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Topic #1: LP-WUR architectures
[bookmark: _Hlk128049085]Sub-topic 1-1 updated Guard RB for ACS/ASCS
Issue 1-1-1: Updated number of guard RBs for LP-WUS ACS
· Proposals
· Proposal 1: It’s suggested to capture table 2-3 for ACS into final TR. (CMCC)
· Proposal 2: to avoid adjacent channel interference, 5 order butterworth filter is suggested with max 2PRB (30kHz SCS) guard RB. (CMCC)
· Proposal 3: Based on companies’ further analysis, RAN4 discuss whether previous agreed number of guard RBs for ACS (for 5th order filter, the guard RB number is in the range of 1RB ~ 3RBs for 30KHz SCS) can be further converged, e.g., 1RB~2RBs. (Moderator)
· Proposal 4: At least 6 RB offset (Qualcomm)
· Proposal 5: depend on OOK bit number and filter order, [6-10] RB for OOK1 and filter order of 6, for OOK2, can only work when it place in middle with filter order 6 (Ericsson)
· The RB number is offset rather than blanking the RB outside the WUS BW
Agreements:
Capture simulations results contributed this meeting as company input to TR. 
Keep current agreement in reply LS as it is and add a sub-bullet to say that the required guard RBs might be updated/confirmed next meeting based on data considering additional/combined RF impairments, if needed. 

Issue 1-1-2: Updated number of guard RBs for LP-WUS ASCS
· Observations and Proposals
· Observation 1: One PRB worth of guard RB with 30 KHz SCS is enough, provided the CFO is under ± 100 ppm. However, in case of ±200 ppm of residual frequency error, there is a minor improvement in the required SNR by an additional guard RB. (Nokia)
· Observation 2: Given the low chip rate, filter order doesn’t seem to impact performance, as in, given a modulation scheme, number of guard RBs and residual frequency error, increasing the filter order does not provide significant reduction in the required SNR. (Nokia)
· Proposal 1: It’s suggested to capture table 4-5 for ASCS into final TR. (CMCC)
· Proposal 2: For 30KHz SCS one PRB worth of guard RB can be used for ASCS. (Nokia)
· Proposal 3: No guard RB is needed against adjacent subcarrier interference. (Qualcomm)
· Proposal 4: Based on companies’ further analysis, RAN4 discuss whether previous agreed number of guard RBs for ASCS (for 5th order filter, the guard RB number is in the range of 0.5RB ~ 2RBs for 30KHz SCS) can be further converged, e.g., 0RB~1RB. (Moderator)
· Proposal 5: The number of guard RB within the WUS signal for ASCS case does not need to be greater than 1, increasing the number of the guard RB within the WUS signal may have penalty on the SNR (Ericsson)

Agreements:
Update the required number of guard RBs for ASCS to 0RB~1RB for 30kHz SCS, capture in TR as RAN4 evaluation outcome.

Sub-topic 1-2 Guard RB placement within NR channel
Issue 1-2-1: Guard RBs placement for LP-WUS ACS case  
· Observations and Proposals
· Observation 1: Guard RBs are part of the WUS signals and will be treated as a single entity from scheduling point of view by the gNB. (Nokia)
· Observation 2: Using guard RBs for legacy NR transmission will defeat the purpose of having guard RBs in the first place. (Nokia)
· Proposal 1: Guard RBs are part of the WUS signal and should not be used for any other NR signal. (Nokia)
· Proposal 2: Use the RB offset instead of guard RB for ACS case (no need to blank the eMBB signal if the guard RB would be placed outside the WUS BW). (Ericsson)
· Recommended WF
· TBA

Agreements:
For ASCS, the guard RBs belongs to “WUS carrier”, the overall RBs should within “WUS carrier” bandwidth.
For ACS, the required guard RBs are blanked or with an offset between WUS carrier edge and channel edge. 
· 	FFS guard RBs can be WUS inband guard RBs, or NR RBs. In case of the offset, RBs within the offset may not be blanked.

Issue 1-2-2: Guard RBs placement for LP-WUS ASCS case  
· Observations and Proposals
· Observation 1: RAN4 made the assumption the guard RB can be outside the WUS BW but RAN1 has no agreement on this yet. (Ericsson)
· Proposal 1: Focus the discussion on the guard RB placement inside or outside WUS BW only for ASCS case. (Ericsson)
· Proposal 2: Guard RB should only be placed within the WUS BW. (Ericsson)
· Proposal 3:	Whether RAN4 define the guard RB outside the WUS BW needs more discussion. (Ericsson)
· Recommended WF
· TBA

This is covered in issue 1-2-1

Sub-topic 1-3 UE Noise Figure 
Issue 1-3-1: Noise Figure range for LP-WUR (LR) 
· Observations and Proposals
· Observation 1: The above assumed NF of each architecture has dependency on power consumption. NF range in RAN1 for each architecture is quite large, the lower bound and upper bound may not be reasonable from RAN4 perspective. (vivo)
· Observation 2: The typical NF assumption of MR is different, which is assumed as ~9dB when developing REFSENS in RAN4, however, assumed as 7dB in RAN1. (vivo)
· Observation 3: The values for NF and required SNR for NR channel in RAN1 coverage simulation are different with the values used in RAN4. (ZTE)
· Observation 4: Low power consumption needs to be balanced with negative impacts to performance. (Qualcomm)
· Observation 5: Required NF can be concluded based on coverage target, which is expected to full coverage of the cell, and SNR where wake-up signal can be successfully detected. For reference, 9 dB NF and -1 dB SNR is used for typical NR UE in reference sensitivity test case, but typical NR UE also has 2 receivers. RAN1 should take into account in wake-up signal design that lower SNR will enable higher NF and therefore also lower power consumption. 9 dB noise figure would not be possible to reach at least with RF envelope detection. (Qualcomm)
· Proposal 1: Given different assumption of MR NF in RAN1 and RAN4, for easy understanding, RAN4 can further discuss the “delta” NF compared between LR and MR. (vivo)
· Proposal 2: RAN4 can further check whether the delta NF values could be more converged based on considerations of implementation perspective and potential RF requirements. (vivo)
· Proposal 3: The following delta NF (gap between LR and MR) for WUR can be considered in RAN4: 
For OOK based WUR:
· RF-ED delta NF: [3~10] dB 
· IF-ED delta NF: [1~6] dB
· BB-ED delta NF: [1~7] dB
For OFDMA based WUR:
· Time-domain correlation delta NF: [0~10] dB
· Frequency-domain correlation delta NF: [0~3] dB
· Proposal 4: RAN4 continue to investigate the noise figure based on WUS coverage investigation. (Ericsson) 
· Proposal 5: For a certain LP-WUS waveform, one NF value should be considered for all possible architecture. (ZTE)
· Proposal 6: To consider middle value in NF ranges for OOK and FSK NF, i.e. 12.5dB. (ZTE)

Agreements:
Regarding the NF in RAN1 evaluation, RAN4 will derive RF requirement based on updated NF which is feasible from coverage and implementation perspective in WI phase. 
For LP-WUS evaluation, RAN4 could use ~9dB NF and X dB SNR (FFS channel) as an example assumption for MR coverage discussion. 
Encourage companies to share assumed NF of each architecture of LR next meeting. 
RAN4 will focus on sensitivity evaluation instead of specific NF value in WI phase.
Sub-topic 1-4 WUS power range
Issue 1-4-1: Possible LP-WUS power range
· Observations and Proposals
· Observation 1: For modulation type OOK-2 and OOK-4 with M=2, power can be increased up to 3dB without affecting the overall power budget for the BS. (Nokia)
· Observation 2: 6dB power boosted WUS signal may cause CPRI overflow and possibly increase in emissions close to carrier for some base station implementation. (Ericsson)
· Observation 3: The power boosted WUS can be mapped to separate carrier which is configured with higher PSD then other carriers. (Ericsson)
· Proposal 1: Do not use power boost as it will affect the overall power budget for the BS. (Nokia)
· Proposal 2: Power pulling of 3 dB can be used when possible (symbol constellation 1-0 and 0-1 for OOK-2 and OOK-4 with M=2). (Nokia)
· Proposal 3: Clarify in the TP that for OFDM-based WUS waveform generation existing BS power dynamic range can be reused. (vivo)
· Proposal 4: To be more specific, for OFDM-based WUS waveform, reuse existing NR RE power control dynamic range (up) of BS in TS 38.104 for LP-WUS as starting point...(ZTE)
· Proposal 5: Manufacture to declare if   power boosting for WUS signal is supported and the boosting level from 0 dB to 6B. (Ericsson)
· Recommended WF

Agreements:
Manufacture could declare power boosting for WUS signal is supported and the boosting level from 0 dB to [x]dB. Final [x] will be decided in WI phase based on further analysis.
· Encourage companies to provide analysis in RAN4#109 for upper bound of power boosting level.

Sub-topic 1-5 LP-WUS operation band 
Issue 1-5-1: Band operation for LP-WUS 
· Observations and Proposals
· Proposal 1: if RAN4 finally approve to define LP-WUS dedicated operation band, band 28 and band 41 are suggested as example band which has been globally deployed by many operators. (CMCC)
· Proposal 2: No further discussion of dedicated band for LP-WUS in RAN4 during the SI. (Huawei)
· Proposal 3: RAN4 follows RAN1 agreement and only consider the WUS and MR within the same FR1 band. (Ericsson)
· Proposal 4: RAN4 can consider the following scenarios and analyze RF impacts in WI phase: (vivo)
· 1) The band for LR and MR is the same, WUS BW (including guard RBs) is same or smaller than NR transmission bandwidth, e.g., 5MHz WUS within a NR band for LP-WUR, WUS and NR DL could be TDM/FDM mode. 
· 2) The band for LR and MR can be different, e.g., WUS located within a NR band for LP-WUR (WUS BW (including guard RBs) is same or smaller than NR transmission bandwidth), and another NR band for MR. 
· Recommended WF
· TBA
Offline Agreements:
RAN4 can consider the following scenarios and analyse RF impacts in WI phase: 
1) The band for LR and MR is the same, e.g., WUS within a NR band for LP-WUR, WUS and NR DL could be TDM/FDM mode. 
· WUS BW (including ASCS guard RBs) + ACS guard RB is same or smaller than NR transmission bandwidth,
2) The band for LR and MR can be different, e.g., WUS located within a NR band for LP-WUR, and another NR band for MR. For this case, FFS impacts on other WGs
· 	(WUS BW (including ASCS guard RBs) + ACS guard RB is same or smaller than NR transmission bandwidth)
· WUS located in a SDO band is proposed by some companies, RAN4 recognize there are some dependencies on other WGs that have not been considered 

Sub-topic 1-6 New methodology for LP-WUR RF requirements  
Issue 1-6-1: Performance metric for LP-WUR RF requirements 
· Observations and Proposals
· Observation 1: BLER and misdetection percentage are equivalent given the current assumptions regarding LP-WUS. (Nokia)
· Observation 2: Paging failure might be easier to measure in the test environment. (Nokia)
· Observation 3: Traditional throughput-based co-existence simulation is not workable for LP-WUR, RAN4 should study a new approach to specify ACS and ASCS requirements for WUR. (vivo)
· Proposal 1: Paging failure shall be used as a metric for defining UE RF requirements. (Nokia)
· Proposal 2: RAN4 should discuss a new the methodology for WUR ACS co-existence simulation in WI phase. (vivo)
· Recommended WF
· TBA

Offline Agreements:
RAN4 should discuss a new the methodology for WUR requirements in WI phase. Following can be considered:
· BLER
· Paging failure
· Misdetection ratio
· others

Issue 1-6-2: LP-WUR Sensitivity 
· Observations and Proposals
· Observation 1: Lower target SNR translates to lower power dissipation for the RF part of the LP WUR. (Apple)
· Observation 2: There is a delicate balance between complexity/energy consumption and coverage and network resources. (Sony)
· Observation 3: The coverage is determined by a combination of the LP-WUR design and the LP-WUS design. (Sony)
· Proposal 1: RAN4 should capture a summary of the companies’ proposals on sensitivity range in the TR. (Apple)
· Proposal 2: The LP-WUR could adapt its sensitivity level according to the prevailing situation in order not to consume unnecessary power. (Sony)
· Proposal 3: RAN4 should discuss a new performance metric instead of throughput to specify WUR REFSENS requirements in WI phase. (vivo)
· Recommended WF
· TBA

offline Agreements:
FFS, sensitivity requirement depends on RAN-P decision on LP-WUS coverage, which can be discussed in WI phase. 

Issue 1-6-3: LP-WUR test cases 
· Proposals 
· Proposal 1: RAN4 should discuss how to define the test case for LP-WUR RF requirements under MR idle/connected mode in WI phase. (vivo)
· Recommended WF
· TBA

Offline Agreements:
The testability issue of LP-WUR RF requirements should be discussed in WI phase.

Sub-topic 1-7 LP-WUR architectures and RF impairments
Issue 1-7-1: phase noise impacts on LP-WUR ACS and ASCS
· Proposals
· Observation 1: The phase noise has no obvious impact on the ASCS performance for filter order 4 to 10. (Ericsson) 
· Observation 2: The guard RB within the WUS signal BW should be less than 1 RB at each side of the WUS signal. Increasing the number of guard RB within the WUS BW has penalty on the SNR. (Ericsson)
· Observation 3: The phase noise has strong impact on the ACS case.  At least 3 dB SNR degradation is observed for filter order of 8 and 10.
· Observation 4: The BLER WUS performance has dependency on the modulation order of the OOK symbols (1bit, 2bit or 4 bit), filter order and shifted number of RB to the adjacent carrier.
· Observation 5: The needed shifted RB number is in the range of 6 to 10 for OOK 1 bit with filter order of 6, for OOK 2 bit of the same filter with order 6, it is preferred to place the WUS in the middle of the 20MHz channel.
· Proposal 1:	It is necessary to introduce additional RB offset between WUS signal to the ACI in the ACS test. (Ericsson)
· Recommended WF
· TBA


moderator: this issue has been covered in issue 1-2-1. No further discussion is needed. Simulation results may be captured in TR.

Issue 1-7-2: LP-WUR architectures 
· Proposals
· Proposal 1: Exclude the RF ED architecture for LP-WUR architecture. (ZTE)
· Recommended WF
· TBA

offline Agreements:
Applicability for RF ED architecture can be discussed in WI based on analysis of sensitivity and NF. 
Topic #2: TPs to RAN1 TR
Sub-topic 2-1 Outcome to RAN1
Issue 2-1-1: RAN4 study outcome handling
· Proposals
· Proposal 1: Capture the further RAN4 agreement in TR if needed. (Ericsson)
· Proposal 2: RAN4 make decision on whether final reply LS (maybe in RAN4#109 meeting) is need or not to inform RAN4’s final outcome. (moderator)
· Recommended WF
· TBA

Issue 2-1-2: TPs to TR 38.869
· Proposals
· Proposal 1: Capture and merge companies’ updated analysis results (R4-2315386, R4-2315847, R4-2316279, R4-2316280, R4-2316697, and R4-2315206) into TR, further refinement and additional agreements is required. (moderator)
· Recommended WF
· TBA

offline Agreements:
If RAN1 can implement RAN4 TP directly into TR, no further reply LS is needed. A big TP to merge all the text proposals for easily editing.
