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Introduction
This topic summary covers the discussions for Rel-19 LP-WUS UE RF.
Topic #1: General and Workplan
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404655
	vivo
	Workplan for Rel-19 LP-WUS WI


Open issues summary
Sub-topic 1-1 Workplan
Issue 1-1-1: Workplan 
· Proposals
· Proposal 1: approve the workplan in R4-2404655. 
·  Recommended WF
· Agreeable. Any refinement if necessary

Topic #2: UE RF requirements 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404195
	Apple
	Observation: It has been found that there exists a trade-off between sensitivity level and power consumption of the receiver. Stringent requirements translate into higher filter order and increased dynamic range for the LNA. While filter order increases complexity of the hardware the high dynamic range also means larger power consumption. In particular the ACS can be an important factor as LP WUR’s power consumption and adjacent channel rejection are not independent and need to be balanced for achieving optimum performance. As RAN4 proceeds with the standardisation efforts on the key RF requirements (ACS, ASCS, REFSENS and others) with respect to power consumption, it is important to consider the diverse use cases and costs which allow different hardware choices, form factors allowing and different battery capacities.
Proposal: To achieve reasonable power consumption for potential LP WUR hardware implementations, RAN4 should consider more than one set of receiver requirements with respect to architecture and waveform.

	R4-2404252
	Sony
	Observation 1	The REFSENS performance metric of throughput ≥ 95 % of the maximum throughput is not applicable to LP-WUR.
Observation 2	Since the LP-WUS needs to co-exist with other NR signals, it is reasonable to set the same ACS level for the LP-WUS receiver as the main receiver.
Observation 3	As there is no feedback on the LP-WUS receiver upon the wake-up signal, it may need a test mode so that the TE can measure the missed detection rate.
Observation 4	As an alternative to the test mode, 3GPP may also investigate whether succeeding transmissions from the main radio can be detected by the TE to measure the missed detection rate once the UE has been woken up.
Proposal 1	Use 1% missed detection rate as REFSENS metric for LP-WUR.
Proposal 2	RAN4 needs to identify the required SNR based on the proposed REFSENS performance metric (1% missed detection rate).
Proposal 3	RAN4 should aim to define one set of requirements covering all types of LP-WUS receiver.
Proposal 4	Use 1% missed detection rate as ACS and ACSC metric for LP-WUR.
Proposal 5	Define the ACS requirement for LP-WUS as 33 dB and further investigating if the ACSC should be set to the same value as the ACS requirement.
Proposal 6	RAN4 shall derive the number of guard RB based on some practical filter assumption once the ACS/ASCS requirement is agreed.
Proposal 7	RAN4 may consider leaving the testability discussion to RAN5.

	R4-2404265
	Nokia
	Observation 1: Throughput is not a valid metric for testing requirements in case of LP-WUR.
Proposal 1: Agree to derive a new common metric for LP-WUR RF requirements.
Proposal 2: Use only one methodology to determine RF requirements for LP-WUR.
Observation 2: The poor accuracy of the XO gives a large “unused” bandwidth due to more narrow baseband filter settings are needed to avoid ASCS.
Proposal 3: Consider better XO accuracy requirements for the runtime XO behaviour. This can be done with either frequency adjustment or better spec. for the XO.
Observation 3: There are still two possible receiver types for the LP-WUS, envelope detector based, and sequence detector based with different RF performance assumptions.
Observation 4: A UE might contain both type of detectors and can use any one of them.
Observation 5: It requires more effort to define two sets of requirements and will make the specification implementation dependent.
Proposal 4: Discuss if a single set of architecture agnostic requirements can be defined.
Proposal 5: Define diversity characteristics for both types of LP-WUR.
Proposal 6: Define REFSENS values and side conditions for the REFSENS requirements.
Proposal 7: Specify ACS requirements and side conditions.
Proposal 8: Specify what ASCS is and define requirements and side conditions.
Proposal 9: Define blocking characteristics and side conditions.
Proposal 10: Define intermodulation characteristics and side conditions.


	R4-2404446
	CATT
	Proposal 1: LR noise figure is set to a fixed offset plus the MR noise figure for the same band to derive REFSENS, and RAN4 can further discuss and determine the specific value of the fixed offset.
Proposal 2: Set SNR corresponding to a bit error rate Pe = 1 - 10(1/N * log10(0.95)) assuming the same bit error rate for each information bit in one LP-WUS block.

	R4-2404550
	Xiaomi
	Proposal 1: RAN4 should define the RF requirements based on both scenarios of the low-power radio (LR) and main radio (MR) working on the same band and on different band2, and further discuss which bands can support LP-WUS.
Proposal 2: The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol, and the SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation.
Proposal 3: RAN4 can first use 1.4MHz and 5MHz WUS bandwidth for FR1 as the starting point to evaluate the guard RB number for ACS and ASCS.
Proposal 4: RAN4 can discuss whether define the synchronization raster for LP-SS until RAN1 has explicit conclusion.
Proposal 5: RAN4 should define one set of REFSENs for different LP-WUR receivers, and focus on REFSENs evaluation instead of specific NF value.
Proposal 6: To define the guard RB number and required ACS and ASCS, RAN4 should research the scenarios in Table 2.2-1 and Table 2.2-3.
Proposal 7: RAN4 can first research the SINR degradation with different guard RB number and target ASCS and ACS for LP-WUR before deciding the mapping between SINR and BLER.
Proposal 8: RAN4 can use the link level simulation assumptions in Table 2.2-2 and co-existence simulation assumptions in Table 2.2-4 as the starting point to evaluate the guard RB number and required ACS and ASCS for LP-WUR.
Proposal 9: Other Rx requirements for LP-WUR can reuse legacy NR requirements, i.e., blocking, spurious response, intermodulation characteristics, and spurious emission and so on.

	R4-2404589
	Samsung
	Observation 1:	Pure receivers without transmitters such as GPS, TV, FM, are usually tested under non-signalling mode.
Observation 2:	traditional receiver requirements in 3GPP specifications are usually based on throughput measurement in a signalling mode after RRC Connection is established.
Observation 3:	LP-WUR mainly works at idle state in practical scenario while RF requirements based on signalling mode are usually specified at RRC connected state
Proposal 1:	RAN4 to down-select the test method directions from below two options
· Option 1: test with non-signalling mode
· Option 2: test with signalling mode (if feasibility confirmed)
Observation 4:	Architecture with RF envelope detection could not satisfy the WID objectives in terms of multi-band support and target coverage.
Proposal 2:	Architecture with RF envelope detection is not necessary to be considered when specifying requirements for LP-WUR
Proposal 3:	Prioritize homodyne/zero-IF architecture with baseband envelope detection than heterodyne architecture with IF envelope detection
Observation 5:	Homodyne/zero-IF architecture with OFDMA-based detection is of best Noise Figure performance among all architectures involved.
Proposal 4:	RAN4 to further discuss if separate requirements can be set for OFDMA-based detection capable UEs.
Observation 6:	In order to support RRM measurement offloading from MR to LR for UE serving cell, the RSRP measurement results difference between MR and LR should be stable and comparable.
Observation 7:	In the field, the RSRP of each antenna is varying from time to time and varying from direction to direction, it is not the case that RSRP of 1RX UE is 3dB or 6dB lower than 2RX or 4RX UE.
Observation 8:	antenna sharing between LR and MR is necessary in order to support RRM measurement offloading from MR to LR, and the more antennas shared, the better accuracy for RRM measurement offloading.
Proposal 5:	it is proposed to consider the antenna sharing architecture in order to support RRM measurement offloading.

	R4-2404656
	vivo
	Proposal 1: Use [1%] BLER as metric to specify LP-WUS receiver requirements.
Proposal 2: For LP-WUR testability issue, RAN4 can consider the following two options, e.g., 
· MR idle mode, LP-WUS no feedback. New UE test mode for LP-WUS testing
· MR connection mode, LP-WUS testing by MR close-loop feedback
Proposal 3: RAN4 should specify the ASCS requirements, the value between [18~23]dB from SI phase can be a starting point. The corresponding required min number of guard RB should also be specified.  
Proposal 4: To specify the ASCS value and number of guard RB, RAN4 should perform new link-level simulation with the aligned single-set of parameters (including RF impairments), e.g., channel structure, waveform, sampling rate, ADC bit, channel model, performance metric.
Proposal 5: RAN4 should specify ACS requirement for LP-WUS, FFS same as MR or not. The corresponding required min number of guard RB should also be specified.  
Proposal 6: RAN4 should decide whether coexistence system-level simulation (Approach 1) is needed to specify ACS requirements for LP-WUR. If needed, the simulation parameters should be aligned first, and system-level performance metric should be decided.  
Proposal 7: RAN4 should discuss and decide whether reusing the same approach of MR to derive REFSENS value for LP-WUS receiver.   
Proposal 8: RAN4 should discuss and decide how to specify the SNR value.   
Proposal 9: RAN4 further check whether other receiver requirements should be re-evaluated and specified for LR.   

	R4-2404873
	Ericsson
	Proposal-1: Exclude the RF ED architecture in Rel-19 WUR RF requirements discussion.
Proposal-2:Confirm the NF range of OFDM WUR to match the PUSCH MSG3 coverage.
Proposal-3:The WUR should tolerate the same level RF interferer as main receiver.
Proposal-4:The WUR requirement should be set in relation to the MR channel bandwidth.
Proposal-5:All legacy receiver requirements should be considered as a starting points for WUR receiver requirement.
Observation 1 The link budget calculation could be based on the parameters definition TR 38.830 and/or TR38.875
Proposal-6: RAN4 discuss the link budget calculation to derive the REFSENS for WUR when RAN1 reach conclusion on WUS signal design.

	R4-2405119
	ZTE Corporation
	Propose 1: It is needed to achieve an agreement on performance requirements for both filter suppression level analysis and link level simulation before determining guard RBs.

	R4-2405308
	CMCC
	Observation 1: for ASCS evaluation, the NR interference from the same serving gNB is the determining interference. 
Proposal 1: for ASCS evaluation, LLS is enough with the assumption that interference PSD is the same as the PSD of wanted signal.
Proposal 2: it’s suggested to use above ASCS simulation methodology as starting point.
Observation 2: above list some potential issues that may needs further check if we approve using above ASCS simulation methodology.
Proposal 3: the ASCS requirement definition should consider both the ASCS value in dB scale and also applicable guard RB.
Observation 3: 1dB SNR degradation is the experiential performance metric for interference evaluation and needs further discuss of its feasibility for new LP-WUS signal.
Observation 4: legacy co-existence simulation methodology will only derived SINR values. The performance relationship between SINR and BLER will significantly impact final co-existence results if we use BLER as co-existence simulation performance metric. 
Proposal 4: one alternative ACS simulation methodology is to reuse legacy co-existence methodology to derive SINR value and then using uniform relationship between SINR and BLER to evaluate how much LP-WUR equipment could meet target BLER requirement, e.g. 95% LP-WUR could meet 1% BLER requirements.
Observation 5: in theory, 31.5dB power difference between interference signal and wanted signal could be still applicable for LP-WUS because LP-WUR is integrated on UE.
Proposal 5: another alternative ACS evaluation methodology is to using LLS to simulate final guard RB, based on which conclude final ACS value. Details are listed as below
· LLS to conclude guard RB based on the assumed 31.5dB power difference between interference and wanted signal
· Note: a simple statistics would help to evaluate whether legacy 31.5dB is applicable or not, e.g. use 95% point on the curve to show that the 95% interference power is X dB less than wanted signal level. 
· Derived ACS with following two options
· Using filter characteristics to derive ACS.
· Note: further discuss how to reflect RF impairment for ACS evaluation
· Note: further discuss the difference between OOK and OFDM signals
· Derive ACS based on assumed REFSENSE (NF), REFSENSE degradation, power difference between interference and wanted signal
Proposal 6: it’s suggested to reuse legacy formula to conclude REFSENSE requirements and finish REFSENSE requirements for all licensed bands rather than limited to several example operation bands. 

	R4-2405381
	OPPO
	Proposal 1: Define the ACS requirement with guard RBs as the LP-WUS signal at the edge of NR channel and the interference NR signal is directly next to the first NR channel.
Proposal 2: Define the ASCS requirement as the LP-WUR capability of receiving signal in case the WUS locates at the centre of NR channel considering the guard RBs for ASCS.

	R4-2405487
	Huawei, HiSilicon
	Proposal 1: It is proposed to define 1 RB for 30kHz SCS as guard RB size for LP-WUR ASCS case.
Proposal 2: It is proposed to define no larger than 3 RB for 30kHz SCS as guard RB size for LP-WUR ACS case. FFS on the specific value with further evaluation.
Proposal 3: It is proposed to use detection probability as performance metric to define the LP-WUR Rx requirements.
Proposal 4: It is proposed to specify REFSENS for LP-WUR with 5MHz CBW, and the available RB number depends on further evaluation of guard RB size for ACS case.  
Proposal 5: One set or two sets of Rx requirements for LP-WUR depends on further evaluation of SNR for different LP-WUS waveforms.
Proposal 6: BLER <=1% is selected as the performance metric for the SNR evaluation. 
Proposal 7: To accommodate different UE architectures as well as possibly different SNR values for OOK and OFDM sequence, two different NF values could also be considered in specifying the REFSNES requirement, pending on evaluation of SNR.
Proposal 8: It is proposed to relax ACS requirement for LP-WUR from co-existence and performance perspectives. The proposed ACS could be in the range of 20~25dBc.
Proposal 9: If guard RB is specified for ASCS scenario, the requirement for ASCS may not be necessary or test of ASCS could be waived if the requirement is specified.
Proposal 10: Apart from REFSENS, ACS, Rx requirements of IBB, OBB, intermodulation as well as spurious emissions should be specified for LP-WUR. Spurious response may not need to be specified.
[bookmark: _Hlk163651655]Proposal 11: To address the testability issue for LP-WUR, it is proposed to introduce test mode for Rx requirements.
Proposal 12: UE could cache the counted number of successful detections in idle mode and send the statistical data to TE in connected mode.
Proposal 13: Both missed detection probability and false detection probability should be considered for the LP-WUR requirements test.
Proposal 14: It is proposed to consider a limited number of band(s), i.e., 900 MHz band and/or 1800 MHz band, for LP-WUS feature in Rel-19.

	R4-2404872
	Ericsson
	Observation 1 MDR is more appropriate monitoring metric for WUR receiver test.
Proposal-1: Set the SNR of the PDCCH higher than TS 38.101-4 for the corresponding antenna configuration of main receiver to decrease the PDCCH detection impact on WUR testing metric.
Proposal-2: Using the paging procedure to get the feedback from UE after LP-WUS is detected.
Proposal-3: LS to RAN5 to confirm this with text below:
RAN4 are discussing the test metric for wake up receiver RF performance test. As the WUR only detect LP-WUS/LP-SS and no other signals, legacy throughout monitoring for PDSCH is not possible anymore. Therefore, RAN4 propose the test metric of Miss Detection Rate of LP-WUS (target 1%). To test MDR of LP-WUS, there are two options to do it and RAN4 agree that it will be up to RAN5 to decide which options is suitable for WUR receiver test.
Two options below to test
1. Using the legacy paging procedure to detect successfully LP-WUS reception by WUR
2. New test mode for testing the successfully LP-WUS reception by WUR


Open issues summary
Sub-topic 2-1 General for UE RF
Issue 2-1-1: Operation bands for LP-WUR 
· Proposals
· Proposal 1: Requirements for all licensed bands rather than limited to several example operation bands. (CMCC)
· Proposal 2: It is proposed to consider a limited number of band(s), i.e., 900 MHz band and/or 1800 MHz band, for LP-WUS feature in Rel-19. (Huawei)
· Recommended WF
· RAN4 should discuss whether REFSENS is only band specific requirement for LP-WUR
· RAN4 should discuss first whether some parameters (e.g., SNR, NF) are generic for bands, the scope of bands requirements can be further discussed

Issue 2-1-2: Operation scenarios for LP-WUR and MR bands
· Proposals
· Proposal 1: RAN4 should define the RF requirements based on both scenarios of the low-power radio (LR) and main radio (MR) working on the same band and on different bands, and further discuss which bands can support LP-WUS. (Xiaomi)
· Recommended WF
· TBA

Issue 2-1-3: one or multi-Sets of requirements 
· Proposals
· Proposal 1: To achieve reasonable power consumption for potential LP WUR hardware implementations, RAN4 should consider more than one set of receiver requirements with respect to architecture and waveform. (Apple)
· Proposal 2: One set or two sets of Rx requirements for LP-WUR depends on further evaluation of SNR for different LP-WUS waveforms. (Huawei)
· Proposal 3: Discuss if a single set of architecture agnostic requirements can be defined. (Nokia)
· Proposal 4: RAN4 should define one set of REFSENs for different LP-WUR receivers, and focus on REFSENs evaluation instead of specific NF value. (Xiaomi)
· Proposal 5: RAN4 to further discuss if separate requirements can be set for OFDMA-based detection capable UEs. (Samsung)
· Proposal 6:  RAN4 should aim to define one set of requirements covering all types of LP-WUS receiver. (Sony)
· Recommended WF
· Discussion can be separated for one set for OOK-based type, and other set for OFDM-based type. And latter stage to discuss whether worse case can be as generic requirement, or not.
· SNR and NF may be different for these two types

Issue 2-1-4: Performance metric for Rx requirements 
· Proposals
· Proposal 1: It is proposed to use detection probability as performance metric to define the LP-WUR Rx requirements. (Huawei)
· Proposal 2: Use 1% missed detection rate as REFSENS, ACS and ACSC metric for LP-WUR. (Sony)
· Proposal 3: Use [1%] BLER as metric to specify LP-WUS receiver requirements. (vivo)
· Recommended WF
· 1% miss detection rate as REFSENS/receiver metric 

Issue 2-1-5: Rx antenna assumption for LP-WUR 
· Proposals
· Proposal 1: Define diversity characteristics for both types of LP-WUR. (Nokia)
· Recommended WF
· 1Rx is supported. FFS RX diversity

Issue 2-1-6: CBW and RB number for LP-WUR 
· Proposals
· Proposal 1: RAN4 can first use 1.4MHz and 5MHz WUS bandwidth for FR1 as the starting point to evaluate the guard RB number for ACS and ASCS. (Xiaomi)
· Proposal 2: It is proposed to specify REFSENS for LP-WUR with 5MHz CBW, and the available RB number depends on further evaluation of guard RB size for ACS case. (Huawei)
· Recommended WF
· Collect views on evaluation assumptions

Issue 2-1-7: SCS for LP-WUR 
· Proposals
· Proposal 1: The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol, and the SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation. (Xiaomi)
· Recommended WF
· TBA

Issue 2-1-8: sync raster for LP-WUR 
· Proposals
· Proposal 1: RAN4 can discuss whether define the synchronization raster for LP-SS until RAN1 has explicit conclusion. (Xiaomi)
· Recommended WF
· No sync raster is needed for LP-WUR based on RAN1 design

Issue 2-1-9: LP-WUR requirements related to MR CBW 
· Proposals
· Proposal 1: The WUR requirement should be set in relation to the MR channel bandwidth. (E///)


· Recommended WF
· TBA


Sub-topic 2-2 REFSENS requirements
Issue 2-2-1: Performance metric for REFSENS
· Proposals
· Proposal 1: Use 1% missed detection rate as REFSENS metric for LP-WUR. (Sony)
· Proposal 2: Use [1%] BLER as metric to specify LP-WUS receiver requirements. (vivo)
· Recommended WF
· 1% missed detection rate

Issue 2-2-2: How to specify REFSENS requirements
· Proposals
· Proposal 1: it’s suggested to reuse legacy formula to conclude REFSENSE requirements and finish REFSENSE requirements for all licensed bands rather than limited to several example operation bands. (CMCC)
· Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM
· Proposal 2: Define REFSENS values and side conditions for the REFSENS requirements. (Nokia)
· Proposal 3: RAN4 should discuss and decide whether reusing the same approach (legacy formula) of MR to derive REFSENS value for LP-WUS receiver. (vivo)
· Recommended WF
· Reuse legacy approach to derive REFSENS, further discuss SNR, NF, IM

Issue 2-2-3: How to decide SNR value (not requirement) for REFSENS
· Proposals
· Proposal 1: BLER <=1% is selected as the performance metric for the SNR evaluation. (Huawei)
· Proposal 2: RAN4 needs to identify the required SNR based on the proposed REFSENS performance metric (1% missed detection rate). (Sony)
· Proposal 3: Set SNR corresponding to a bit error rate Pe = 1 - 10(1/N * log10(0.95)) assuming the same bit error rate for each information bit in one LP-WUS block. (CATT)
· Proposal 4: RAN4 discuss the link budget calculation to derive the REFSENS for WUR when RAN1 reach conclusion on WUS signal design. (E///)
· parameters definition TR 38.830 and/or TR38.875 might be starting point
· Recommended WF
· After concluding WUS design in RAN1, the SNR to specify REFSENS requirements should be decided in RAN4

Issue 2-2-4: How to decide NF value (not requirement) for REFSENS
· Proposals
· Proposal 1: LR noise figure is set to a fixed offset plus the MR noise figure for the same band to derive REFSENS, and RAN4 can further discuss and determine the specific value of the fixed offset. (CATT)
· Proposal 2: To accommodate different UE architectures as well as possibly different SNR values for OOK and OFDM sequence, two different NF values could also be considered in specifying the REFSNES requirement, pending on evaluation of SNR. (Huawei)
· Proposal 3: Confirm the NF range of OFDM WUR to match the PUSCH MSG3 coverage. (Ericsson)
· Recommended WF
· Collecting input on NF analysis for different LP-WUR types

Issue 2-2-5: RF/Antenna Architecture considerations for LP-WUS receiver
· Proposals
· Proposal 1: Architecture with RF envelope detection is not necessary to be considered when specifying requirements for LP-WUR. (Samsung)
· Proposal 2: Prioritize homodyne/zero-IF architecture with baseband envelope detection than heterodyne architecture with IF envelope detection. (Samsung)
· Proposal 3: It is proposed to consider the antenna sharing architecture in order to support RRM measurement offloading. (Samsung)
· Proposal 4: Exclude the RF ED architecture in Rel-19 WUR RF requirements discussion. (Ericsson)
· Recommended WF
· TBA


Sub-topic 2-3 ASCS requirements
Issue 2-3-1: Simulation work for ASCS 
· Proposals
· Proposal 1: For ASCS evaluation, LLS is enough with the assumption that interference PSD is the same as the PSD of wanted signal. (CMCC)
· Proposal 2: To specify the ASCS value and number of guard RB, RAN4 should perform new link-level simulation with the aligned single-set of parameters (including RF impairments), e.g., channel structure, waveform, sampling rate, ADC bit, channel model, performance metric. (vivo)
· Recommended WF
· LLS simulation for ASCS is sufficient

Issue 2-3-2: Detailed Methodology for simulation to evaluate ASCS value and guard RB
· Proposals
· Proposal 1: it’s suggested to use below ASCS simulation methodology as starting point. (CMCC)
Following list the rough methodology for ASCS simulation methodology.
· using LLS simulation to conclude the required guard RB for ASCS with the assumption that interference PSD level is the same as that of wanted signal.
· Derived ASCS value in dB scale based on assumed filter parameter, e.g. filter order, filter type, guard RB etc
· Note, further discuss the implementation margin due to RF impairment.
· Propose 2: It is needed to achieve an agreement on performance requirements (e.g., the requirement of ASCS for filter suppression level analysis, or BLER requirement for link level simulation) for both filter suppression level analysis and link level simulation before determining guard RBs. (ZTE)
· Proposal 3: Use only one methodology to determine RF requirements for LP-WUR. (Nokia)
· Proposal 4: To define the guard RB number and required ASCS, RAN4 should research the scenarios in Table 2.2-1. (Xiaomi)
· Table 2.2-1 Link level simulation cases for in-channel scenario
	Cases
	Interference
	Aggressor
	Victim
	Direction
	Parameters

	1
	In-channel
	NR downlink signaling
	LP-WUS
	Downlink
	ASCS

	2
	In-channel
	LP-WUS
	NR downlink signaling
	Downlink
	ASCS


· Proposal 5: RAN4 can first research the SINR degradation with different guard RB number and target ASCS for LP-WUR before deciding the mapping between SINR and BLER. (Xiaomi)
· Proposal 6: Define the ASCS requirement as the LP-WUR capability of receiving signal in case the WUS locates at the centre of NR channel considering the guard RBs for ASCS. (OPPO)
· Recommended WF
· TBA

Issue 2-3-3: ASCS requirements value 
· Proposals
· Proposal 1: Specify ASCS requirements and side conditions (Nokia)
· Proposal 2: The ASCS requirement definition should consider both the ASCS value in dB scale and also applicable guard RB. (CMCC)
· Proposal 3: If guard RB is specified for ASCS scenario, the requirement for ASCS may not be necessary or test of ASCS could be waived if the requirement is specified. (Huawei)
· Proposal 4: RAN4 should specify the ASCS requirements, the value between [18~23]dB from SI phase can be a starting point. The corresponding required min number of guard RB should also be specified. (vivo)
· Recommended WF
· TBA

Issue 2-3-4: Required number of guard RB  
· Proposals
· Proposal 1: It is proposed to define 1 RB for 30kHz SCS as guard RB size for LP-WUR ASCS case. (Huawei)
· Recommended WF
· TBA

Issue 2-3-5: RF impairment considerations for ASCS 
· Proposals
· Proposal 1: Consider better XO accuracy requirements for the runtime XO behaviour. This can be done with either frequency adjustment or better spec. for the XO. (Nokia)
· Recommended WF
· TBA

Sub-topic 2-4 ACS requirements
Issue 2-4-1: coexistence System-level simulation to evaluate ACS 
· Observations and Proposals
· Observation 1: 1dB SNR degradation is the experiential performance metric for interference evaluation and needs further discuss of its feasibility for new LP-WUS signal. (CMCC)
· Observation 4: legacy co-existence simulation methodology will only derived SINR values. The performance relationship between SINR and BLER will significantly impact final co-existence results if we use BLER as co-existence simulation performance metric. (CMCC)
· Proposal 1: RAN4 should decide whether coexistence system-level simulation (Approach 1) is needed to specify ACS requirements for LP-WUR. If needed, the simulation parameters should be aligned first, and system-level performance metric should be decided. (vivo)
· This approach is the traditional way used in RAN4, but since WUS cannot use throughput as performance metric, a new metric needs to be defined to determine whether performance degradation due to interference is acceptable, e.g., mapping between SINR and BLER, SINR loss, etc.
· Proposal 2: One alternative ACS simulation methodology is to reuse legacy co-existence methodology to derive SINR value and then using uniform relationship between SINR and BLER to evaluate how much LP-WUR equipment could meet target BLER requirement, e.g. 95% LP-WUR could meet 1% BLER requirements. (CMCC)
· Proposal 3: To define the guard RB number and required ACS, RAN4 should research the scenarios in Table 2.2-3. (Xiaomi)
· Table 2.2-3 Co-existence simulation cases for adjacent channel scenario
	Cases
	Interference
	Aggressor
	Victim
	Direction
	Parameters

	3
	Adjacent channel
	NR downlink signaling
	LP-WUS
	Downlink
	LR ACS

	4
	Adjacent channel
	LP-WUS
	NR downlink signaling
	Downlink
	NR ACS


· Recommended WF
· TBA


Issue 2-4-2: Link-level simulation to evaluate ACS 
· Proposals
· Proposal 1: Another alternative ACS evaluation methodology is to using LLS to simulate final guard RB, based on which conclude final ACS value. Details are listed as below. (CMCC)
· LLS to conclude guard RB based on the assumed 31.5dB power difference between interference and wanted signal
· Note: a simple statistics would help to evaluate whether legacy 31.5dB is applicable or not, e.g. use 95% point on the curve to show that the 95% interference power is X dB less than wanted signal level. 
· Derived ACS with following two options
· Using filter characteristics to derive ACS.
· Note: further discuss how to reflect RF impairment for ACS evaluation
· Note: further discuss the difference between OOK and OFDM signals
· Derive ACS based on assumed REFSENSE (NF), REFSENSE degradation, power difference between interference and wanted signal
· Proposal 2: RAN4 can first research the SINR degradation with different guard RB number and target ACS for LP-WUR before deciding the mapping between SINR and BLER. (Xiaomi)
· Proposal 3: Alternative 2 as a simple way, Co-existence evaluation based on link-level simulation (using system-level simulation just to get interference distribution). (vivo)
· a CDF of SIR (signal-interference ratio) should be derived from system-level simulation to represent the interference distribution for a dedicated scenario, then RAN4 should discuss one reasonable interference power level and put it into the link level simulation with different ACIR, to observe the performance degradation (BLER as metric).
· Recommended WF
· TBA


Issue 2-4-3: ACS requirements value
· Proposals
· Proposal 1: Specify ACS requirements and side conditions. (Nokia, vivo)
· Proposal 2: It is proposed to relax ACS requirement for LP-WUR from co-existence and performance perspectives. The proposed ACS could be in the range of 20~25dBc. (Huawei)
· Proposal 3: Define the ACS requirement for LP-WUS as 33 dB and further investigating if the ACSC should be set to the same value as the ACS requirement. (Sony)
· Proposal 4: The WUR should tolerate the same level RF interferer as main receiver. (E///)
· Recommended WF
· ACS is to verify interference impact on REFSENS, as new receiver, LP-WUR may reasonable to consider a different value 

Issue 2-4-4: How to evaluate required guard RB for ACS case
· Proposals
· Proposal 1: It is proposed to define no larger than 3 RB for 30kHz SCS as guard RB size for LP-WUR ACS case. FFS on the specific value with further evaluation. (Huawei)
· Proposal 2: RAN4 shall derive the number of guard RB based on some practical filter assumption once the ACS/ASCS requirement is agreed. (Sony)
· Proposal 3: Define the ACS requirement with guard RBs as the LP-WUS signal at the edge of NR channel and the interference NR signal is directly next to the first NR channel. (OPPO)
· Recommended WF
· TBA

Issue 2-4-5: Detailed coexistence System-level simulation assumptions 
· Proposals
· Proposal 1: RAN4 can use the co-existence simulation assumptions in Table 2.2-4 as the starting point to evaluate the guard RB number and required ACS. (Xiaomi)
Table 2.2-4 Downlink simulation assumption for co-existence study
	 
	Base Station

	Carrier frequency
	700MHz/2.6GHz/4GHz

	gNB Channel bandwidth
	20/100MHz

	Inter-site distance
	500m/200m/25m

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	
10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas), 80 dB (rural area)

	BS antenna gain and horizontal antenna pattern
	17 dBi, [image: ] = 65 degrees, 

Am = 20 dB



	BS noise figure
	5 dB

	BS transmit power
	46 dBm/33dBm/23dBm

	BS antenna height
	45 m

	BS ACLR
	45 dB

	LP-WUR Channel bandwidth
	1.4MHz, 5MHz

	LP-WUR antenna
	Omnidirectional antenna with gain of 0 dBi

	LP-WUR noise figure
	10, 12, 15dB

	LP-WUR antenna height
	1.5 m

	LP-WUR ACS interferer
	5MHz with guardband


· Recommended WF
· TBA

Sub-topic 2-5 other UE RF requirements
Issue 2-5-1: Any other Rx requirements should be specified
· Proposals
· Proposal 1: RAN4 further check whether other receiver requirements should be re-evaluated and specified for LR. (vivo)
· Proposal 2: Apart from REFSENS, ACS, Rx requirements of IBB, OBB, intermodulation as well as spurious emissions should be specified for LP-WUR. Spurious response may not need to be specified. (Huawei)
· Proposal 3: Define blocking characteristics and side conditions, and intermodulation characteristics and side conditions. (Nokia)
· Proposal 4: Other Rx requirements for LP-WUR can reuse legacy NR requirements, i.e., blocking, spurious response, intermodulation characteristics, and spurious emission and so on. (Xiaomi)
· Proposal 5: All legacy receiver requirements should be considered as a starting points for WUR receiver requirement. (E///)
· Recommended WF
· TBA

Sub-topic 2-6 Testabilty for UE RF requirements
Issue 2-6-1: Test metric for LP-WUR receiver
· Proposals
· Proposal 1: Agree to derive a new common metric for LP-WUR RF requirements test. (Nokia)
· Proposal 2: MDR is more appropriate monitoring metric for WUR receiver test. (E///)
· Proposal 3: Both missed detection probability and false detection probability should be considered for the LP-WUR requirements test (Huawei)
· Recommended WF
· TBA

Issue 2-6-2: How to get feedback from LP-WUR 
· Proposal 1: For LP-WUR testability issue, RAN4 can consider the following two options, e.g., (vivo)
· MR idle mode, LP-WUS no feedback. New UE test mode for LP-WUS testing
· MR connection mode, LP-WUS testing by MR close-loop feedback
· Proposal 2: UE could cache the counted number of successful detections in idle mode and send the statistical data to TE in connected mode. (Huawei)
· Proposal 3: Using the paging procedure to get the feedback from UE after LP-WUS is detected. (E///)
· Recommended WF
· TBA

Issue 2-6-3: detailed Test configuration 
· Proposal 1: Set the SNR of the PDCCH higher than TS 38.101-4 for the corresponding antenna configuration of main receiver to decrease the PDCCH detection impact on WUR testing metric. (E///)
· Recommended WF
· TBA

Issue 2-6-4: UE test mode for LP-WUR
· Proposals
· Proposal 1: To address the testability issue for LP-WUR, it is proposed to introduce test mode for Rx requirements. (Huawei)
· Proposal 2: RAN4 may consider leaving the testability discussion to RAN5. (Sony)
· Proposal 3: RAN4 to down-select the test method directions from below two options (Samsung)
· Option 1: test with non-signalling mode
· Option 2: test with signalling mode (if feasibility confirmed)
· Recommended WF
· TBA

Issue 2-6-5: whether a LS to RAN5 on test issue
· Proposals
· Proposal 1: LS to RAN5 to confirm this with text below: (E///)
In case a LS to RAN5, below LS text is proposed:
RAN4 are discussing the test metric for wake up receiver RF performance test. As the WUR only detect LP-WUS/LP-SS and no other signals, legacy throughout monitoring for PDSCH is not possible anymore. Therefore, RAN4 propose the test metric of Miss Detection Rate of LP-WUS (target 1%). To test MDR of LP-WUS, there are two options to do it and RAN4 agree that it will be up to RAN5 to decide which options is suitable for WUR receiver test.
Two options below to test
1. Using the legacy paging procedure to detect successfully LP-WUS reception by WUR
2. New test mode for testing the successfully LP-WUS reception by WUR
· Recommended WF
· TBA
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