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Topic #1: General and Workplan
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2305112
	vivo
	Draft reply LS

	R4-2305639
	Ericsson
	Views on reply LS



Open issues summary
Sub-topic 1-1 reply LS (phase-2) to RAN1
Moderator: suggest to focus on technical discussion on WUR architecture first, and then discuss which information could be replied to RAN1.

Issue 1-1-1: Content in Reply LS to RAN1
· Proposals
· Proposal 1: Focus on technical discussions on WUR architecture first, and then discuss which information should be replied to RAN1 in this meeting, if necessary. (Moderator)
· Recommended WF
· TBA
	Company
	Comments

	Huawei, HiSilicon
	In general, we are fine with the proposal. Before RAN4 to have further study of LP-WUS/WUR, it is important to have a clear view on what should be evaluated in RAN4, and what’s the expectation from RAN1 for the study in RAN4. In this regard, we have the following proposals and would like to have more discussion with other companies during the meeting. 
Proposal 1: Down selection of UE architectures should be considered in RAN4.
Proposal 2: It is assumed that LP-WUR has comparable coverage as main radio for RAN4 study unless different target is informed by RAN1.
Proposal 3: In-channel selectivity, SNR evaluation for UE side and in-band power boosting for BS side should be studied with high priority during RAN4 study.

	Nokia
	We suggest to down select the UE architectures. RAN1 is coming up with new architectures too and if we do not limit the number of architectures to study, we unfortunately will run out of time to make any significant progress. Further, we want to highlight our opposition to power boosting. Thus, we would like to make the following proposals.
Proposal 1: Down select UE architectures (RF Envelope detector)
Proposal 2: BS power boosting should not be included.

	Ericsson
	Fine with proposal.

	Qualcomm
	It is ok to discuss technical aspects first. In our Tdoc we had the following proposal regarding LS reply:
Proposal 4: Inform RAN1 that both IF and baseband envelope detection architectures benefit, i.e. they can provide more filtering towards unwanted signals, when there is limited flexibility in the WUS location and WUS is not allowed to be placed at the outer edge of the carrier. This can enable simpler RF HW and power savings.

Proposal 5: 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.


	MediaTek
	We are fine with Moderator’s proposal. 

	ZTE
	We also think downselect architecture should be done in RAN4.

	vivo
	OK with the proposal. 
For above specific topics mentioned by companies, there is dedicated sub-topic agenda for each one listed in Topic#2, if group reach consensus on the issues in sub-topics, then the corresponding conclusions can be sent to RAN1, if necessary.

	Samsung
	Fine with the proposal.

	Sony
	OK with proposal 1



Companies views’ collection for 1st round 
Open issues 
(Captured in the previous section).
CRs/TPs comments collection
(none)
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1 reply LS (phase-2) to RAN1
	Moderator: all companies are generally OK with the proposal. Some companies also share views on detailed aspects, considering each technical issue has been covered in Topic 2 and Topic 3, the details can be further discussed accordingly.   
Agreements:
Focus on technical discussions on WUR architecture first, and then discuss and confirm which information should be replied to RAN1 before the end of this meeting.
Candidate options:
Recommendations for 2nd round:
· Discuss content in reply LS directly.



CRs/TPs
none
Discussion on 2nd round 
No further discussion here, focus on draft LS content 
Topic #2: LP-WUR architectures
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304103
	Nokia, Nokia Shanghai Bell
	1. As the NR bands can be divided among more operators the location of the WUS needs to be flexible to accommodate the support for WUS on all gNB’s.
1. In case of mixed numerology of LP-WUS and NR signals, a guard band between LP-WUS and NR carriers is a must.
1. The inter-carrier interference arising due to carrier frequency offset can be mitigated to a certain extent through guard band selection.
1. A guard band between LP-WUS and NR carriers ensures that envelope-detector based receiver architecture can perform.
1. There is a trade-off between filter-order and guard-band. A larger order filter might have sharper roll-off, therefore might require a smaller guard-band; but this comes at the cost of higher filter complexity and power consumption. While a smaller filter order would reduce the power consumption but may need a larger guard band resulting in lower spectrum/resource efficiency. 
1. As the WUS and NR is co-existing in the same band with very small channel spacing power boosting should be avoided and NR and WUS should remain same signal level.
1. Design the WUR to support flexible location of the WUS within a NR band.
Guard band should be determined considering the ACS values, filter order, LP-WUS bandwidth, and CFO and can be synced to a value used in the simulation assumptions.
As the WUS and NR is co-existing in the same band with very small channel spacing power boosting should be avoided and NR and WUS should remain same signal level.
Do not apply any power boosting.
Agree to use the simulation parameters as repeated above in Table 1.

	R4-2304196
	CMCC
	Observation 1: for RF architecture, either high Q-factor RF filter or better digital interference cancellation mechanism is required to meet receiver adjacent carrier/subcarrier selectivity requirement, which will lead to relatively high cost or large power consumption.
Observation 2: RF requirement analysis may need to be categorized by different UE device with different power consumption assumption.
Observation 3: if we assume the same coverage as normal UE with 95% throughput metric, the ACS is about 32dB for 9dB NF, 26dB for 15dB NF and 17dB for 24dB NF.
Observation 4:  if the same NF as normal UE and same Tx power at gNB side is assumed, it seems we don’t need new ACS simulation for smartphone LP-WUR and the same SINR distributions under different ACIR value could be reused as derived from normal UE ACS simulation.
Observation 5: the same value of ACS is also applicable for sub-carrier selectivity.
Observation 6: if smartphone type LP-WUR has worse NF compared with NB, and the target coverage is the same as normal UE, gNB hardware needs to be enhanced to support better RB dynamic range requirements, which is not preferred from deployment cost aspect.
Proposal 1: it’s suggested to reuse legacy gNB hardware to reduce deployment cost when supporting LP-WUS. 

	R4-2304283
	Qualcomm Inc.
	Observation 1: RF signal levels observed at antenna connector are similar for wake-up receiver and main receiver.

Observation 2: 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 3: 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 4: When LO can be placed in the middle of WUS allocation, interferers are easier to reject. This can be enabled by fixed WUS frequency location or scheduling timeline which allows time for LO re-tuning.

Observation 5: Independent of WUS bandwidth or LO position, having frequency offset between interferer signal and WUS helps in interferer rejection.

Observation 6: If LO re-tuning is not possible and WUS can be scheduled at carrier edge, analog baseband filtering provides little help towards interferers and therefore possibilities for RF power savings are reduced.

Observation 7: RAN4 can provide analysis how guard band around wake up signal will impact SINR, but it is up to RAN1 to study how this impacts detection performance.  

Observation 8: Low power consumption needs to be balanced with negative impacts to performance.

Proposal 1: Average selectivity against adjacent subcarriers and/or adjacent channels as well as resulting SINR of the wanted signal at detector input can be used to evaluate and compare different RF architectures from selectivity perspective.
Proposal 2: Remove RF envelope detector from RAN4 study scope and inform the decision to RAN1

Proposal 3: Consider a limited set of WUS scenarios related to WUS bandwidth and position for further study

Proposal 4: Inform RAN1 that both IF and baseband envelope detection architectures benefit, i.e. they can provide more filtering towards unwanted signals, when there is limited flexibility in the WUS location and WUS is not allowed to be placed at the outer edge of the carrier. This can enable simpler RF HW and power savings.

Proposal 5: 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.

	R4-2304342
	Apple
	Observation 1:	The study of adjacent subcarrier interference and the potential need for guard band should take into account the receiver non-linearity and phase nois as well as the required wake-up signal SNR.
Observation 2:	The study of adjacent subcarrier interference should consider constant power spectral density within the channel.
Observation 3:	The impact of adjacent subcarrier interference will be most severe in envelope dector based receivers. Tunable, high order filters will need to be employed in both the RF and IF ED architectures along with significant guard band bandwidth.
Observation 4:	The spectral characteristics of the wake-up signal are important in the in-channel case. Simple time domain OOK signals will require significant guard-band.
Observation 5:	The ACS interferer will introduce stringent receiver linearity and phase noise requirements even in the in-channel WUS case. A small guard band between the WUS and NR signals will not be of significant help.
Observation 6:	Receiver linearity and phase noise will benefit from a WUS that has low detection SNR requirement and it can thus tolerate low SINR levels.
Observation 6:	Lower target SNR translates to lower power dissipation for the RF part of the LP WUR.
Observation 7:	A dedicated wake-up broadcast band will allow >10dB receiver phase noise relaxation and >25dB IIP3 relaxation compared to the in-channel wake-up signal.


Proposal 1:	RAN4 should agree on a phase noise profile for wake-up receiver study.
Proposal 2:	For the case of WUS placed in-channel with NR, both RF and IF envelope detector based receivers should be de-prioritized.
Proposal 3:	RAN1 should consider the spectral characteristics of the wake-up signal. This is especially important in the in-channel use-case, and this information should be provided as a follow-up LS from RAN4.
Proposal 4:	RAN4 should consider the scenario of LP WUS in a dedicated band in further analysis of this study item.

	R4-2304722
	Samsung
	Proposal 1: The architecture design for LP-WUR should strive to comparable REFSENS with legacy signals, which is considered as one criteria for architecture selection.
Proposal 2: It is proposed to exclude RF envelop detection architecture for LP-WUR.
Observation 1: Realistically the exact noise figure may not be agreed for the moment.
Proposal 3: The feasible noise figure should be formulated based on the criteria that the architecture design for LP-WUR should strive to comparable REFSENS with legacy NR signals.
Proposal 4: It is not preferable to assume a dedicated band for WUS. 

	R4-2305110
	vivo
	Observation 1: For ACS and ASCS evaluation, Option 1 and Option 2 and not conflicted approaches, the basic idea is the same.
Observation 2: RAN1 has adopted 0dB, 3dB, and 6dB for power boosting analysis.
Proposal 1: Define a new terminology for the RB gap between LP-WUS and NR signals, i.e. LP-WUS Guardgap, and the Guardgap is within the WUS RF channel bandwidth.
Proposal 2: For LP-WUS evaluation, use 5MHz LP-WUS bandwidth to align the simulation/analysis assumption for study purpose.
Proposal 3: Align the 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 
· Guardgap size within LP-WUS channel bandwidth 
· Averaged power antennation at ACS or ASCS frequency range
[bookmark: _Hlk132316990]Proposal 4: Different ACS or ASCS value can be provided along with the corresponding assumption of analog filter characteristic and guardgap size design. 
[bookmark: _Hlk132317012]Proposal 5: The size of guardgap should be defined in RAN4, which can be determined by considering of both the implementation complexity and the resource efficiency.
[bookmark: _Hlk132317051]Proposal 6: For ACS/ASCS evaluation, some parameter assumptions can be selected as starting point, e.g.:
· Filter order: [4 or 5]
· Filter passband BW: depends on guardgap size 
· Guardgap size: [10%, 15%, 20%] of LP-WUS RF bandwidth
· Target ASCS: [20dB]
· Target ACS: [30dB]
Proposal 7: RAN4 should study whether 6dB LP-WUS power boosting level is feasible. 
Proposal 8: RAN4 focus on FR1 frequency ranges first priority, 2.6GHz can be selected as an example band.
Proposal 9: RAN4 should consider all the UE types mentioned in the SID, e.g. IoT devices, Wearable devices, and e-MBB devices. 

	R4-2305126
	ZTE Corporation
	Observation 1. New BS Tx requirements and UE Rx requirements should be defined for 1.4MHz LP-WUS single carrier if FR1 LP-WUS is located in a separated band.
Proposal 1. If FR1 LP-WUS can be located in a band separate from the UE’s NR band, 1.4MHz channel bandwidth is not supported.
Proposal 2. To clarify whether 1Rx architecture is also for FR2 LP-WUR.
Proposal 3. For FR1, it is feasible to locate the LP-WUS within the carrier except the minimum guard-band.
Proposal 4. Deprioritize the RF ED architecture for LP-WUR architecture. 
Observation 2. Whether guard band is needed depends on the LP-WUS modulation type, which rely on the RAN1’s agreement.

	R4-2305567
	Huawei, HiSilicon
	[bookmark: OLE_LINK4]Proposal 1: Down selection of UE architectures should be considered in RAN4.
Proposal 2: It is assumed that LP-WUR has comparable coverage as main radio for RAN4 study unless different target is informed by RAN1.
Proposal 3: In-channel selectivity, SNR evaluation for UE side and in-band power boosting for BS side should be studied with high priority during RAN4 study.
Proposal 4: RF envelop detection architecture should be ruled out from the RAN4 study for LP-WUR.
Observation 1: two kinds or guard band are mixed together during the discussion
Proposal 5: No matter where the LP-WUS signal is located in the channel, the channel edge GB and existing spectrum requirements shall not be affected.
Proposal 6: The study of LP-WUS/WUR should focus on the in-channel guard band between NR signal and LP-WUS signal.
Observation 2: All RBs in a CBW allocated to LP-WUS signal may not be a main scenario to be considered in the SI.
Proposal 7: It is proposed to consider RB based guard band for in-channel analysis of LP-WUS and NR signals, and use ICS instead ASCS for the RAN4 evaluation.
Observation 3: Analog filter is not suitable for sub-channel filtering if RB allocation is flexible for LP-WUS signal.
Proposal 8: Digital filter as well as analog filter should be considered for ICS evaluation if flexible RB allocation is considered for LP-WUS signal.
Proposal 9: It is proposed to have agreement for SNR simulation assumptions.
Proposal 10: It is proposed to have BS RF evaluation of power boosting for WUS in-band operation with different WUS locations. 

	R4-2305639
	Ericsson
	Proposal-1:ACS requirement should be further discussed in the context of the guard band.
Proposal-2:RAN4 discuss the factors impacting the guard band size design.
Proposal-3:Wait RAN1 response before concluding the noise figure question.
[bookmark: _Hlk132318438]Proposal-4:Further investigation is needed on WUS signal generation using the OFDM transmitter.

	R4-2305641
	Ericsson
	Observation 1 There could be further UE power saving benefit if the WUS coverage using a WUR could be same with the paging signal coverage of the main receiver.
Observation 2 The WUR noise figure has dependency to the main receiver noise figure if the WUR and MR coverage target the same.
Observation 3 REFSENS of WUR can be specified when WUS SNR target and coverage requirement is known.
Observation 4 Narrow band blocking requirement does not apply to WUR.
Observation 5 The ED operated within a limited dynamic range and REFSENS level of WUR should at least match its low end of ED dynamic range.
Observation 6 REFSENS of WUR can be specified when WUS SNR target and coverage requirement is known.
Observation 7 RF envelop detector architecture may have issue with ACS and inband blocking requirement for existing NR bands.
Observation 8 High Q IF BPF filter is needed in IF ED architecture
Observation 9 Not synchronized LO to BS pose a risk to degrade the IF ED performance
Observation 10A good phase noise LO is needed to reject the “self-mixing” IM product in IF architecture.
Observation 11 The # of ADC bits required interfacing after the ED relates to the type of the ED also the resolution requirement of the WUR.
Observation 12 For Zero-IF/low IF architecture, the ADC bit may be up to 15 bits,
Observation 13 For Zero-IF/low IF architecture, the ADC bit may be reduced to 4 bits when AGC is used.
Observation 14 Coherent or non-coherent receiver is an import aspect of the receiver design
Observation 15 WUR RB location can use the same transmission bandwidth configuration in Figure 5.3.1-1 in TS 38.101-1
Proposal-1:WUR ACS should be further discussed in the context of the guard band design and main receiver test requirement.
Proposal-2:Discuss the WUR ACS and inband blocking requirements in relation to the main receiver requirement
Proposal-3:Study further on WUR architecture which could support WUS repetition.
Proposal-4: Guard band in variant a, b and c are needed the amount of it can be FFS.
Proposal-5: WUR need to be capable of configuring the same raster point with main receiver.
Observation 16 1-bit ADC only apply when there is a comparator between ED and ADC and no RRM function involved.
Proposal-6: Consider the above WUR architecture as another WUR architecture candidate.

	R4-2305766
	Sony
	Observation 1	Low-power WUS/WUR apply to RedCap devices. Other UE types (e.g., smart phone) are not precluded.
Proposal 1	The RF envelope-detection based architecture shouldn’t be ruled out at this stage.
Proposal 2	The cost aspect should be considered for the design of LP-WUS/WUR scheme.
	
	

	R4-2305783
	MediaTek Inc.
	Proposal 1: RAN4 to start with studying feasible ACS and ASCS for each architecture, based on assumed typical filter characteristic, i.e., Option 1.
Proposal 2: LP-WUS should have the flexibility to be located within the carrier.
Proposal 3: RAN4 not to consider a separate band from UE’s NR bands for LP-WUS.
Proposal 4: RAN4 not to consider power boosting for LP-WUS at this SI stage considering power consumption, unnecessarily larger coverage than the main radio, and minimized impacts on the NR operation in the same carrier.
	
	



Open issues summary
Sub-topic 2-1 General for WUR architecture
Issue 2-1-1: Frequency range 
· Proposals
· Proposal 1: RAN4 focus on FR1 frequency ranges first priority, 2.6GHz can be selected as an example band. (vivo)
· Recommended WF
· TBA

Issue 2-1-2: UE type 
· Proposals
· Proposal 1: Based on RAN1 agreements, RAN4 should consider all the UE types mentioned in the SID, e.g. IoT devices, Wearable devices, and e-MBB devices.  (vivo, Sony)
· Proposal 2: The cost aspect should be considered for the design of LP-WUS/WUR scheme. (Sony)
· Recommended WF
· TBA

Issue 2-1-3: number of Rx chain 
· Proposals
· Proposal 1: To clarify whether 1Rx architecture is also for FR2 LP-WUR.  (ZTE)
· Recommended WF
· TBA

Issue 2-1-4: general views for WUR architectures 
· Proposals
· Proposal 1: WUR need to be capable of configuring the same raster point with main receiver.  (Ericsson)
· Proposal 2: Study further on WUR architecture which could support WUS repetition. (Ericsson)
· Proposal 3: Consider the above WUR architecture as another WUR architecture candidate. (Ericsson)


· Recommended WF
· TBA

	Company
	Comments

	Huawei, HiSilicon
	Issue 2-1-1: Frequency range 
We are fine with proposal 1. Actually, we think the current UE architectures and assumptions discussed in RAN1 are not suitable for FR2.
Issue 2-1-2: UE type 
We are fine with proposal 1.
Issue 2-1-3: number of Rx chain 
As discussed for issue 2-1-1, FR1 should be prioritized, thus, no need to have discussion of assumptions for FR2 for the moment.
Issue 2-1-4: general views for WUR architectures 
Proposal 1, 2 are relevant to RAN1 study, so we don’t need to made a conclusion right now. For proposal 3, in our understanding, LNA has never been excluded from the implementation assumption, which also depends on the coverage target assumed in RAN4.

	Nokia
	Issue 2-1-1: Frequency range 
We are OK with prioritizing FR1.
Issue 2-1-2: UE type 
We support Proposal 1
Issue 2-1-3: number of Rx chain 
Regarding number of Rx chains in FR2, we believe single Rx chain might not be enough.
Issue 2-1-4: general views for WUR architectures 
We support Proposal 1. Regarding Proposal 2, we believe it is more of a signal design related topic than UE WUR architecture. 

	Ericsson
	Issue 2-1-1: fine with proposal.
Issue 2-1-2: fine with proposals. 
Issue 2-1-3: FR2 should be discussed separately. 1 Rx branch may not be preferred as dual polarization receiving may still be needed. 
Issue 2-1-4: P1 considering the same RF bandwidth of WUR and main receiver. P2, repetition brings the advantage of the lowering the SNR and thus improves the REFSENS, should be further studied. 
  


	Qualcomm
	Issue 2-1-1: Frequency range 
OK with the proposal.
Issue 2-1-2: UE type 
The proposals are not mutually exclusive and we are ok with both of them.
Issue 2-1-3: number of Rx chain 
FR2 needs further discussion, so far there has been no technical analysis provided for FR2.
Issue 2-1-4: general views for WUR architectures 
For proposal 1, could proponent clarify why this is necessary given that WUS may have narrower bandwidth than the RF channel bandwidth and also different center frequency
Proposal 2 would be RAN1 discussion on whether repetition is used, better to bring this up in RAN1.
For proposal 3, the proposal is somewhat similar to having gain control in the LNA but the switches are adding complexity. Therefore, similar behaviour can already be there in the existing architectures and it would not be necessary to add further candidates. 


	MediaTek
	Issue 2-1-1: Frequency range
We are ok to prioritize FR1, and the proposed example band as well.
 Issue 2-1-2: UE type
Both options are ok, however, we may keep it in minds that low power and low cost are the main target of the study.
Issue 2-1-3: number of Rx chain
Need further study for FR2.
Issue 2-1-4: general views for WUR architectures
For Proposal 1, our understanding is that WUS PRB grid is aligned with main NR PRB grid, and under such condition, channel raster of WUS could be derived.
For Proposal 2, WUS repetition can be studied at a later stage.
For Proposal 3, it is fine to add the proposed WUR architecture since it is now an SI.

	ZTE
	Issue 2-1-1: Frequency range
Ok with the proposal.
Issue 2-1-3: number of Rx chain
Fine to further study for FR2. But we think it should update the previous agreements that the 1Rx architecture is applied to FR1, and FFS on FR2 to make it clear.
Issue 2-1-4: general views for WUR architectures
Similat view with Huawei.  

	vivo
	Issue 2-1-1: Frequency range 
OK with the proposal.
Issue 2-1-2: UE type 
Ok with both proposals.
Issue 2-1-3: number of Rx chain 
Suggest postpone FR2 discussions.
Issue 2-1-4: general views for WUR architectures 
For proposal 1, this may need RAN1 feedback and further discussions in RAN4.
For proposal 2, WUS repetition is still under discussion in RAN1 and in our understanding pure RAN1 scope, suggest to leave it to RAN1.
For proposal 3, in RAN1 LS, just quite general illustration for each architecture, the details or optimized structures can be further discussed. P3 seems to be an alternative which is not precluded, but may not need specific agreements on this. 

	Samsung
	Issue 2-1-1: Fine with proposal.
Issue 2-1-2: Fine with proposals. 
Issue 2-1-3: Postpone FR2
Share QC’s view

	Xiaomi
	Issue 2-1-1: Frequency range 
Proposal 1 is OK for us.
Issue 2-1-2: UE type 
Ok with both proposals
Issue 2-1-3: number of Rx chain 
For FR2, the number of Rx chain need further confirm when RAN4 consider define the Requirements for FR2 LP WUS.
Issue 2-1-4: general views for WUR architectures 
We are OK for Proposal 1. Regarding Proposal 2, it is related with coverage enhancement, it should be decided by RAN1.

	Sony
	Issue 2-1-1: Frequency range 
OK with the proposal.
Issue 2-1-2: UE type 
OK with both proposals
Issue 2-1-3: number of Rx chain 
FR2 has not been discussed yet. Further analysis is needed. 

	Apple
	Issue 2-1-1: Agree with the proposal
Issue 2-1-2: Agree with both points; it probably isn’t necessary to keep discussing UE type in the study though
Issue 2-1-3: Not a priority to discuss, although a 1 Rx FR2 wake-up receiver would not work very well in terms of spherical coverage



Sub-topic 2-2 Gap RB definition for LP-WUS
Issue 2-2-1: Guardgap definition for LP-WUS
· Proposals
· Proposal 1: To distinguish it from existing guardband definition for NR channel, RAN4 define a new terminology for the RB gap between LP-WUS and NR signals, i.e. LP-WUS Guardgap, and the Guardgap is within the WUS RF channel bandwidth. (vivo).  illustrated in Figure bellow
      [image: ]
· Proposal 2: Two kinds or guard band are mixed together during the discussion. The study of LP-WUS/WUR should focus on the in-channel guard band between NR signal and LP-WUS signal. (Huawei, vivo)
· 

Proposal 3: Guard band in variant a, b and c are needed the amount of it can be FFS (Ericsson). illustrated in Figure bellow
[bookmark: _Hlk132278565]



· Recommended WF
· TBA

Moderator’s observation: There is misunderstanding on Guard band for LP-WUS discussion. Align the understanding is the basis for follow-up RAN4 discussions.
The traditional RB size and guardband definition for NR channel bandwidth defined in Clause 5.3.2 and 5.3.3 in TS 38.101-1 is unchanged:
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	35
MHz
	40 
MHz
	45
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	188
	216
	242
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	92
	106
	119
	133
	162
	189
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	44
	51
	58
	65
	79
	93
	107
	121
	135


Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	35
MHz
	40
MHz
	45
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	572.5
	552.5
	712.5
	692.5
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	925
	905
	1065
	1045
	825
	965
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1630
	1610
	1590
	1570
	1530
	1490
	1450
	1410
	1370



Then, for the in-channel LP-WUS case, we are discussing how many occpupied RBs for WUS signal, and how many empty RBs for guardgap purpose. The discussion of guardgap for LP-WUS should be Granularity of RB. 
The NRB for WUS and number of RBs for guardgap can be separated into two typical cases. Using 5MHz as an example:
Case 1: 5MHz WUS is placed within 5MHz NR channel. Guardband of the NR channel is unchanged, how many additional guardgap is needed. 


Figure 1: An updated figure for Illustration of Case 1, for 5MHz.
Case 2: 5MHz WUS is placed within a wider NR channel, e.g. 10MHz, 20MHz, 100MHz.
[image: ]
Figure 2: An updated figure for Illustration of Case 2, for 5MHz.
RAN1 simulation assumption for case 2 is: 4.32MHz WUS signal (24RBs), and 4RBs for guardgap (2RBs at each side), total WUR bandwidth 5.04MHz. 
No Case 1 assumption in RAN1.

GTW ad-hoc session Discussion: 
E///: define the guardgap definition in relation with main receiver. It should be similar to the legacy value of NR channel bandwidth. 
Nokia: the actual of RBs for 5MHz should be smaller. Same of max number of RBs for case 1 and case 2. 
Huawei: RAN1 is asking case. Not clear RAN1 status on case 1. Not all the RBs would be allocated for WUS signal. The figure 2 is clear for the group what is the guardband for LP-WUS. We should not change the traditional guardband if the WUS is placed at the edge of the channel. Guardgap would be something in time domain, guardband is preferred. 
Apple: it useful to separate case 1 and case 2. Guardgap in case 1 is useful to relax potential ACS requirements. 
Qualcomm: we suggest to consider both case 1 and case 2. The minimum guardband in TS is unchanged, should be captured in the WF. 
Huawei: for case 1, any information in RAN1? Suggest to focus on case 2
Chair: in RAN1, focus on in-band case as case 2. But case 1 is not precluded. 
MTK: there would be case 3, as hybrid of case 1 and case 2. WUS is placed at the edge of NR channel bandwidth, then it would be case 1 and case 2. The term guardgap would be misleading. 
Nokia: guard RBs is OK
Huawei: the guard should be RB based.
ZTE: the WUS can be placed in the NR guardband?
Apple: for case 2-2, the coverage should be checked. The power boosting may not be adopted for this case.

· Tentative agreements
RAN4 use guard RBs (if needed) for LP-WUS, which is Granularity of RB. The traditional guardband for NR channel bandwidth defined in TS 101-1 should not be changed.
· For case when WUS is smaller than NR channel bandwidth
· For case 2-1, the LP-WUS guard RB is number RBs between LP-WUS and NR signals (edge of WUR RB location to nearest edge of eMBB RB)
· For case 2-2, the WUS is placed at the edge of the NR channel bandwidth, i.e. the lowest/highest RB of WUS with guard RBs is aligned with the lowest/highest NR transmission bandwidth configuration in spec. 
· [For case when the WUS/WUR is same as NR channel bandwidth]
· For case 1, the LP-WUS guard RBs is number RBs between LP-WUS and traditional guardband (edge of WUR RB location to Outermost of NRB)
· Should further check with RAN1 for this case
FFS whether the guard RBs should be symmetric within the WUS channel bandwidth.

Issue 2-2-2: Whether guardgap is needed for LP-WUR 
· Proposals
· Proposal 1: Yes. A guardgap between LP-WUS and NR carriers ensures that envelope-detector based receiver architecture can perform. (Nokia, vivo, Ericsson, Huawei)
· Proposal 2: RAN4 can provide analysis how guard band around wake up signal will impact SINR, but it is up to RAN1 to study how this impacts detection performance. (Qualcomm)
· Recommended WF
· TBA

GTW ad-hoc session Discussion:
Qualcomm: we have not seen the number of guard RBs. Some analysis is needed before making this decision. 
Huawei: the guard RBs is needed. But the number depends on RAN4 analysis. 
MTK: if guard RB is needed, it should be at least 1RB. RAN4 should evaluate the number of RBs. Different case may need different number of RBs. If guard RB is 0, means then guard RB is not needed.
Nokia: agree with QC and MTK. 
E///: whether RAN1 or RAN4 should decide the number of guard RBs. We need to identify the RF impairment model for simulation.
Huawei: guard RBs will be defined based on the identified cases in 2-2-1.
Qualcomm: guard RBs is both RAN1 and RAN4 work.

Tentative agreements:
· How many RBs for guard is FFS. RAN4 should further evaluate this number based on the cases identified in issue 2-2-1.
· The size of guard RBs from implementation perspective for LP-WUS should be determined in RAN4.


Issue 2-2-3: Which Group to determine guardgap size for LP-WUS
· Proposals
· Proposal 1: The size of guardgap for LP-WUS should be defined in RAN4. (vivo)
· Recommended WF
· TBA

GTW ad-hoc Discussion:
Chair: this can be discussed with issue 2-2-2 together.


	Company
	Comments

	Huawei, HiSilicon
	Issue 2-2-1: Guardgap definition for LP-WUS
We prefer proposal 2. The figure in proposal 1 is clear, which is helpful to align the understanding of guard band definition among companies. Gap seems more like a concept for time domain usage, guard band is straightforward.
Issue 2-2-2: Whether guardgap is needed for LP-WUR 
Whatever the term is used, we think the guard band in between LP-WUS and NR signal is needed.
Issue 2-2-3: Which Group to determine guardgap size for LP-WUS
We think in-channel guard band should be analysed by RAN4 in the following study, but whether it is specified, can be further discussed in WI stage.

	Nokia
	Issue 2-2-1: Guardgap definition for LP-WUS
We prefer Proposal 3, variant 'a’
Issue 2-2-2: Whether guardgap is needed for LP-WUR 
We support Proposal 1

	Ericsson
	Issue 2-2-1: the guard band definition is to be agreed. P1 is the case where WUR RF bandwidth is less than cell bandwidth and also imply the guard band/guand gap needs to be integar PRB. P2 the same with P1 but want to prioritize the case cell bandwidth > WUR bandwidth. P3,  different guard band case listed, the variant b is the same with P1. The variant c should be the case where the emission of the receiver should be measured. Specially, when the RF bandwidth of WUR and main receiver is the same.
Issue 2-2-2: P1, the guard band is needed. But first the guard band definition needs to be clarified and the factors impacting the guard band needs to be identified. P2 is related to Issue 2.2.3.
Issue 2-2-3: it may be too early to decide RAN4 or Ran1 to make the decision or simulation, maybe factors to impact guard band should be clarified and agreed first and then up to process, RAN4 make a decision later on.

	Qualcomm
	We are generally ok with the tentative agreements reached in offline GTW. For the guard RB decisions, when we agree of guard RBs are needed and how many, it is necessary to communicate RAN4 view to RAN1 so they can consider it in the signal design.

	MediaTek
	Issue 2-2-1: Guardgap definition for LP-WUS
As discussed online, the tentative agreements are acceptable to us which captured our comments/proposals. 
Issue 2-2-2: Whether guardgap is needed for LP-WUR
The tentative agreements are acceptable to us as discussed in GTW.
Issue 2-2-3: Which Group to determine guardgap size for LP-WUS
It is already covered by the tentative agreements in Issue 2-2-2.

	ZTE
	Generally fine with the tentative agreement.

	vivo
	Topic 2 has been discussed and concluded in GTW ad-hoc session. 

	Xiaomi
	We are fine with the tentative agreement.

	SONY
	Issue 2-2-1
We need to differentiate between the guardgap (between LP-WUS and NR within a band) and the guardband.
Issue 2-2-2
On the tentative agreement, we should distinguish between the size of guard band for different LP-WUR architecture as not all the architecture might need the same guard band size and the architectures still under study.
Size of gaurdgap can be determined by RAN4: yes.

	Apple
	We thought the GTW achieved good progress on Issues 2-2-1 and 2-2-2.  For Issue 2-2-3, RAN4 should evaluate several guard band sizes and capture the analysis/conclusions in the TR.  This information is sufficient to capture in the study item outcome and to communicate to RAN1.  Work item phase can take the final value.



Sub-topic 2-3 UE Adjacent Carrier/Sub-Carrier Selectivity (ACS/ASCS) evaluation
Issue 2-3-1: General evaluation framework for both ACS and ASCS
· Proposals
· Proposal 1: Align the framework in RAN4 that the ACS and ASCS value can be evaluated based on the following aspects. (vivo, MTK)
· Typical filter characteristic, e.g. filter order, pass BW, cut-off frequency 
· Guardgap size within LP-WUS channel bandwidth 
· Averaged power antennation at ACS or ASCS frequency range
· Proposal 2: Average selectivity against adjacent subcarriers and/or adjacent channels as well as resulting SINR of the wanted signal at detector input can be used to evaluate and compare different RF architectures from selectivity perspective. (Qualcomm)
· Proosal 3: Discuss the WUR ACS and inband blocking requirements in relation to the main receiver requirement (Ericsson)
· Recommended WF
· Proposal 1 and Proposal 2 are not conflicted proposals. Can be Merged 

Moderator’s observation: Proposal 1 and Proposal 2 are similar approach, proposal 2 consider additional SINR value.

\

GTW ad-hoc Discussion:
MTK: recommended WF is OK to us.
E///: the purpose is to evaluate the filter and guard RBs. We are not going to perform the new co-existence analysis for ACS. For ASCS we do not have this requirement, the performance target should be defined. RF impairment should be considered in the evaluation.
Qualcomm: agree with first bullet. SINR in bullet 3 is needed to show good or bad of the performance of the receiver.
CMCC: same view as E///. ACIR should be defined before going into ACS. Same ACS simulation work of NR coexistence can be done for WUS signal, e.g. using BLER.
Huawei: it has been agreed that the guard RB is RB based. The group should clear about the purpose of the evaluation activity. 
Apple: the framework is good to us, which can be considered as first step. Power consumption from RAN1 can be considered. This information (analysis scenarios selected in RAN4) can be sent to RAN1. 

· Recommended WF
· 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 
· Coverage as well as coexistence can also be considered. 
· Averaged power antennation 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 on details of coexistence study (if needed) of LP-WUS


Issue 2-3-2: LP-WUS evaluation scenarios for study purpose
· Proposals
· Proposal 1: Consider a limited set of WUS scenarios for study purpose in RAN4 (merged proposal based on R4-2304283 and R4-2305110)
Table 1: LP-WUS evaluation scenarios

	NR RF channel BW
	5MHz, 10MHz, 20MHz, 50MHz, 100MHz

	Guardband of NR channel
	Unchanged, defined in Clause 5.3.3 in TS 38.101-1

	WUS BW within NR channel
	1.44MHz, 5.04 MHz

	WUS RB allocation (Note 1)
	[6] RB in 1.44 MHz, total 8 RBs, or other number of RBs
[24] RB in 5.04 MHz, total 28 RBs, or other number of RBs

	WUS placement within NR channel
	3 cases: 
· case 1: Center; 
· case 2: edge; 
· case 3: between center and edge of NR channel

	Guardgap size of LP-WUS
	0 RB, 1RB at each side, 2RBs at each side, or other number of RBs 

	ACS interferer
	According to RF Ch BW

	Filter characteristic
	Lowpass, 2nd to 5th order Butterworth

	Filter passband BW
	At least WUS bandwidth (number of RBs), depends on guardgap size

	LO frequency
	Case 1: In the middle of WUS (modeling fixed WUS position)
Case 2: In the middle of RF channel (modeling flexible WUS location)

	Target ACS
	TBD

	Target ASCS
	TBD

	Note 1: the maximum number of allocated WUS RBs, depends on how many Guardgap RBs are needed 



· Recommended WF
· TBA

Issue 2-3-3: How to determine guardgap for LP-WUS
· Proposals
· Proposal 1: Guardgap should be determined considering the ACS values, filter order, LP-WUS bandwidth, and CFO and can be synced to a value used in the simulation assumptions. (Nokia)
· Recommended WF
· TBA

Issue 2-3-4: Whether WUS can be flexibly located within the NR carrier
· Proposals
· Proposal 1: Flexible to locate the LP-WUS within the NR carrier (Nokia, vivo, ZTE)
· Proposal 2: Inform RAN1 that both IF and baseband envelope detection architectures benefit, i.e. they can provide more filtering towards unwanted signals, when there is limited flexibility in the WUS location and WUS is not allowed to be placed at the outer edge of the carrier. This can enable simpler RF HW and power savings. (Qualcomm)
· Recommended WF
· TBA

Issue 2-3-5: Filter assumption for LP-WUS ACS/ASCS study
· Proposals
· Proposal 1: Filter order: [4 or 5]. (vivo)
· Proposal 2: Lowpass, 2nd to 5th order Butterworth. Assumed in R4-2304283. (Qualcomm)
· Proposal 3: Digital filter as well as analog filter should be considered for ICS evaluation if flexible RB allocation is considered for LP-WUS signal. (Huawei)
· Recommended WF
· Can be discussed in issue 2-3-2

Issue 2-3-6: Phase noise impacts
· Proposals
· Proposal 1: The study of adjacent subcarrier interference and the potential need for guard band should take into account the receiver non-linearity and phase noise as well as the required wake-up signal SNR. (Apple)
· Proposal 2: RAN4 should agree on a phase noise profile for wake-up receiver study. (Apple)
· Recommended WF
· TBA

Issue 2-3-7: Interference from WUS to NR carrier
· Proposals
· Proposal 1: RAN1 should consider the spectral characteristics of the wake-up signal. This is especially important in the in-channel use-case, and this information should be provided as a follow-up LS from RAN4.  (Apple)
· Recommended WF
· TBA

Issue 2-3-8: ACS/ASCS values
· Proposals
· Proposal 1: Different ACS or ASCS value can be provided along with the corresponding assumption of analog filter characteristic and guardgap size design. (vivo)
· Proposal 2: WUR ACS should be further discussed in the context of the guard band design and main receiver test requirement. (Ericsson)
· Recommended WF
· TBA
	Company
	Comments

	Huawei, HiSilicon
	Issue 2-3-1: General evaluation framework for both ACS and ASCS
we should make it clear firstly what’s the purpose for evaluation of ACS or ASCS. For ASCS or in-channel selectivity, the intention is to evaluate the possible GB between LP-WUS and NR signal, which should be RB-based rather than sub-carrier based in our view. Regarding ACS, if the purpose to evaluate GB when LP-WUS is placed at the channel edge, at least the GB should not be less than that specified in the spec for specific CBW. In the end, we may not have ICS requirement specified in terms of guard band between LP-WUS and NR signal, but ACS anyway should be specified. ACS is not only a matter of GB, but also a metric for coverage target as well as co-existence with adjacent carrier. We prefer to separate the evaluation of GB due to ACS/ICS and evaluation to keep similar coverage target as main radio in terms of ACS requirement.
Issue 2-3-2: LP-WUS evaluation scenarios for study purpose
In general, we are fine with the items to be considered in the evaluation. For NR CBW, we want to clarify that 5MHz is for 1.4MHz LP-WUS only. While for other CBW, we think that 20MHz and 100MHz as representatives would be enough. Regarding filter characteristic, may not need to limit it to lowpass only.
Issue 2-3-3: How to determine guardgap for LP-WUS
We think in-channel guard band is mainly determined by in-channel selectivity rather than ACS.
Issue 2-3-4: Whether WUS can be flexibly located within the NR carrier
we are fine with proposal 1.
Issue 2-3-5: Filter assumption for LP-WUS ACS/ASCS study
The orders rely on the further evaluation in RAN4, no need to have limitation for the moment. Whether the filter is analog only or analog + digital depends on the UE architectures and the resource allocation assumptions. More discussion on alignment of the assumptions is needed in RAN4.
Issue 2-3-6: Phase noise impacts
So far, we don't have a clear view how the phase noise would have impact on the GB, but we are open to see more inputs for the analysis.
Issue 2-3-7: Interference from WUS to NR carrier
In our view, the spectrum impact is mainly from NR signal to LP-WUS rather than vice versa. Not sure what should be informed to RAN1 on the WUS spectral characteristics for the moment.
Issue 2-3-8: ACS/ASCS values
As we commented in 2-3-1, the purpose of evaluation of ACS and ICS could be different. The two proposals are not conflicting to each other. With or without agreement on issue 2-3-8 will have no impact on the RAN4 evaluation.

	Ericsson
	Issue 2-3-1: maybe needs further clarification on the simulation target of evaluation framework:  ACS value is from coexisting, so the simulation here should be target to fulfil the legacy ACS value as requirement. For ASCS, maybe the performance degradation should be target in the presence of inband eMBB signal. The worst case for WUR filter design is the case where WUR 5MHz and cell bandwidth is 5MHz.  So in our opinion, further clarification on the targeted scenario are needed:
· WUR and main receiver RF bandwidth, same or different?
Additional factor to consider in simulation:
1. Does LO lock to the base station?if not, what is frequency stablity
2. Which WUR architecture is used? With ED or not
These question may end up with the RF impairment model to be used in simulation and thus there are more to be discussed in this aspects.
Issue 2-3-2: the additional row with “FFS on RF impairment” is preferred from us.
Issue 2-3-3: CFO is a RF impairment issue, maybe it will be good to disicuss it separately. In addition, CFO aspect relates to whether coherent receiver or not.

Issue 2-3-4: support proposal 1 as working assumption.  Proposal 2 needs more investigation.
Issue 2-3-5: filter assumption can be open, and same with guard band size, maybe it is too early to fix one and decide another?
Issue 2-3-6: support P1 and P2. Phase noise as one RF impairment should be FFS. The non-linear impact may depend on which WUR anchitecture, can FFS for now.
Issue 2-3-7: more clarification is needed. the waveform is OOK and FSK, what else is needed in this caes?
Issue 2-3-8: P1,  if no new coexisting simulation, the same ACS as main receiver should be used. There is no ASCS requirement for now, it relate to the simulation assumption and evaluation framework discussed above.


	Qualcomm
	Issue 2-3-1: General evaluation framework for both ACS and ASCS
Regarding the original proposals, we agree with proposed WF of merging proposal 1 and proposal 2. The main receiver requirement can act as reference e.g. on what signal levels are expected at antenna.
For the starting point reached in GTW, we see the SINR consideration necessary as otherwise it is difficult to put into perspective what is the impact of guard RBs, different filter parameters etc. SINR will help in evaluating if the impact is meaningful.

Issue 2-3-2: LP-WUS evaluation scenarios for study purpose
We are in principle ok with the proposal, but some clarifications are needed. Firstly, we do not quite see how in-channel guardband impacts filter passband. It should be clarified that with the current filter assumptions it is applicable only for baseband detection based architectures. Finally, the proposal results in very many permutations of parameters. We suggest to remove 50 MHz channel bandwidth.  
We also have one question on considering 5.04 MHz bandwidth: Does this mean WUS is not applicable for 5 MHz RF channel bandwidth?

Issue 2-3-3: How to determine guardgap for LP-WUS
We need to study the SINR impact of different in-channel guardbands and report those to RAN1
Issue 2-3-4: Whether WUS can be flexibly located within the NR carrier
Support proposal 2. There are benefits when WUS is not scheduled at outer edges of the RF channel bandwidth as illustrated in our Tdoc. In proposal 1 it is not clear what flexible means, does it mean no restriction at all?
Issue 2-3-5: Filter assumption for LP-WUS ACS/ASCS study
Support proposal 2 for analog filtering and also ok with adding digital filter in the scope especially if e.g. OFDM signal is considered.
Issue 2-3-6: Phase noise impacts
Agree with proposal 1, however we see no need for detailed phase noise model as approximate phase noise level can give enough information on SINR impact.
Issue 2-3-7: Interference from WUS to NR carrier
OK
Issue 2-3-8: ACS/ASCS values
Proposal 1 seems reasonable for ACS but for ASCS  this value is rather something that is a result from the filtering.


	MediaTek
	Issue 2-3-1: General evaluation framework for both ACS and ASCS
Though we are not quite sure on the co-existence study and still concern on the performance metrics, the recommended WF after GTW session provides a good starting point for the evaluation framework.
Issue 2-3-2: LP-WUS evaluation scenarios for study purpose
Some setting may be revised: 
1) too many (5) channel bandwidths: to fit for the demands of three cases, 3 channel bandwidths should be sufficient, e.g., 5/10/50.
2) Filter characteristic: it is fine for the sake of aligning results among companies, but not for the specs.
3) Guard RBs: asymmetric guard RBs may also be considered.
Issue 2-3-3: How to determine guardgap for LP-WUS
In addition to the proposal, the impacts on NR operation from WUS may also be considered. In this case, it is in-channel selectivity for the NR carrier.
Issue 2-3-4: Whether WUS can be flexibly located within the NR carrier
Ok with Proposal 1.
Issue 2-3-5: Filter assumption for LP-WUS ACS/ASCS study
It may be too detailed at this moment, and these information can be provided with the evaluation result input from different companies.
Issue 2-3-6: Phase noise impacts
Fine with Proposal 1. And for Proposal 2, it may require further study.
Issue 2-3-7: Interference from WUS to NR carrier
Agree with Proposal 1.
Issue 2-3-8: ACS/ASCS values
Both options are fine which are not mutually exclusive. 



	vivo
	Issue 2-3-1: General evaluation framework for both ACS and ASCS
We would like to clarify that given no throughput for LP-WUS ACS, so the new framework does not consider coexistence simulation. And traditional coexistence-simulation based framework can be considered as alternative, but details are FFS. With above clarifications, we suggest to update the WF as following:
· Tentative agreements
· 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 antennation 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
· Coexistence-simulation-based framework can also be considered
· FFS on details of coexistence study (if needed) of LP-WUS
· Coverage should be considered
 
We also would like to clarify that the target of this study is to provide a package of [ACS vs filter vs Guard RBs] to RAN1 for simulation consideration, but not evaluating final ACS requirements. The ACS requirement for LP-WUS would be further specified in WI phase based on this framework or traditional coexistence study (if proper approach is figured out at that time).  
To Ericsson, in our understanding the typical in-band case is that main receiver RF bandwidth is wider than WUS. Same bandwidth case (5MHz NR with 5MHz WUS) should be further checked with RAN1. And all the WUR architectures in RAN1 LS should be considered. 

Issue 2-3-2: LP-WUS evaluation scenarios for study purpose
To avoid misunderstanding, we suggest to select NR channel bandwidth as 10MHz, 20MHz and 100MHz, for both 1.4MHz and 5MHz WUS case. 5MHz NR channel for 5MHz WUS may need check with RAN1, as agreed in Issue 2-2-1.
OK to consider asymmetric guard RBs.

Issue 2-3-3: How to determine guardgap for LP-WUS
ASCS should also be considered and might be a key issue for Guard RBs design.

Issue 2-3-4: Whether WUS can be flexibly located within the NR carrier
Ok with Proposal 1. 
For Proposal 2, this information can be sent to RAN1 if RAN4 have some analysis results next meeting, based on the agreed general framework in issue 2-3-1.

Issue 2-3-5: Filter assumption for LP-WUS ACS/ASCS study
The assumed filter in Issue 2-3-2 is OK.
Issue 2-3-6: Phase noise impacts
Proposal 1 is OK.
Proposal 2 should be further discussed.
Issue 2-3-7: Interference from WUS to NR carrier
Currently, not sure what specific spectral design is required, but given this is RAN1 scope to design WUS signal spectrum, we suggest leave this aspect study to RAN1.
Issue 2-3-8: ACS/ASCS values
Proposal 1 is aligned with the general framework in Issue 2-3-1.
For proposal 2, not clear whether the main receiver test case and test requirement can be used for LP-WUS.  We can further check next meeting, with the analysis results.

	SONY
	Issue 2-3-1:
Agree with recommended WF
Issue 2-3-3:
OK with proposal
Issue 2-3-4:
We need to further discuss pros and cons of whether LP-WUS needs to be flexibly located within carrier or not.
Issue 2-3-5:
Select the suitable approach based on the outcome of 2-3-4. 
Issue 2-3-7:
Agree that spectral characteristics of LP-WUS are important and that RAN1 should consider this. This aspect can be added to the LS.
Issue 2-3-8:
Agree with proposal 2.

	Apple
	Issue 2-3-1: the framework captured in the recommended WF is very helpful; We should also try to enable RAN1 to estimate the power consumption incurred by the chosen filter characteristics.  We should feedback the relevant assumptions to RAN1.
Issue 2-3-2: We suggest adding the row “target WUS SNR” to the table
Issue 2-3-3: This issue seems to be the same as 2-3-1
Issue 2-3-5: Target SNR is needed
Issue 2-3-6: Support both proposals as the proponent
Issue 2-3-7: Support as proponent
Issue 2-3-8: Proposal 1 would allow RAN4 to quantify the trade-off between ACS/ASCS and filter parameters, especially if RAN4 would like to further consider ACS relaxation as a tool to enable greater power consumption savings by the LP-WUR



Sub-topic 2-4 UE Noise figure and impacts of RF impairments
Issue 2-4-1: General views on NF
· 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)
· Recommended WF
· TBA

Issue 2-4-2: Noise figure value for each architecture 
· Proposals
· Proposal 1: The WUR noise figure has dependency to the main receiver noise figure if the WUR and MR coverage target the same. Wait RAN1 response before concluding the noise figure question. (Ericsson)
· Recommended WF
· TBA

Issue 2-4-3: REFSENS/coverage for LP-WUS 
· Proposals
· Proposal 1: The feasible noise figure should be formulated based on the criteria that the architecture design for LP-WUR should strive to comparable REFSENS with legacy NR signals. (Samsung)
· Proposal 2: It is assumed that LP-WUR has comparable coverage as main radio for RAN4 study unless different target is informed by RAN1. (Huawei)
· Proposal 3: REFSENS of WUR can be specified when WUS SNR target and coverage requirement is known. (Ericsson)
· Recommended WF
· TBA
	Company
	Comments

	Huawei, HiSilicon
	Issue 2-4-1: General views on NF
In general, we are ok with the statement of the issue, but see no necessity to further communicate with RAN1 for the observation. Issue 2-4-2: Noise figure value for each architecture 
We think that without response from RAN1, achieving similar coverage as main radio can also be assumed in RAN4 and with that to carry out the following study.
Issue 2-4-3: REFSENS/coverage for LP-WUS 
We see proposal 1 and proposal 2 are similar, all means LP-WUR should have comparable REFSENS with NR signal in the main radio, either is ok for us.

	Ericsson
	Issue 2-4-1: support P1.
Issue 2-4-2: support proposal
Issue 2-4-3: support proposals.


	Qualcomm
	Issue 2-4-1: General views on NF
We are proponent of proposal 1. We see it useful to respond this to RAN1 for them to understand that asking NF values in isolation is not an approach that results in best outcome but rather we need more information from RAN1 before agreeing on NF.
Issue 2-4-2: Noise figure value for each architecture 
OK to wait for further information to RAN1 but we see the linkage to main receiver only if target SNR is also similar.
Issue 2-4-3: REFSENS/coverage for LP-WUS 
We agree with proposal 2 and proposal 3.

	MediaTek
	Issue 2-4-1: General views on NF
The target performance criteria Vs SNR should be decided at first, and we agree that the original target is the LP-WUS coverage which should be matched to the cell coverage. And for the exact value(s) for NF, this requires further evaluation on various architecture since there is no reference architecture defined yet.
Issue 2-4-2: Noise figure value for each architecture
Perhaps it is a bit too early to conclude the dependency of WUR NF on that of the main receiver. 
Issue 2-4-3: REFSENS/coverage for LP-WUS
Proposal 2. We think coverage is a more appropriate criterion.

	ZTE
	Issue 2-4-1: General views on NF
Fine with P1
Issue 2-4-3: REFSENS/coverage for LP-WUS 
P1 and P2 are fine. 

	vivo
	Issue 2-4-1: General views on NF
The sensitivity clarification question has been sent to RAN1 last meeting via phase-1 reply LS, RAN4 can wait for the answers, thus seems no addition information is needed.
Issue 2-4-2: Noise figure value for each architecture 
Suggest to wait for further information from RAN1 on coverage and SNR. 
Issue 2-4-3: REFSENS/coverage for LP-WUS 
RAN1 is discussing target coverage and potential similar coverage as NR channel X. So suggest to wait for RAN1 decisions. 

	Samsung
	Issue 2-4-1: General views on NF
Fine with proposal 1.
Issue 2-4-2: Noise figure value for each architecture 
Fine with proposal 1
Issue 2-4-3: REFSENS/coverage for LP-WUS 
Support proposal 1/2/3

	Xiaomi
	Issue 2-4-1: General views on NF
Agree the analysis of Proposal 1, but prefer to wait for RAN 1’s reply.
Issue 2-4-2: Noise figure value for each architecture 
Prefer to wait for RAN 1’s reply. 
Issue 2-4-3: REFSENS/coverage for LP-WUS 
Prefer to wait for RAN1 decisions.

	Sony
	Issue 2-4-1: General views on NF
We agree that the requirement on NF (and therefore the corresponding LP-WUR architecture design) can be determined based on the coverage requirement together with the SNR. It is worth to note that fulfilling the NF requirement may imply certain architectures which may have higher current/power consumption and complexity implications. Therefore, it is not clear to us that the coverage, by definition, is the same as the main receiver. Besides, there may be other ways of reaching coverage as e.g., repetition or spreading. Having said that, we think a close cooperation with RAN1 is necessary.
Issue 2-4-2: Noise figure value for each architecture 
Each architecture has its pros and its cons. The requirement on the NF can be determined from the coverage requirement and the SNR. A close cooperation with RAN1 is needed  OK to wait.
 Issue 2-4-3: REFSENS/coverage for LP-WUS 
For proposal 2: RAN4 shouldn’t assume anything but rather wait for clear target from RAN1. Even though, assuming comparable coverage requirement as main receiver may be the straightforward way, we think the pros and cons with each architecture should be further analysed and reported to RAN1 so that they can conclude on the coverage level.
Agree with proposal 3

	Apple
	Issue 2-4-1: It is good to provide some context to RAN1. Would it also be possible to include a range of values under consideration by RAN4? We would anticipate a range of values beyond 9 dB (perhaps significantly above 9 dB).
Issue 2-4-2: This proposal might somehow contradict Issue 2-4-1; we do recommend sending some information about NF to RAN1 in this meeting:  perhaps this can be a range of values as the starting point.
Issue 2-4-3: We anticipate that RAN1 might have made some decisions on the intended coverage of WUS, and we also need a stable definition of the term.  For example, if we say “same coverage as NR,” then we need to understand which NR channel is taken as reference.  Another option can be that a target MCL value is agreed in RAN1.  We recommend including this question in the LS to RAN1. 



Sub-topic 2-5 BS RF impacts
Issue 2-5-1: Whether RAN4 should study LP-WUS power boosting
· Proposals
· Option 1: It is proposed to have BS RF evaluation of power boosting for WUS in-band operation with different WUS locations. In-band power boosting for BS side should be studied with high priority (Huawei, vivo)
· Option 2: RAN4 do not study any power boosting, NR and WUS should remain same signal level. (Nokia, MTK, Apple?)
· Recommended WF
· TBA

Moderator’s observation: RAN1 already assumed 0dB, 3dB and 6dB power boosting for LP-WUS. RAN4 should study can confirm whether the power levels are feasible (to meeting BS requirements). 

Issue 2-5-2: If study in RAN4, which power boosting level can be considered in RAN4
· Proposals
· Option 1: Study feasible LP-WUS power boosting level with maximum 6 dB. (vivo)
· Option 2: other values
· Recommended WF
· TBA

Issue 2-5-3: other gNB impacts
· Proposals
· Proposal 1: it’s suggested to reuse legacy gNB hardware to reduce deployment cost when supporting LP-WUS. (CMCC)
· Proposal 2: No matter where the LP-WUS signal is located in the channel, the channel edge GB and existing spectrum requirements shall not be affected. (Huawei)
· Recommended WF
· TBA
	Company
	Comments

	Huawei, HiSilicon
	Issue 2-5-1: Whether RAN4 should study LP-WUS power boosting
Prefer option 1.
Issue 2-5-2: If study in RAN4, which power boosting level can be considered in RAN4
The specific value depends on the study in RAN4. May not need to have a pre-defined value.
Issue 2-5-3: other gNB impacts
Both proposals are ok for us.

	Nokia
	Issue 2-5-1: Whether RAN4 should study LP-WUS power boosting
We support Option 2. We are strongly against power boosting the WUS signal.
Issue 2-5-2: If study in RAN4, which power boosting level can be considered in RAN4
We are against using power boosting, so its value should be 0 dB.

	Ericsson
	Issue 2-5-1: Option 2 for now, the power boosting should be started by RAN1 LS.
Issue 2-5-2: option 2. Up to RAN1 LS request.
Issue 2-5-3: P1 is fine. P2, from gNB perspective, it is fine. From WUR, there is guard band discussion.

	Qualcomm
	Issue 2-5-3: other gNB impacts
The way proposal 1 is written seems out of 3GPP scope. Perhaps it could be stated that RAN4 recommends RAN1 to prioritize signal design which allow re-use of current gNB HW?
For proposal 2, we agree that minimum guardband at RF channe edge should not be affected.

	MediaTek
	Issue 2-5-1: Whether RAN4 should study LP-WUS power boosting
Option 2. We do not see the necessity of studying power boosting for LP-WUS at this stage.



	ZTE
	Issue 2-5-1: Whether RAN4 should study LP-WUS power boosting
Slight prefer option 1.
Issue 2-5-2: If study in RAN4, which power boosting level can be considered in RAN4
To align with the study in RAN1, option 1 is fine.
Issue 2-5-3: other gNB impacts
We also think the minimum GB at channel edge should not be impacted. For P2, it is unclear ‘ spectrum requirements’ means. In last meeting, RAN4 already agree:
No impact of LP-WUS on the existing gNB emissions and compliance requirements is baseline

	vivo
	Issue 2-5-1: Whether RAN4 should study LP-WUS power boosting
option 1.
As provided in our paper, RAN1 has already assumed power boosting (optional feature) for LP-WUS. So, it is quite straight forward that RAN4 need to evaluate/check whether the assumed values in RAN1 are feasible or not, from RAN4 perspective.
Issue 2-5-2: If study in RAN4, which power boosting level can be considered in RAN4
RAN1 use 0, 3 and 6dB for power boosting. RAN4 should check all these values. Other values are not precluded in RAN4 discussion.
This is study item, RAN4 is not specifying power boosting requirements, but study the feasibility of potential values. 
Issue 2-5-3: other gNB impacts
Both proposals are ok for us.

	Samsung
	Issue 2-5-1: Prefer option1, should also keep in mind the power saving target 
Issue 2-5-3: Fine with both proposals

	SONY
	Issue 2-5-1
Agree with moderator’s observation
Issue 2-5-3
Agree with both proposals.



Sub-topic 2-6 Separate band for LP-WUS 
Issue 2-6-1: Whether a dedicated band for WUS is needed 
· Proposals
· Proposal 1: It is not preferable to assume a dedicated band for WUS. (Samsung, MTK, Huawei)
· Proposal 2: RAN4 should consider the scenario of LP WUS in a dedicated band in further analysis of this study item. (Apple)
· Proposal 3: The study of LP-WUS/WUR should focus on the in-channel guard band between NR signal and LP-WUS signal. (Huawei)
· Recommended WF
· TBA

Issue 2-6-2: Requirements impacts, if dedicated band for LP-WUS is used 
· Proposals
· Proposal 1: If FR1 LP-WUS can be located in a band separate from the UE’s NR band, 1.4MHz channel bandwidth is not supported. (ZTE)
· Recommended WF
· TBA
	Company
	Comments

	Huawei, HiSilicon
	Issue 2-6-1: Whether a dedicated band for WUS is needed 
The evaluation of LP-WUS/WUR should consider the impact and implementation on both UE and BS sides. From NW perspective, we don’t think a dedicated band for WUS is acceptable, which also violates the principle proposed by CMCC that reusing legacy Gnb hardware to reduce deployment cost should be considered.
Issue 2-6-2: Requirements impacts, if dedicated band for LP-WUS is used 
See above issue. We disagree to consider a separate band for LP-WUS.

	Nokia
	Issue 2-6-1: Whether a dedicated band for WUS is needed 
We believe a dedicated band for WUS is not feasible.
Issue 2-6-2: Requirements impacts, if dedicated band for LP-WUS is used 
See our above comment, we do no agree to a dedicated band for WUS.

	Ericsson
	Issue 2-6-1: new dedicated band impact the deployed network. If no Gnb is impacted, the legacy band should be studied as priority.
Issue 2-6-2: same with issue 2-6-1, network impact should be avoided as priority.

	Qualcomm
	Issue 2-6-1: Whether a dedicated band for WUS is needed 
We agree with proposal 1. 

	MediaTek
	Issue 2-6-1: Whether a dedicated band for WUS is needed
Proposal 1.

	ZTE
	Issue 2-6-1: Whether a dedicated band for WUS is needed
We are fine with Proposal 1.
Issue 2-6-2: Requirements impacts, if dedicated band for LP-WUS is used 
It depends on the outcomes of issue 2-6-1. But in the end if dedicated band of LP-WUS is used, then 1.4MHz cannot be supported.

	Vivo
	Issue 2-6-1: Whether a dedicated band for WUS is needed 
RAN1 does not preclude this scenario, but we prefer to keep this case as lower priority. 

	Samsung
	Issue 2-6-1: Proposal 1

	Xiaomi
	Issue 2-6-1: Whether a dedicated band for WUS is needed 
Support proposal 2
Issue 2-6-2: Requirements impacts, if dedicated band for LP-WUS is used 
RAN4 can further discuss.

	SONY
	Issue 2-6-1: Whether a dedicated band for WUS is needed 
We agree with proposal 1.

	Apple
	Issue 2-6-1: we support Proposal 2 as the proponent.  RAN1 has not precluded the dedicated band scenario.  For the purpose of this study, we don’t think the dedicated band for WUS will have a negative impact on the overall effort.



Sub-topic 2-7 SNR evaluation 
Issue 2-7-1: SNR evaluation activity in RAN4
· Proposals
· Proposal 1: SNR evaluation for UE side should be studied with high priority. It is proposed to have agreement for SNR simulation assumptions. (Huawei)
· Proposal 2: RAN1 is performing SNR evaluation, the WUS SNR analysis can be done in RAN1. RF impairments, e.g. frequency error and ADC sampling accuracy, can be sent to RAN1 for consideration. (moderator)  
· Recommended WF
· TBA

Issue 2-7-2: Simulation assumption for SNR 
· Proposals
· Proposal 1: It is proposed to agree on the below simulation assumptions. (Huawei)
· Table 2: Simulation assumptions for SNR evaluation
	Parameters
	Assumptions
	Note

	Modulation
	OOK/FSK/existing OFDMA signals(channels)
	pending on RAN1 progress

	Bandwidth
	4RB
	

	Data rate 
	14 kbps/28 kbps/56 kbps/84kbps
	

	TB size
	48 bit
	

	Manchester code
	½ 
	optional, depends on modulation

	SCS
	15 kHz, 30 kHz
	depends on operating bands

	Channel model
	AWGN
	

	Antenna configuration
	1x1
	

	Test metric
	1% BLER
	similar to PDCCH

	ACI
	4 RB adjacent signal with 16QAM modulation
	optional, for frequency error evaluation

	Guard band
	12SC on both sides
	optional, for frequency error evaluation

	IF Filter
	Butterworth 5th order
Passband width = 1.44 MHz
	optional, for frequency error evaluation

	Frequency offset
	0/15kHz/60kHz/150kHz
	optional, for frequency error evaluation

	ADC bits
	2, 4
	



· Proposal 2: use the simulation parameters as repeated below in Table 1 (Nokia)
[bookmark: _Ref131520605]Table 1 Simulation parameters
	Simulation Parameter
	Design Value

	LP-WUS BW
	4.32MHz (24 in 15KHz, 12 in 30KHz, 6 in 60KHz, 3 in 120KHz) PRBs 

	CP-OFDM BW
	20MHz (2048 tones, 106 PRBs) 

	LP-WUS Guard BW
	340KHz on either side  

	SCS
	15KHz, 30KHz 

	Sequence used in ON duration
	All-ones, ZC seq (without pulse shaping for evaluation) 

	Number of TX and RX antennas
	1x1 

	Detectors used for all-ones as sequence
	non-coherent sampled at 4.32MHz, max detector sampled at data rate. 

	Detectors used for ZC sequence
	{1,2,4} 

	NR transmission in the adjacent carriers
	Active with QAM256 modulation.  

	LPF filter used
	5th order Butterworth filter with downsampling 

	LP-WUS duration (in terms of CP-OFDM symbols)
	12 symbols or 1 slot is used for transmission 

	Time synchronization
	Assumed perfect synchronization in time 

	Frequency offset and number of ADC bits and impairments
	±200 ppm, no-ADC bit width or impairments are considered. 

	Preamble symbols
	No preamble considered for evaluation. We assume the LP-WUS location is known. 

	Data symbols
	Symbols 0-11 of slot are used for data transmission with Manchester encoding 

	CP handling
	In order to avoid interference to adjacent NR transmissions, the samples corresponding to CP duration are zeroed out to avoid CP discontinuities (DFT-s-OFDM) 



· Recommended WF
· TBA

	Company
	Comments

	Huawei, HiSilicon
	Issue 2-7-1: SNR evaluation activity in RAN4
We think SNR evaluation is important for RAN4 study. Ok with moderator’s view that the work can be done by RAN1 with consideration of RF impairments.
Issue 2-7-2: Simulation assumption for SNR 
Depends on issue 2-7-1. If the work is done by RAN1, the assumptions should be discussed in RAN1 instead.

	Ericsson
	Issue 2-7-1: support P2. 
Issue 2-7-2: relate to issue 2-7-1.

	Qualcomm
	Issue 2-7-1: SNR evaluation activity in RAN4
We support proposal 2
In our view RAN4 can study the SINR impact via modeling filters, non-linearity, ACS/ACSC and phase noise. There is no need for detailed link level simulations. Rather, RAN4 can communicate the SINR findings to RAN1 which can then use the information in their simulations.
Issue 2-7-2: Simulation assumption for SNR 
These are not needed, see response to issue above.

	MediaTek
	Issue 2-7-1: SNR evaluation activity in RAN4
Agree with Proposal 2.
 

	vivo
	Issue 2-7-1: SNR evaluation activity in RAN4
Proposal 2. RF impairment and key aspects in issue 2-7-2, if identified in RAN4, can be sent to RAN1 for consideration.

	Samsung
	Issue 2-7-1: Proposal 2

	Xiaomi
	Issue 2-7-1:
Support proposal 2.

	SONY
	Issue 2-7-1: SNR evaluation activity in RAN4
We support proposal 2. SINR evaluations can be done in RAN1. RAN4 can communicate RF impairments to RAN1 to help in the RAN1 SINR evaluation.

	Apple
	Issue 2-7-1: we support the Moderator’s proposal, and it seems that the proposed simulation assumptions in Issue 2-7-2 might not be needed.



Sub-topic 2-8 Architeture down-selection 
Issue 2-8-1: Whether down-selection is needed in RAN4
· Proposals
· Option 1: Down selection of UE architectures should be considered in RAN4. (Huawei, Samsung, Apple, ZTE)
· Option 2: No down-selection is needed.
· Recommended WF
· TBA

Issue 2-8-2: How to make down-selection in RAN4
· Proposals
· Proposal 1: The architecture design for LP-WUR should strive to comparable REFSENS with legacy signals, which is considered as one criteria for architecture selection. (Samsung)
· Recommended WF
· TBA

Issue 2-8-3: Architecture priority discussion
· Proposals
· Proposal 1: Remove RF envelope detector from RAN4 study scope and inform the decision to RAN1. (Qualcomm, Samsung, Huawei)
· Proposal 2: For the case of WUS placed in-channel with NR, both RF and IF envelope detector based receivers should be de-prioritized. (Apple)
· Proposal 3: Deprioritize the RF ED architecture for LP-WUR architecture. (ZTE)
· Recommended WF
· TBA

Issue 2-8-4: Pros and Cons of different architecture to RAN1
· Proposals
· Proposal 1: Inform RAN1 that both IF and baseband envelope detection architectures benefit, i.e. they can provide more filtering towards unwanted signals, when there is limited flexibility in the WUS location and WUS is not allowed to be placed at the outer edge of the carrier. This can enable simpler RF HW and power savings. (Qualcomm)
· Proposal 2: The impact of adjacent subcarrier interference will be most severe in envelope dector based receivers. Tunable, high order filters will need to be employed in both the RF and IF ED architectures along with significant guard band bandwidth. (Apple)
· Proposal 3: RF envelop detector architecture may have issue with ACS and inband blocking requirement for existing NR bands. High Q IF BPF filter is needed in IF ED architecture. (Ericsson)
· Recommended WF
· TBA

	Company
	Comments

	Huawei, HiSilicon
	Issue 2-8-1: Whether down-selection is needed in RAN4
Support option 1.
Issue 2-8-2: How to make down-selection in RAN4
Support option 1.
Issue 2-8-3: Architecture priority discussion
Support proposal 1. For proposal 2, we understand that UE may not implement too many analog filters, but several fixed filters could be possible, so we think IF envelope detector based receiver should not be excluded.
Issue 2-8-4: Pros and Cons of different architecture to RAN1
We think all mentioned issues could be considered in the GB evaluation. No need to have some conclusions right now.

	Nokia
	Issue 2-8-1: Whether down-selection is needed in RAN4
We support Option 1.
Issue 2-8-2: How to make down-selection in RAN4
We are OK with Proposal 1 
Issue 2-8-3: Architecture priority discussion
We support Proposal 1.

	Ericsson
	Issue 2-8-1: to identify the potential issue of each architecture in terms of meeting RF requirement and coverage and power consumption target should be RAN4 task, it is too early to exclude the architecture now.
Issue 2-8-2: for P1, RAN4 sent LS to ran1 , maybe wait RAN1 reply on this? REFSENS not only depend on NF, also SNR, also has dependency on main receiver NF and SNR for PDCCH.
Issue 2-8-3: there is some dependency on the dedicated band discussion. 
Issue 2-8-4: P1 may relate to the guard band discussion. P2 relate also guard band design for IF ED.  

	Qualcomm
	Issue 2-8-1: Whether down-selection is needed in RAN4
Support option 1.
Issue 2-8-2: How to make down-selection in RAN4
REFSENS is not correct criteria as target SNR may be different from legacy. 
Issue 2-8-3: Architecture priority discussion
Support proposal 1 and 3, we not see practical difference between them.
Issue 2-8-4: Pros and Cons of different architecture to RAN1
We agree with proposal 1 and 3 and partly also with proposal 2. In proposal 2 it is not quite clear whether tunable filter is needed in IF ED architecture if LO can handle the tuning.

	MediaTek
	Issue 2-8-1: Whether down-selection is needed in RAN4
Option 1.
Issue 2-8-2: How to make down-selection in RAN4
We think low power and low cost target should also be considered when performing architecture down-selection.
Issue 2-8-3: Architecture priority discussion
Ok with Proposal 1.

	ZTE
	Issue 2-8-1: Whether down-selection is needed in RAN4
Option 1.
Issue 2-8-3: Architecture priority discussion
No big different betweeo proposal 1 and proposal 3, Ok with either.

	vivo
	Issue 2-8-1: Whether down-selection is needed in RAN4
Share similar view with Ericsson. Given this meeting, we conclude the analysis framework, and it can be expected that companies would submit analysis results for ACS/ASCS, guard RBs, and other aspects, we can further compare the pros and cons of each architecture based on the analysis results.
By now, it is too early to remove specific architecture. 
Issue 2-8-2: How to make down-selection in RAN4
All the RAN4 related aspects should be considered jointly, single criteria like power consumption, or cost would not be sufficient to make decision.
Issue 2-8-3: Architecture priority discussion
Based on our comments in issue 2-8-1, we think down-selection would be further discussed.
Issue 2-8-4: Pros and Cons of different architecture to RAN1
For proposal 1, this is mentioned in topic 2-3.
For proposal 2 and proposal 3, generally are OK, but it would be good to make conclusion based on analysis with the agreed framework next meeting.

	Xiaomi
	Issue 2-8-1: Whether down-selection is needed in RAN4.
Share similar view with Ericsson and Vivo, it’s too early to exclude any architecture in RAN4, RAN4 should further compare the pro and cons of each ahrchitecture.

	Sony
	Issue 2-8-1: Whether down-selection is needed in RAN4
Option 2: We think it is too early for down-selection. Further, the down-selection should be done in RAN1, based on RAN4 input. The appropriate architecture is not just based on RAN4 discussion (e.g. we need to choose an architecture that supports measurements, intercell interference, handover etc: these things are likely to be handled outside RAN4).
Issue 2-8-2: How to make down-selection in RAN4
We don’t think REFSENS is the correct criteria. We think the selection shall be based on system performance (coverage) and supported features (measurements, handover, spectral efficiency, data rate) versus cost such as complexity and current consumption.
Issue 2-8-3: Architecture priority discussion
We don’t think any architecture shall be ruled out at this stage.
Issue 2-8-4: Pros and Cons of different architecture to RAN1
Proposal 1: As already noted a good discussion with RAN1 is needed. To inform RAN1 of pros and cons with each architecture is part of that.
Proposal 2 and 3 are more observations which we agree with.

	Apple
	Issue 2-8-1: Support Option 1
Issue 2-8-2: Proposal 1 is difficult to contemplate, considering that the basic definition of WUS REFSENS is not yet known, and the definition of “legacy NR signals” is quite broad.
Issue 2-8-3: Support Proposal 2 as the proponent; we are OK with Proposal 1, in case RAN4 prefers to make incremental progress with architecture down-selection
Issue 2-8-4: Support Proposal 2 as the proponent



Companies views’ collection for 1st round 
Open issues 
(Captured in the previous section).
CRs/TPs comments collection
(none)
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #2-1 General for WUR architecture
	Issue 2-1-1: Frequency range 
Moderator: all companies support P1.
Agreements:
· RAN4 focus on FR1 frequency ranges first priority, 2.6GHz can be selected as an example band.
 Recommendations for 2nd round: N/A

Issue 2-1-2: UE type 
Moderator: companies are OK with all the proposals.
Agreements:
· Based on RAN1 agreements, RAN4 should consider all the UE types mentioned in the SID, e.g. IoT devices, Wearable devices, and e-MBB devices. The cost aspect can also be considered for the design of LP-WUS/WUR scheme.
 Recommendations for 2nd round: N/A

Issue 2-1-3: number of Rx chain 
Moderator: given FR1 is prioritized, RAN4 should focus on the discussions on FR1. For FR2, companies think 1Rx may not be enough, which can be discussed separately, if needed.
No agreements are needed for this issue.
Recommendations for 2nd round: N/A

Issue 2-1-4: general views for WUR architectures 
Moderator: for P1, 4 companies support it, other companies think P1 need further discussions. Most Companies think P2 is pure RAN1 scope, no discussion is needed in RAN4. P3 is one of the architectures considered in RAN1 LS, not be necessary to add further candidates.
Tentative agreements:
· Further discuss P1 in 2nd round.
· WUS repetition is signal design which is RAN1 task, no RAN4 discussion is needed.
· Architecture in P3 belongs to the general architectures mentioned in RAN1 LS.
Recommendations for 2nd round:
· Further discuss and confirm whether WUR need to be capable of configuring the same raster point with main receiver.


	Sub-topic # 2-2 Gap RB definition for LP-WUS
	Moderator: This topic is treated in Monday GTW ad-hoc session. Group achieve good progress with the following agreements which are further confirmed in 1st round.
Issue 2-2-1: Guardgap definition for LP-WUS
Agreements:
· RAN4 use guard RBs (if needed) for LP-WUS, which is Granularity of RB. The traditional guardband for NR channel bandwidth defined in TS 101-1 should not be changed.
· For case when WUS is smaller than NR channel bandwidth
· For case 2-1, the LP-WUS guard RB is number RBs between LP-WUS and NR signals (edge of WUR RB location to nearest edge of eMBB RB)
· For case 2-2, the WUS is placed at the edge of the NR channel bandwidth, i.e. the lowest/highest RB of WUS with guard RBs is aligned with the lowest/highest NR transmission bandwidth configuration in spec TS 38.101-1. 
· [For case when the WUS/WUR is same as NR channel bandwidth]
· For case 1, the LP-WUS guard RBs is number RBs between LP-WUS and traditional guardband (edge of WUR RB location to Outermost of NRB)
· RAN4 should further check with RAN1 for this case
· FFS whether the guard RBs should be symmetric within the WUS channel bandwidth.

Issue 2-2-2: Whether guardgap is needed for LP-WUR
Agreements:
· How many RBs for guard is FFS. RAN4 should further evaluate this number based on the cases identified in issue 2-2-1.
· The size of guard RBs from implementation perspective for LP-WUS should be determined in RAN4.
Recommendations for 2nd round: N/A

	Sub-topic # 2-3 UE Adjacent Carrier/Sub-Carrier Selectivity (ACS/ASCS) evaluation
	Issue 2-3-1: General evaluation framework for both ACS and ASCS
Moderator: this topic is treated in Monday GTW ad-hoc session, we achieve good progress. The tentative agreements are further check in 1st round, companies are OK with the tentative agreements, and provide the following further suggestions:
· further clarification on the targeted scenario are needed, whether WUR and main receiver RF bandwidth, same or different? what is frequency stability, which WUR architecture?
· SINR will help in evaluating if the impact is meaningful
From moderator perspective: we would like to clarify that based on agreements in issue 2-2-1, RAN4 focus on in-band case first, i.e. 2-1 and 2-2, the NR channel bandwidth is wider than WUS. It means that 5MHz WUS within 5MHz NR channel needs further check with RAN1. All the WUR architecture in RAN1 LS should be considered. RAN4 can further discuss the frequency stability, and whether SINR at wanted signal at detector input is needed.
Agreements:
· 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 antennation 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
· Coexistence-simulation-based framework can also be considered
· FFS on details of coexistence study (if needed) of LP-WUS
· Coverage should be considered
Recommendations for 2nd round:  
· RAN4 can further discuss whether SINR at detector input should be evaluated.
· frequency stability assumed in RAN4

Issue 2-3-2: LP-WUS evaluation scenarios for study purpose
Moderator: companies have different views on NR RF CBW, but most companies think 3 CBW is sufficient. RAN4 may need further confirm the NR CBW in 2nd round. 
Tentative Agreements:
· Consider a limited set of WUS scenarios in table below for study purpose in RAN4 
Table 1: LP-WUS evaluation scenarios

	NR RF channel BW
	Decided in 2nd round

	Guardband of NR channel
	Unchanged, defined in Clause 5.3.3 in TS 38.101-1

	WUS BW within NR channel
	1.44MHz, 5.04 MHz

	WUS RB allocation (Note 1)
	[6] RB in 1.44 MHz, total 8 RBs, or other number of RBs
[24] RB in 5.04 MHz, total 28 RBs, or other number of RBs

	WUS placement within NR channel
	3 cases: 
· case 1: Center; 
· case 2: edge; 
· case 3: between center and edge of NR channel

	Guard RB size of LP-WUS
	· 0 RB, 1RB at each side, 2RBs at each side, or other number of RBs. 
· Asymmetric guard RB can also be considered

	ACS interferer
	According to RF CBW

	Filter characteristic
	Lowpass, 2nd to 5th order Butterworth
Both analog and digital filter can be considered

	Filter passband BW
	At least WUS bandwidth (number of RBs), depends on guard RB size

	LO frequency
	Case 1: In the middle of WUS (modeling fixed WUS position)
Case 2: In the middle of RF channel (modeling flexible WUS location)

	Target ACS
	TBD

	Target ASCS
	TBD

	Target WUS SNR
	TBD

	RF impairment
	FFS

	Note 1: the maximum number of allocated WUS RBs, depends on how many Guard RBs are needed. 5MHz WUS within 5MHz NR CBW is not considered currently. 



Recommendations for 2nd round:  
· Confirm the above tentative agreements.
· Make decision on NR CBW: 
· 5MHz for 1.4MHz WUS; 20MHz/100MHz or 10MHz/50MHz for 5MHz WUS;

Issue 2-3-3: How to determine guardgap for LP-WUS
Moderator: based on the agreements in issue 2-3-1 and 2-3-2, the guard RBs size is impacted by several aspects like, ACS/ASCS, filter, SNR…
RAN4 can perform further evaluation. No agreements on how to determine the guard RBs in this meeting. 
Tentative Agreements:
· RAN4 can perform more analysis based on the framework in issue 2-3-1 and selected scenarios in 2-3-2, and further discuss how to determine guard RBs next meeting.
Recommendations for 2nd round:  
· check and confirm the above tentative agreements.

Issue 2-3-4: Whether WUS can be flexibly located within the NR carrier
Moderator: majority companies support flexible WUS location. One company say there are benefits when WUS is not scheduled at outer edges of the RF channel bandwidth. One company thinks further discuss pros and cons of whether LP-WUS needs to be flexibly located.
Tentative Agreements:
· LP-WUS can be flexible located within NR carrier.
· FFS whether additional restriction is needed for LP-WUS location
· pros and cons of flexible WUS location can be studied
Recommendations for 2nd round:  
· check and confirm the above tentative agreements.

Issue 2-3-5: Filter assumption for LP-WUS ACS/ASCS study
Moderator: this is covered in issue 2-3-2. Digital filter can also be considered, see updated table in issue 2-3-2.
Recommendations for 2nd round:  
· discuss issue2-3-2 directly.

Issue 2-3-6: Phase noise impacts
Moderator: companies are OK with P1, for further study. But for P2, no aligned understanding on whether phase noise profile should be defined for LP-WUS.
Tentative Agreements:
· ASCS and guard RBs study can consider the receiver non-linearity, phase noise, and the required wake-up signal SNR.
· FFS whether RAN4 should agree on a phase noise profile for wake-up receiver study
Recommendations for 2nd round:  
· check and confirm the above tentative agreements.

Issue 2-3-7: Interference from WUS to NR carrier
Moderator: some companies are OK with the proposal, some companies think this is RAN1 scope, not sure which information should be sent to RAN1.  
Recommendations for 2nd round:  
· further discuss whether some information related to spectral characteristics of the wake-up signal should be sent to RAN1.

Issue 2-3-8: ACS/ASCS values
Moderator: ACS and ASCS values will be further discussed next RAN4 meeting. 
Recommendations for 2nd round: N/A 


	Sub-topic #2-4 UE Noise figure and impacts of RF impairments
	Issue 2-4-1: General views on NF
Moderator: companies are generally OK with the descriptions in the Proposal, but have different understandings on whether/which information should be sent to RAN1. 
Given coverage target has been asked to RAN1 last meeting, suggest to wait for the reply LS. 
Recommendations for 2nd round: N/A 

Issue 2-4-2: Noise figure value for each architecture 
Moderator: companies have different views. Majority thinks to wait for further information from RAN1 on coverage and SNR.
Recommendations for 2nd round: N/A 

Issue 2-4-3: REFSENS/coverage for LP-WUS 
Moderator: companies have different views. Majority thinks to wait for further information from RAN1 on sensitivity and comparable NR channel X.
Recommendations for 2nd round: N/A 


	Sub-topic # 2-5 BS RF impacts
	Issue 2-5-1: Whether RAN4 should study LP-WUS power boosting
Moderator: 5 companies support option 1, 3 companies support option 2. Given RAN1 has assumed power boosting, RAN4 should further discuss feasible LP-WUS power boosting value.
Recommendations for 2nd round: 
· Further discuss RAN4 target for LP-WUS power boosting, and which power level should be studied. 

Issue 2-5-2: If study in RAN4, which power boosting level can be considered in RAN4
Moderator: this is covered by issue 2-5-1

Issue 2-5-3: other gNB impacts
Moderator: P1 is generally OK, but companies have different interpretation for the wording. 
Tentative agreements:
RAN4 recommends RAN1 to prioritize signal design which allow re-use of current gNB HW.
Recommendations for 2nd round: 
· Check and confirm the tentative agreements. 


	Sub-topic #2-6 Separate band for LP-WUS
	Issue 2-6-1: Whether a dedicated band for WUS is needed 
Moderator: majority views support no dedicated band for WUS. 2 companies think P2 is feasible.
Recommendations for 2nd round: 
· Further discuss 

Issue 2-6-2: Requirements impacts, if dedicated band for LP-WUS is used 
Recommendations for 2nd round: 
· Further discuss 


	Sub-topic# 2-7 SNR evaluation
	Issue 2-7-1: SNR evaluation activity in RAN4
Moderator: companies support P2.
Agreements:
· RAN1 is performing SNR evaluation, the WUS SNR analysis can be done in RAN1. RF impairments, e.g. frequency error and ADC sampling accuracy, can be sent to RAN1 for consideration.
Recommendations for 2nd round: N/A

Issue 2-7-2: Simulation assumption for SNR 
Moderator: based on agreements in issue 2-7-1, no assumption for SNR in RAN4.
Recommendations for 2nd round: N/A


	Sub-topic# 2-8 Architecture down-selection
	Issue 2-8-1: Whether down-selection is needed in RAN4
Moderator: 6 support down-selection this meeting. 4 companies think it is too early to make decision, further analysis is needed. Suggest to further discuss.
Recommendations for 2nd round: N/A

Issue 2-8-2: How to make down-selection in RAN4
Moderator: companies share quite diverged views. Further discuss next meeting, based on further analysis.
Recommendations for 2nd round: N/A

Issue 2-8-3: Architecture priority discussion
This is covered by issue 2-8-1. 

Issue 2-8-4: Pros and Cons of different architecture to RAN1
Moderator: companies share different views on architecture.
 Pros and Cons of different architecture can be provided with detailed analysis next meeting, based on agreed framework and selected scenarios in sub-topic#2 and #3.



CRs/TPs
none
Discussion on 2nd round 
Discuss the WF in 2nd round
Topic #3: LP-WUS designs
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304035
	Nokia, Nokia Shanghai Bell
	1. The LP-WUS modulation scheme selected should be easy to generate using the existing gNB architecture. OOK modulation schemes can be used via DFT spreading.
1. The LP-WUS modulation scheme selected should be resource efficient and should ensure efficient multiplexing with other NR signals. Compared to standard OFDMA, OOK is not resource efficient. However, it can be multiplexed with other NR signals.
1. The CP inclusion in the time domain waveform for every transmitted OFDM symbol has an impact on the LR reception.
1. OOK will suffer from ISI in a multi-path channel.
1. gNB should consider the impact of CP while designing the LP-WUS signal. 
Evaluate if LR must discard padding symbols inserted by the gNB to overcome the CP impact. 
OFDM based LR should be included in the studies. 
Effect of LP-WUS signal on the network throughput and efficiency should be studied.

	R4-2305111
	vivo
	Observation 1: For single-bit in 1 OFDM symbol, the spectrum can be uniformly distributed in the allocate resources.
Observation 2: Regarding the block ‘signal generation and modification’ in option OOK-4, signal modification can be used for making PSD of LP-WUS flatter.
Observation 3: RAN4 may also need to consider the FSK-based and OFDM-based architectures.
Proposal 1: Adopt signal modification for making PSD of LP-WUS flatter to meet BS dynamic range requirements.
Proposal 2: RAN4 focus on the discussions on LS related issues, FSK-based and OFDM-based architectures can be treated with contribution driven manner.

	R4-2305640
	Ericsson
	Proposal 1:For M-bit OOK generation with least square waveform fitting, the PAPR aspects should be further studied.



Open issues summary
Sub-topic 3-1 WUS design
Issue 3-1: Work management in RAN4 on WUS signal design discussion
· Proposals
· Option 1: WUS signal design should be discussed in RAN1, if RAN4 related issues identified, discussions can be triggered by RAN1 via LS. (moderator)
· Option 2: other
· Recommended WF
· Option 1

Issue 3-2: WUS PSD issue
· Proposals
· Proposal 1: For M-bit OOK generation with least square waveform fitting, the PAPR aspects should be further studied. (Ericsson)
· Proposal 2: Adopt signal modification for making PSD of LP-WUS flatter to meet BS dynamic range requirements. (vivo)
· Recommended WF
· TBA

Issue 3-3: LP-WUS design
· 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.
· Proposal 3: Effect of LP-WUS signal on the network throughput and efficiency should be studied.
· Recommended WF
· TBA

Issue 3-4: other receiver architectures for WUR
· Proposals
· Proposal 1: Further investigation is needed on WUS signal generation using the OFDM transmitter. (Ericsson, Nokia)
· Proposal 2: RAN4 focus on the discussions on LS related issues, FSK-based and OFDM-based architectures can be treated with contribution driven manner. (vivo)
· Recommended WF
· TBA
	Company
	Comments

	Huawei, HiSilicon
	Issue 3-1: Work management in RAN4 on WUS signal design discussion
We support option 1.
Issue 3-2: WUS PSD issue
Relevant to option 1. The signal design and corresponding issues can be left to RAN1.
Issue 3-3: LP-WUS design
Relevant to option 1. The signal design can be left to RAN1.
Issue 3-4: other receiver architectures for WUR
Relevant to option 1. The signal design can be left to RAN1.

	Ericsson
	Issue 3-1: we see RAN4 still need to evaluate the gNB RF impact, too early to conclude now.
Issue 3-2: propose further investigation needed.
Issue 3-3: P1 is fine. P2 is up to WUR implementation,  P3, does it relate to the guard band size design?
Issue 3-4:P1 is fine. P2 is fine.

	Qualcomm
	Issue 3-1: Work management in RAN4 on WUS signal design discussion
In addition to option 1, RAN4 can pro-actively provide information to RAN4 on observations which may impact signal design.
Issue 3-2: WUS PSD issue
For proposal 2, this is RAN1 decision but RAN4 can communicate our preference to RAN1.
Issue 3-3: LP-WUS design
All proposals go more into RAN1 area, but in general we support RAN4 communicating observations to RAN1 also in this area
Issue 3-4: other receiver architectures for WUR
For proposal 2, as RAN1 is already looking into FSK and OFDM, RAN4 can provide feedback on those even if there is no new LS. 

	MediaTek
	Issue 3-1: Work management in RAN4 on WUS signal design discussion
Fine with Option 1.
Issue 3-2: WUS PSD issue
Fine with Proposal 1.
Issue 3-3: LP-WUS design
LP-WUS design is done in RAN1. RAN4 can study effect of LP-WUS on the network throughput and efficiency, i.e., Proposal 3.
Issue 3-4: other receiver architectures for WUR
Two proposals seem not talking about the same thing, where Proposal 1 sounds related to WUS transmitter, not WUR (receiver) architecture. Both options make sense otherwise.

	ZTE
	Issue 3-1: Work management in RAN4 on WUS signal design discussion
Fine with option 1.

	vivo
	Issue 3-1: Work management in RAN4 on WUS signal design discussion
We support option 1. The further supplement from Qualcomm is also OK to us. 
Issue 3-2: WUS PSD issue
This issue has been identified in RAN1, and is under discussion. We can leave it to RAN1. No RAN4 further actions for this point.
Issue 3-3: LP-WUS design
We also suggest to leave these detailed signal design to RAN1. If RAN4 identify RF requirement/implementation related key issues, we can inform RAN1 for consideration..
Issue 3-4: other receiver architectures for WUR
Both proposals are OK to us. We just want to clarify that it would be good to finalize the issues raised in RAN1 LS first.

	Samsung
	Issue 3-1: Support option 1
Issue 3-2/3: Can be left for RAN1
Issue 3-1: Both proposals are fine

	SONY
	Issue 3-1: Work management in RAN4 on WUS signal design discussion
Agree with proposal. The L1 signal design should be done in RAN1 and RAN4 can provide input when necessary / requested.

	Apple
	Issue 3-1: agree with Option 1



Companies views’ collection for 1st round 
Open issues 
(Captured in the previous section).
CRs/TPs comments collection
(none)
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #3 WUS design
	Issue 3-1: Work management in RAN4 on WUS signal design discussion
Moderator: companies support option 1.
Tentative agreements:
· WUS signal design should be discussed in RAN1, if RAN4 related issues identified, discussions can be triggered by RAN1 via LS. RAN4 can pro-actively provide information to RAN4 on observations which may impact signal design.
Recommendations for 2nd round: check and confirm the tentative agreements in 2nd round.

Issue 3-2: WUS PSD issue
This has been covered by issue 3-1.

Issue 3-3: LP-WUS design
This has been covered by issue 3-1.

Issue 3-4: other receiver architectures for WUR
P1 is covered by issue 3-1. P2 is WUR discussion management.
Tentative agreements:
· RAN4 focus on the discussions on LS related issues, FSK-based and OFDM-based architectures can be treated with contribution driven manner.
Recommendations for 2nd round: check and confirm the tentative agreements in 2nd round.




CRs/TPs
none
Discussion on 2nd round 
Discuss the WF in 2nd round
Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on LP-WUS
	vivo
	Capture agreements

	
	
	
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2304035
	
	Evaluation of wake-up signal designs
	Nokia, Nokia Shanghai Bell
	Noted 
	

	R4-2304103
	
	RF aspects of low-power wake up receiver
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304196
	
	discussion on low power WUS architectures
	CMCC
	Noted
	

	R4-2304283
	
	Low-power wake-up receiver RF aspects
	Qualcomm Inc.
	Noted
	

	R4-2304342
	
	On low-power wake-up signal and receiver for NR
	Apple
	Noted
	

	R4-2304722
	
	Views on LP-WUR architectures
	Samsung
	Noted
	

	R4-2305110
	
	Further discussions on low-power Wake-up Receiver architectures
	vivo
	Noted
	

	R4-2305111
	
	Discussions on low-power Wake-up Signal designs
	vivo
	Noted
	

	R4-2305112
	
	[draft] reply LS to RAN1 on low-power wake-up receiver architectures
	vivo
	To be revised
	Reply LS to RAN1

	R4-2305126
	
	Views on LP-WUR/LP-WUS
	ZTE Corporation
	Noted
	

	R4-2305567
	
	Further consideration on LP-WUS/WUR
	Huawei, HiSilicon
	Noted
	

	R4-2305639
	
	LS reply on low-power wake-up receiver architectures
	Ericsson
	Noted
	

	R4-2305640
	
	Evaluation of wake-up signal designs
	Ericsson
	Noted
	

	R4-2305641
	
	Evaluation of Low power wake-up receiver architectures
	Ericsson
	Noted
	

	R4-2305783
	
	Further discussion on LP-WUR architecture
	MediaTek Inc.
	Noted
	

	
	
	
	
	
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-23xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-23xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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