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Introduction
This is the ad-hoc minutes for Rel-18 FS_NR_LPWUS, chaired by Ruixin Wang (vivo).
Topic #1: LP-WUR architectures
[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
	



Main session agreements:
Agreement: 
· Inform RAN1 the guard RB numbers for LP-WUS ACS proposed by companies in this RAN4 meeting.
· For 5th order filter, the guard RB number is in the range of 1RB ~ 3RBs for 30KHz SCS, or 2RBs ~6RBs for 15KHz SCS.
· Include the assumption information in the LS to RAN1.

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
Main session agreements:
Agreement:
· For link-level simulation based guard RB analysis, use 1% BLER as metric for guard RB evaluation.
· BER and missing detection rate can also be used
· FFS on the percentage values for BER and missing detection rate

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
	



Main session agreements:
Agreement: 
· Inform RAN1 the guard RB numbers for LP-WUS ASCS proposed by companies in this RAN4 meeting.
· For 5th order filter, the guard RB number is in the range of 0.5RB ~ 2RBs for 30KHz SCS, or 1RBs ~4RBs for 15KHz SCS.
· Include the assumption information in the LS to RAN1.
· Including how to handle ACS and ASCS simultaneous

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

Discussions:
Apple: we agreed to provide a range to RAN1 about guard RB. We can also identify low cost filters to RAN1.
Nokia: what will RAN1 do about RAN4 LS, given RAN1 part will close this meeting
E///: 1st order does not work. The filter order should not too low. Power consumption is more important than low cost
QC: agree with Nokia, the LS may not be that important. But the information in TR is beneficial
Nokia: agree power is more important, not sure about the cost impacts
Sony: we also should consider the size of the device

Agreements: 
· The filter assumption for guard band size evaluation shall be reasonable for low power WUR.

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
Discussions:
Qualcomm: can RAN1 close the work this meeting? 
Apple: can we define a range of NF this meeting? We should move forward for some reasonable ranges based on companies’ contribution. The range in last meeting summary can be a starting point. 
Nokia: we consider different value for different WUR type? We should consider different Waveform and signal design
E///: SNR and REFSENS is not clear, we can only consider the same coverage of WUR vs MR;
Sony: current REFSENS is difficult to converge. 
Agreements: 
· RAN4 further discuss the Noise figure in Q4 based on the outcome of SNR and coverage in RAN1.

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
Discussions:
E///: we do not test power control dynamic range for BS, currently. For NB-IoT, we only boost 1RB. But for WUS, all the RBs power boosting is considered. 
Apple: if we boost all RBs of the WUS, do we need to perform coexistence simulation? 
QC: BS test specification states 40% non-contiguous PRBs can be boosted. 
Nokia: is WUS contiguous RB allocation? 
E///: we prefer to keep it open this meeting. Current requirement is for PDSCH, WUS may not reuse
Apple: OFDM based waveform would be OK. But how about other waveform?

Tentative Agreements: 
· For OFDM-based WUS waveform, reuse existing NR RE power control dynamic range of BS in TS 38.104 for LP-WUS as starting point. WUS power boosting should minimize any impacts on legacy UEs.

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
Discussion:
Apple: WUS boosting should not impact legacy UEs.



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
Discussion:
R&S: we support proposal 1. 
Qualcomm: does RAN1 consider this scenario? This work will further extend SI workload


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
Discussion:
Qualcomm: more detailed parameters are needed. 

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


