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[bookmark: _GoBack]This the ad-hoc session meeting minutes chaired by Ruixin Wang (vivo). 
Topic #1: LP-WUR architectures
Open issues summary
[bookmark: _Hlk128049085]Sub-topic 1-1 UE ACS evaluation
Moderator: background information, agreements in WF for ACS and ASCS:
Issue: General evaluation framework for both ACS and ASCS
Agreement: 
· The following aspects can be starting point for further discussions
· Framework in RAN4 that the ACS and ASCS value can be evaluated based on the following aspects: 
· Typical filter characteristic, e.g. filter order, pass BW, cut-off frequency 
· Guard RB size within LP-WUS channel bandwidth 
· RF impairment can also be considered 
· Averaged power attenuation at ACS or ASCS frequency range 
· FFS whether SINR of the wanted signal at detector input is needed
· FFS whether use ICS to instead ASCS
· FFS Coexistence-simulation-based framework can also be considered
· FFS on details of coexistence study (if needed) of LP-WUS
· Coverage should be considered

Issue 1-1-1: Refinement of ACS evaluation framework for LP-WUR in RAN4
· Proposals
· Proposal 1: Guard RB evaluation should be based on RAN1 progress on the LP-WUS waveforms. The final conclusion in RAN4 on the required guard RBs should be applicable for all possible LP-WUS waveforms considered by RAN1. (Huawei) 
· Proposal 2: It’s suggested to be emphasized into reply LS to RAN1 that final ACS is only based on LP-WUS performance analysis and only for RAN1 analysis purpose whereas there is no detailed verification of co-existence issue considering there is no conclusion of LP-WUS signal design. (CMCC)
· Proposal 3: WUS at edge of channel (case 2) is the worst case of ACS. (vivo)
· Proposal 4: The complexity aspect should be considered for the design of LP-WUS/WUR scheme. (Sony)
· Proposal 5: For the case of WUS in separate channel from MR, RAN4 should further develop the evaluation framework for ACS and align on a set of coexistence system level simulation assumptions with the goal of identifying a range of ACS targets as a function of WUS SNR (expected from RAN1), WUS & NR channel bandwidths, and the UE filtering characteristic. (Apple)
· Recommended WF

Main session agreements:
Agreement:
· Focus on the issues in the RAN1 LS.
· For ACS evaluation, focus on the evaluation of guard RB rather than ACS requirements
· Take implementation complexity into account


Issue 1-1-2: Target ACS value for LP-WUR receiver
· Proposals
· Proposal 1: RAN4 should decide a target ACS value, for example ~30dB. Then the corresponding number of required guard RB is 0RB for 100MHz CBW and 1RB for 20MHz CBW, using 5th order filtering. (vivo)
· Proposal 2: The methodology for guard RB is that at first conclude the relationship between guard RB and adjacent channel selectivity based on typical LP-WUS performance. And then down-select guard RB based on target ACS value although current it’s hard to be concluded from simulation. (CMCC)
· Proposal 3: 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) 
· Proposal 4: WUR ACS should be further discussed in the context of the guard band design and main receiver test requirement. Discuss the WUR ACS and inband blocking requirements in relation to the main receiver requirement. (Ericsson)
· Proposal 5: For ACS, from the simulation results against waveform OOK-1, it is observed that 5th order Butterworth filter can provide better performance under same condition. To have similar performance without ACI, about 600kHz guard band (roughly 2 RBs for 30kHz SCS and 4 RBs for 15kHz SCS) is needed to protect LP-WUS from interference of the adjacent NR carrier. (Huawei)
· Recommended WF

Main session agreements:
Agreement:
· The methodology for guard RB is that at first conclude the relationship between guard RB and adjacent channel selectivity.
· WUR ACS should be further discussed in the context of the guard RB design and main receiver test requirement. 

Issue 1-1-3: Required number of guard RBs for LP-WUS ACS
· Proposals
· Proposal 1: For analog filter WUR, to improve the likelihood of operation multiple MHz offset is needed, but exact value needs further study. (Qualcomm)
· Proposal 2: For different NR CBW, RAN4 should defined different number of required guard RBs for LP-WUS ACS. Guard RB is 0RB for 100MHz CBW and 1RB for 20MHz CBW, using 5th order filtering for ~30dB ACS. (vivo)
· Proposal 3: If no concluded ACS target in RAN4, the ACS results listed in Table4 can be captured in the reply LS to RAN1. (vivo)
· Table 4: 5MHz ACS results for case 2
	Filter order
	
	ACS, BWinterference = 5MHz

	
	Guard RB
NR CBW
	0RB
	0.5RB
	1RB
	2RB
	3RB

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

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

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

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

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

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

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

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



· Proposal 4: Guard RBs is part of a WUS channel bandwidth, and should not overlap with the guard band of NR carrier. RAN4 to decide the number of guard RBs after RAN1 finalizes the WUS signal design. (MTK)
· Recommended WF
· For ACS to meet existing NR target, the required RB could be 1~2RB for 15kHz SCS.  

Moderator: given RAN4 would discuss the minimum number of guard RBs, only the value from 20MHz CBW is needed. 
Ad-hoc Discussion:
Huawei: we prefer to perform evaluation of all waveforms; can we make decision next meeting?
MTK: RAN1 is working the signal design. We need calibration before making decision. Currently, the method is more important.
Nokia: support the comment from MTK. We should consider RF impairment. Then the resulted ACS values are meaningful.
QC: why only minimum RBs is needed. 
Huawei: companies can submit results next meeting. But calibration is encouraged.
Nokia: we can agree on the simulation parameters. We can not just consider ideal case. 
QC: we should keep basic RF related analysis in RAN4, but not to repeat RAN1 simulations. Companies should submit the results with the assumed RF impairments. Alignment of the RF impairment this meeting is not easy.
Huawei: for the parameters, some simulation results have been provided in our paper. The filter assumption, and other parameters have been considered. For CFO, we also consider the frequency offset. RF impairments claimed by companies is good way for next meeting.
Apple: any RAN1 information about power consumption for different filter order. 
MTK: this information would be helpful for RAN1 design. But the number of guard RBs is more important.
Huawei: the filter would be analog filter, why need to consider different power cost
QC: filter might be not passive element. 
MTK: next meeting is the last meeting in RAN1. Is the LS useful to RAN1?
E///: whether TP is needed to report the information. 
Chair: further confirm the yellow highlighted bullet within below agreements.

Agreement: 
Companies provide the analysed results with the RF impairment assumptions. RAN4 target to make decision on required number of guard RBs next meeting.
· RF impairments and power cost impacts can be claimed by companies used in the analysis
· For each RF impairment could be reported for different RF architecture
· RAN4 to discuss if needed how to inform RAN1 about power cost related impacts of different filter assumptions
Companies are encouraged to provide the text proposals for RAN4 RF architecture evaluation.


Issue 1-1-4: Whether guard RBs should be symmetric for ACS
· Proposals
· Proposal 1: No need to restrict symmetric guard bands within the WUS channel bandwidth. (ZTE, vivo)
· Proposal 2: RAN4 to focus on symmetric guard RBs in a WUS channel bandwidth. (MTK)
· Recommended WF
· TBA
Main session agreements:
Agreement: 
· No need to restrict symmetric guard RBs within the WUS channel bandwidth

Issue 1-1-5: 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 could also be used for NR downlink signal. (vivo)
· Recommended WF
· TBA

Moderator: For ACS purpose, the required guard RB could also be used for NR. 
Ad-hoc Discussion:
QC: potentially, yes. Some of the ACS can be used for NR DL. Depends on ASCS conclusions. 
MTK: not clear about this scenario. Donot need to consider it 
Huawei: the filter will be designed based on WUS BW, if some RBs for guard, they can not be used for NR signal.
Apple: this is too detail currently. Should conclude how many guard RBs are needed first. 
QC: OK with Apple views 
MTK: the filter passband is a fixed value, so this should not be used for NR. 
Chair: this can be further decided after the required number of guard RBs is concluded.

Issue 1-1-6: Filter implementation
· Proposals
· Proposal 1: The possible degradation of filter rejection for real implementation should be counted in evaluation of guard RBs for LP-WUS. (Huawei)
· Recommended WF
· TBA

Discussion:
Not treated in ad-hoc

Issue 1-1-7: WUR RF impairments impacts
· Proposals
· Proposal 1: No need to have particular discussion of RF impairments unless it has direct impact on the evaluation of guard RBs between LP-WUS and NR signals. (Huawei)
· Proposal 2: Consider the following RF impairment aspects: (Ericsson)
· Consider the phase noise profile in table 1 for RF impairment caused by phase noise: 
Table 1: Phase noise profile of WUR with 5MHz BW
	
	Phase noise (dBc/Hz)

	Offset
	NF 9 dB 
	NF 12 dB 
	NF 15 dB

	@5MHz
	-99.4
	-99.4
	-99.4

	@10MHz
	-108.1
	-105
	-102.1

	@15MHz
	-120
	-117
	-114



· Use the following equation to evaluate the phase noise impact:
P_pn (dBm) = P_interferer (dBm) + PN_offset (dBc/Hz) + 10*log10(BW)
· Consider the following CFO numbers for simulation: 
	   Frequency Offset
	-	Initial acquisition
-	TRP: uniform distribution +/- 0.05 ppm
-	UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)
-	Non-initial acquisition
-	TRP: uniform distribution +/- 0.05 ppm
-	UE: uniform distribution +/- 0.1 ppm



· Model the ADC impairment as a AWGN, noise power level is up to further discussion. E. g SNR degradation allowance. 
· Model the RF impairment of ED as a square-law operator
· Further discuss the DC offset modeling
Discussion:
QC: we prefer companies to report the CFO value, instead of making decision now. there are a lot of options for this value 
Huawei: agree with QC. We use 50ppm in our paper. 
E///: we need to some common understanding on how large this value could be 

Agreement: 
· At least, the CFO should be considered, and the assumed value needs to be reported by companies next meeting. 

Sub-topic 1-2 UE ASCS evaluation
Issue 1-2-1: ASCS evaluation
· Proposals
· Proposal 1: RAN4 should further define and clarify a detailed definition for ASCS metric, e.g. similar to ACS, for 5MHz WUS, the ACSC BWinterference is set as 5MHz. (vivo)
· Proposal 2: Since RAN4 already agreed the GB size is RB based granularity, it would be better to use ICS instead of ASCS to unify the terminology used in RAN4 evaluation. (Huawei)
· Proposal 3: WUS at center of channel (case 1) is the worst case of ASCS. (vivo)
· Proposal 4: For the case of WUS in-channel with the main receiver (MR), RAN4 should further develop the evaluation framework for ASCS and align on a set of coexistence system level simulation assumptions with the goal of identifying a range of ASCS targets as a function of WUS SNR (expected from RAN1), guard gap size, and the UE filtering characteristic. (Apple)
· Recommended WF
· TBA
Moderator: 
Given ASCS is a new metric, the definition should be aligned first. 
Discussion: 
QC: the whole RF channel should be counted as CBW for ASCS. 
Huawei: given the agreed 5MHz WUS, 5MHz interference at each side can be used for ASCS evaluation as starting point. If companies identify large NR bandwidth is more useful. Then RAN4 can consider 
Apple: we suggest to consider wider NR as interference signal 
Nokia: how about 1.4 MHz case? 
QC: suggest to keep same 5MHz as interference for both 5MHz and 1.4MHz wus cases.
MTK: exact definition of ASCS would be helpful.

Agreements:
RAN4 should define a detailed description for ASCS metric for evaluation purpose, i.e., similar to ACS, for 5MHz WUS, the ACSC BWinterference is set as 5MHz, for both ~5MHz and ~1.4MHz WUS cases, as a starting point. 

Issue 1-2-2: Target ASCS value for LP-WUR 
· Proposals
· Proposal 1: The same value of ACS is also applicable for sub-carrier selectivity. (CMCC)
· Proposal 2: RAN4 should decide a target ASCS value, for example 20dB. Then the corresponding number of guard RB is 0.5RB at each side using 5th order filtering. (vivo)
· Recommended WF
· TBA

Issue 1-2-3: Guard RBs for LP-WUS ASCS 
· Proposals
· Proposal 1: Guard RBs should be determined considering the ASCS, ACS, SINR values for different WUS locations within UE BWP, filter order, and CFO. (Nokia)
· Proposal 2: In case of ±10 KHz CFO, at least two guard RBs on each side will be required if interference level lower than -25 dB is required. (Nokia)
· Proposal 3: For ASCS=20dB, the required number of guard RB is 0.5RB at each side using 5th order filtering If no ASCS target can be concluded, several ASCS options with corresponding number of Guard RBs in Table 2 can be provided to RAN1. (vivo)
· Table 2: 5MHz LP-WUS ASCS results for case 1
	Filter order
	
	ASCS, BWinterference = 5MHz

	
	Guard RB
NR CBW
	0RB
	0.5RB
	1RB
	2RB
	3RB

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

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

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

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

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

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

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

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



· Proposal 4: For ICS, from the simulation results against waveform OOK-1, it is observed that at least 180kHz guard band is needed for protection of LP-WUS from interference of adjacent in-channel NR signals. To better counter the frequency offset effect, 360kHz GB would be preferred. (Huawei)
· Proposal 5: RAN4 to decide the number of guard RBs after RAN1 finalizes the WUS signal design. (MTK)
· Recommended WF
· TBA
Main session agreements:
  Agreement:
· The methodology for adjacent sub-carrier selectivity is that at first conclude the relationship between guard RB and adjacent sub-carrier selectivity.
· WUR ASCS should be further discussed in the context of the guard RB design
· Assume the same PSD with WUS signal 
· Power boosting evaluation for BS is not precluded

Ad-hoc discussions:
Discussion:
Huawei: this is the metric of filter performance. We do not need to care about the values. The ratio will be fixed value if the filter order is decided and number of guard RBs. 
QC: we donot need to agree the ACS and ASCS value. The ASCS impacts may also related to the operated SNR value.
E///: similar views with Huawei. Do we need to agree the filter order? 
Huawei: if we use the same filter design, the generated ASCS value and RBs should be the same. 
QC: it is reasonable to send different filter vs RBs to RAN1. But not to specify ASCS value
Apple: How to consider thermal noise? 
QC: two cases can be considered, e.g. high SNR and low SNR 
E///: this can be considered into some RF impairment model
Chair: further discuss whether ASCS evaluation should consider two different cases, e.g. high SNR and Low SNR 

Issue 1-2-4: WUS location within the carrier
· Proposals
· Proposal 1: WUS frequency location shall be flexible within the carrier except the minimum guard-band. (Nokia, vivo, ZTE)
· Proposal 2: Inform RAN1 that analog envelope detection architectures will perform poorly or not work at all under adjacent channel interference if WUS is placed immediately adjacent to channel edge. To improve the likelihood of operation multiple MHz offset 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)
· Recommended WF
· WUS frequency location shall be flexible within the carrier except the minimum guard-band 
Ad-hoc Discussion: 
QC: is this the min guardband for NR channel, or additional guard RBs for WUS

Tentative Agreements: 
· WUS frequency location shall be flexible within the NR carrier except the traditional minimum guard-band of NR channel
· The guard RBs within WUS should not be overlapped with NR guardband

Issue 1-2-5: Whether guard RBs should be symmetric for ASCS
· Proposals
· Option 1: No need to restrict symmetric guard bands within the WUS channel bandwidth for ASCS.
· Option 2: Restrict symmetric guard bands within the WUS channel bandwidth for ASCS.
· Recommended WF
· Option 2

Discussion: 
Not treated in ad-hoc

Ad-hoc chair: Below topics are not treated in the ad-hoc session
Sub-topic 1-3 UE Noise figure 
Issue 1-3-1: General views on NF
· Proposals
· Proposal 1: For a fair evaluation of LP-WUS/LP-WUR, companies should provide a noise figure and power consumption for each proposed LP-WUR architecture. (Sony)
· Recommended WF
· TBA

Issue 1-3-2: 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: Wait RAN1 response before concluding the noise figure question. (Ericsson)
· Recommended WF
· TBA

Sub-topic 1-4 WUS power boosting
Issue 1-4-1: LP-WUS power boosting
· Proposals
· Proposal 1: Based on RAN1 LS, RAN4 recommend 3dB and 6dB power boosting for LP-WUS. (vivo)
· Recommended WF
· Follow NB-IoT power boosting of 6dB as a starting point for WUS
Discussion:

Sub-topic 1-5 Dedicated LP-WUS operation band 
Issue 1-5-1: Separated band for LP-WUS operation 
· Proposals
· Proposal 1: it’s RAN4’s responsibility to decide whether to consider dedicated LP-WUS operation band. besides, final example band should be global operation band with commercial network proposed by operator or spectrum management organization. (CMCC)
· Proposal 2: RAN4 shall continue to study the scenario of WUS in a separate band from MR. (Apple)
· Recommended WF
· TBA

Sub-topic 1-6 Variant of different LP-WUR architectures  
Issue 1-6-1: Variant of different LP-WUR architectures 
· Proposals
· Proposal 1: As long as the variant LP-WUR architectures belong to the architectures mentioned in RAN1 LS, they can be considered in RAN4 evaluation. (Huawei)
· Proposal 2: Send LS to RAN1 about the power consumption benefit of the new variant of WUR architecture. (Ericsson)
· Recommended WF
· TBA

Issue 1-6-2: LP-WUR architectures down selection 
· Proposals
· Proposal 1: Given poor coverage performance and incapable of supporting of multi-band operation, it is proposed to rule out RF ED LP-WUS architecture for the following RAN4 evaluation. (Huawei)
· Proposal 2: De-prioritize/Remove the RF ED architecture for LP-WUR architecture. (ZTE)
· Proposal 3: The RF envelope-detection based architecture has the highest potential for power saving but has some implementation difficulties when it comes to channel filtering. (Sony)
· Recommended WF
· TBA

Issue 1-6-3: other requirements for LP-WUR 
· Proposals
· Proposal 1: REFSENS of WUR can be specified when WUS SNR target and coverage requirement is known. (Ericsson)
· Proposal 2: Narrow band blocking requirement does not apply to WUR. (Ericsson)
· Proposal 3: RF requirement analysis may need to be categorized by different UE device with different power consumption assumption. (CMCC)
· Recommended WF
· TBA
Discussion:  

Issue 1-6-4: testing aspects for LP-WUR 
· Proposals
· Proposal 1: For testing purpose, an LP-WUR should be able to be configured on the same raster point as main receiver, however, it can also be configured on a raster point other than main receiver. (MTK)
· Proposal 2: Narrow band blocking requirement does not apply to WUR. (Ericsson)
· Proposal 3: RF requirement analysis may need to be categorized by different UE device with different power consumption assumption. (CMCC)
· Recommended WF
· TBA
Sub-topic 1-7 LP-WUS waveform assumptions 
· Proposals
· Proposal 1: RAN4 evaluation for the issues identified so far should consider all possible LP-WUS waveforms. (Huawei)
· Proposal 2: OFDM based LR should be included in the studies. (Nokia)
· Proposal 3: Further investigation is needed on WUS signal generation using the OFDM transmitter. (Ericsson)
· Recommended WF
· TBA
Topic #2: LP-WUS designs
Open issues summary
Sub-topic 2-1 WUS design
Issue 2-1-1: CP impact on LP-WUS signal
· Proposals
· Proposal 1: gNB should consider the impact of CP while designing the LP-WUS signal. 
· Proposal 2: Evaluate if LR must discard padding symbols inserted by the gNB to overcome the CP impact. 
· Recommended WF
· TBA

Issue 2-1-2: LP-WUS network throughput and efficiency
· Proposals
· Proposal 1: Effect of LP-WUS signal on the network throughput and efficiency should be studied.
· Recommended WF
· TBA
