radio
· No WUS power boosting
· P_WUS = P_NR (all type of LP-WUS)
· P_Jammer = TBD based on co-channel noise and WUS SINR from RAN1
· BW_WUS <= BW_NR


[image: ]
 Figure 2.2-1: NR – WUS – Jammer Scenario with possible WUS options
[image: ]
Table 2.2-1: Relationship between jammer side guard band (SCS=15KHz) and Selectivity.


Vivo in revision of R4-2312570: 
Table 5: LP-WUS ACS and ASCS simulation parameters
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz

	Case name
	OOK-1 waveform 
	OOK-2 waveform
	OOK-4 waveform

	Channel structure
	data: 6 bits CRC: 8 bits 
	data: 20 bits CRC: 8 bits 
	data: 20bits CRC: 8 bits 

	Chip rate
	M=1
	M=2
	M=2

	WUS duration
	 28 symbols

	Waveform
	OOK -1/OOK-2/OOK-4

	Coding
	1/2 rate Manchester coding 

	Time error
	0

	residual Frequency error
	0/10/20/50/200 ppm (for ASCS evaluation)

	SCS
	30kHz

	gNB Channel BW 
	20MHz (50 RB)

	WUS BW
	12RB ~4.32MHz  

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

	Guard RB
	Outer GB:2/1/0.5RB on each side of LP-WUS bandwidth (2 RB for ACS)
Inner GB: 4RE between segments

	Filter 
	3th/5th Order lowpass Butterworth with 4.32MHz bandwidth
(2.1 MHz bandwidth for OOK-2 M=2)

	ASCS
	PDSCH mapped on RBs not used for LP-WUS and Guard RB;
EPRE of PDSCH /EPRE of LP-WUS  = 0 dB
Same PSD with WUS signal

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

	Sampling Rate
	7.68MHz

	ADC bit width
	4 bits ADC for ASCS, 8 bits ADC for ACS;

	Phase noise
	unable

	Power boosting
	0dB for OOK-1/4
3dB for OOK-2

	Channel Model
	TDL-C 300

	Performance metric
	{FAR, MDR}: {1%, 1%}



 The simulation results are in Figure 5 for ACS and Figure 6 for ASCS:
[image: ][image: ]
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Figure 5. ACS guard RB evaluation
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Figure 6. ASCS guard RB evaluation

Filter suppression level anlysis summary
vivo in R4-2312570. 
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[image: ][image: ]
Figure 2: Frequency response of Butterworth filters

	Table 2: LP-WUS ASCS results for case 1
	Filter order
	
	ASCS, BWinterference = 5MHz

	
	Guard RB
CBW
	Frequency
Offset
	0RB
	0.5RB
	1RB
	2RB
	3RB

	5th 
	20MHz, SCS = 15KHz
	0 ppm
	-19.25
	-20.67
	-21.63
	-24.04
	-26.39

	
	
	5 ppm
	-19.04
	-20.45
	-21.40
	-23.79
	-26.13

	
	
	10 ppm
	-18.83
	-20.22
	-21.17
	-23.55
	-25.89

	
	
	50 ppm
	-17.26
	-18.54
	-19.42
	-21.68
	-23.95

	
	
	200 ppm
	-12.73
	-13.63
	-14.26
	-15.96
	-17.81

	
	100MHz, SCS = 30KHz
	0 ppm
	-18.24
	-20.63
	-22.97
	-27.59
	-31.80

	
	
	5 ppm
	-18.03
	-20.40
	-22.72
	-27.34
	-31.54

	
	
	10 ppm
	-17.82
	-20.17
	-22.48
	-27.08
	-31.28

	
	
	50 ppm
	-16.25
	-18.42
	-20.61
	-25.11
	-29.28

	
	
	200 ppm
	-11.74
	-13.27
	-14.90
	-18.70
	-22.60

	4th
	20MHz, SCS = 15KHz
	0 ppm
	-16.99
	-18.06
	-18.78
	-20.58
	-22.34

	
	
	5 ppm
	-16.82
	-17.88
	-18.60
	-20.39
	-22.14

	
	
	10 ppm
	-16.56
	-17.71
	-18.42
	-20.20
	-21.95

	
	
	50 ppm
	-15.37
	-16.36
	-17.03
	-18.73
	-20.42

	
	
	200 ppm
	-11.54
	-12.28
	-12.80
	-14.15
	-15.57

	
	100MHz, SCS = 30KHz
	0 ppm
	-16.03
	-17.84
	-19.57
	-23.06
	-26.27

	
	
	5 ppm
	-15.87
	-17.65
	-19.38
	-22.86
	-26.06

	
	
	10 ppm
	-15.70
	-17.47
	-19.19
	-22.65
	-25.86

	
	
	50 ppm
	-14.42
	-16.08
	-17.72
	-21.10
	-24.27

	
	
	200 ppm
	-10.61
	-11.87
	-13.15
	-16.05
	-18.99

	3rd 
	20MHz, SCS = 15KHz
	0 ppm
	-14.18
	-14.92
	-15.42
	-16.65
	-17.86

	
	
	5 ppm
	-14.05
	-14.79
	-15.28
	-16.51
	-17.71

	
	
	10 ppm
	-13.92
	-14.66
	-15.15
	-16.37
	-17.57

	
	
	50 ppm
	-12.95
	-13.64
	-14.11
	-15.28
	-16.45

	
	
	200 ppm
	-9.95
	-10.51
	-10.89
	-11.87
	-12.87

	
	100MHz, SCS = 30KHz
	0 ppm
	-13.33
	-14.58
	-15.76
	-18.17
	-20.42

	
	
	5 ppm
	-13.20
	-14.44
	-15.62
	-18.02
	-20.27

	
	
	10 ppm
	-13.07
	-14.31
	-15.48
	-17.87
	-20.12

	
	
	50 ppm
	-12.10
	-13.28
	-14.40
	-16.73
	-18.95

	
	
	200 ppm
	-9.13
	-10.07
	-10.10
	-13.04
	-15.08

	2nd
	20MHz, SCS = 15KHz
	0 ppm
	-10.71
	-11.15
	-11.44
	-12.17
	-12.88

	
	
	5 ppm
	-10.62
	-11.06
	-11.35
	-12.08
	-12.78

	
	
	10 ppm
	-10.54
	-10.98
	-11.27
	-11.99
	-12.69

	
	
	50 ppm
	-9.89
	-10.31
	-10.59
	-11.29
	-11.98

	
	
	200 ppm
	-7.86
	-8.22
	-8.46
	-9.06
	-9.67

	
	100MHz, SCS = 30KHz
	0 ppm
	-10.05
	-10.79
	-11.49
	-12.92
	-14.27

	
	
	5 ppm
	-9.97
	-10.71
	--11.40
	-12.82
	-14.18

	
	
	10 ppm
	-9.89
	-10.62
	-11.31
	-12.73
	-14.08

	
	
	50 ppm
	-9.25
	-9.96
	-10.62
	-12.00
	-13.33

	
	
	200 ppm
	-7.24
	-7.85
	-8.42
	-9.65
	-10.87




Table 4: LP-WUS ACS results for case 2
	Filter order
	
	ACS, BWinterference = 5MHz

	
	Guard RB
CBW
	Frequency
Offset
	0RB
	0.5RB
	1RB
	2RB
	3RB

	5th 
	20MHz, SCS = 15KHz
	0 ppm
	-28.20
	-29.51
	-30.37
	-32.43
	-34.40

	
	
	5 ppm
	-27.95
	-29.26
	-30.11
	-32.18
	-34.14

	
	
	10 ppm
	-27.69
	-29.01
	-29.86
	-31.92
	-33.88

	
	
	50 ppm
	-25.73
	-27.02
	-27.87
	-29.92
	-31.87

	
	
	200 ppm
	-19.35
	-20.52
	-21.31
	-23.24
	-25.13

	
	100MHz, SCS = 30KHz
	0 ppm
	-34.51
	-36.33
	-38.07
	-41.33
	-44.33

	
	
	5 ppm
	-34.25
	-36.07
	-37.81
	-41.07
	-44.07

	
	
	10 ppm
	-33.99
	-35.81
	-37.55
	-40.81
	-43.81

	
	
	50 ppm
	-31.97
	-35.53
	-33.79
	-38.79
	-41.79

	
	
	200 ppm
	-25.21
	-27.00
	-28.72
	-31.97
	-34.97

	4th
	20MHz, SCS = 15KHz
	0 ppm
	-23.71
	-24.70
	-25.35
	-26.92
	-28.42

	
	
	5 ppm
	-23.51
	-24.50
	-25.15
	-26.72
	-28.22

	
	
	10 ppm
	-23.31
	-24.30
	-24.94
	-26.51
	-28.01

	
	
	50 ppm
	-21.75
	-22.73
	-23.37
	-24.92
	-26.41

	
	
	200 ppm
	-16.73
	-17.61
	-18.20
	-19.65
	-21.08

	
	100MHz, SCS = 30KHz
	0 ppm
	-28.35
	-29.76
	-31.11
	-33.64
	-35.97

	
	
	5 ppm
	-28.14
	-29.55
	-30.90
	-33.43
	-35.77

	
	
	10 ppm
	-27.94
	-29.34
	-30.69
	-33.22
	-35.56

	
	
	50 ppm
	-26.34
	-27.74
	-29.08
	-31.61
	-33.95

	
	
	200 ppm
	-20.98
	-22.34
	-23.67
	-26.17
	-28.50

	3rd 
	20MHz, SCS = 15KHz
	0 ppm
	-18.80
	-19.49
	-19.94
	-21.04
	-22.10

	
	
	5 ppm
	-18.65
	-19.34
	-19.79
	-20.89
	-21.94

	
	
	10 ppm
	-18.50
	-19.19
	-19.64
	-20.74
	-21.79

	
	
	50 ppm
	-17.36
	-18.04
	-18.48
	-19.56
	-20.61

	
	
	200 ppm
	-13.68
	-14.29
	-14.69
	-15.70
	-16.69

	
	100MHz, SCS = 30KHz
	0 ppm
	-21.90
	-22.90
	-23.87
	-25.70
	-27.39

	
	
	5 ppm
	-21.75
	-22.75
	-23.72
	-25.54
	-27.24

	
	
	10 ppm
	-21.59
	-22.60
	-23.56
	-25.39
	-27.09

	
	
	50 ppm
	-20.41
	-21.41
	-22.37
	-24.19
	-25.88

	
	
	200 ppm
	-16.46
	-17.43
	-18.36
	-20.14
	-21.82

	2nd
	20MHz, SCS = 15KHz
	0 ppm
	-13.43
	-13.84
	-14.11
	-14.77
	-15.41

	
	
	5 ppm
	-13.34
	-13.75
	-14.02
	-14.68
	-15.31

	
	
	10 ppm
	-13.25
	-13.65
	-13.92
	-14.58
	-15.22

	
	
	50 ppm
	-12.52
	-12.92
	-13.18
	-13.83
	-14.45

	
	
	200 ppm
	-10.16
	-10.53
	-10.77
	-11.36
	-11.95

	
	100MHz, SCS = 30KHz
	0 ppm
	-15.18
	-15.80
	-16.40
	-17.54
	-18.62

	
	
	5 ppm
	-15.08
	-15.70
	-16.30
	-17.44
	-18.52

	
	
	10 ppm
	-14.98
	-15.60
	-16.20
	-17.34
	-18.41

	
	
	50 ppm
	-14.22
	-14.83
	-15.42
	-16.56
	-17.62

	
	
	200 ppm
	-11.70
	-12.28
	-12.85
	-13.94
	-14.98




Nokia in R4-2311502: 
[bookmark: _Ref142524001]Table 1 Evaluation assumptions.
	WUS signal bandwidth
	4.32 MHz

	Interferer power level
	 0 dBc

	F0
	2.6 GHz

	Filter Type
	Butterworth



[bookmark: _Ref142557391]Table 2 Guard required in KHz for a target interference level of -10 dBc.
	CFO
	Filter order

	
	1
	2
	3
	4
	5

	± 0 ppm
	4320.0
	1598.4
	972.0
	691.2
	540

	± 5 ppm
	4346.0
	1608.0
	977.9
	695.4
	543.3

	± 50 ppm
	4580.0
	1694.6
	1030.5
	732.8
	572.5

	± 100 ppm
	4840.0
	1790.8
	1089.0
	774.4
	605.0

	± 200 ppm
	5360.0
	1983.2
	1206.0
	857.6
	670.0



Dedicated band simulation summary
Apple in R4-2311234. 
[image: ]
Figure 1: Link level simulation results used to map SNR/SINR to probability of misdetection (see [10])

[image: ][image: ]
Figure 2: Distributions of downlink SNR/SINR and misdetection rate for ACIR=30 dB

[image: A blue line on a black background

Description automatically generated]
Figure 3: Percentage of misdetection rate increase vs. ACIR
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