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Introduction
Based on the first meeting discussion for Rel-19 LP-WUS, the issues to be further studied for REFSNES, ACS and ASCS are captured in WF [1]. The following are important agreements or directions for further discussion:
Issue 2-2-1: Performance metric for REFSENS
Agreement: 
· Use X% missed detection rate as the starting point for performance metric for LP-WUS RF requirements
· FFS on X values
· FFS on whether to have false alarm rate

Issue 2-2-2: How to specify REFSENS requirements
Agreement: 
· Reuse legacy approach to derive REFSENS, further discuss SNR, NF, IM
· FFS whether to design REFSENS requirements or other requirements to ensure LP-WUR meet the coverage target
· Side condition for REFSENS test: DL test signal will only have LP-WUS signal. 

Issue 2-2-3: How to decide SNR value (not requirement) for REFSENS
Way forward: 
· After concluding WUS design in RAN1, the SNR to specify REFSENS requirements should be decided in RAN4

This contribution provides analysis on REFSENS, ACS and ASCS.
Discussion
REFSENS
As agreed in last meeting, legacy approach will be utilized to derive the REFSENS requirement, of which the most important parameters are SNR and NF. Since it is agreed that SNR should be further determined by RAN4 after stable conclusion of waveforms by RAN1, we can wait a bit and discuss it later. One thing we’d like to highlight is that better SNR with better NF could be achieved for some kind of UE architecture, and RAN4 just needs to consider the required SNR rather than to combine SNR together with NF to comply with a fixed coverage target. 
Noise Figure
The targeted coverage for LP-WUS is to achieve the comparable value of PUSCH for Msg3. To fulfill the target, some NF are considered by RAN1 in the evaluation, which could be conceived as a reference. It is noticed that 7dB rather than 9dB was adopted by RAN1 as the basis for MR. 
	Conclusion in RAN1#116bis: 
For calibration purposes, companies are encouraged to report the SNR to achieve the coverage of PUSCH for message3, at least with the following assumptions: 
· Carrier frequency: 2.6 GHz
· The number of Tx chains: 1
· MIL of MSG 3: use the average one in R17 coverage, i.e.,153.51 dB for non-redcap UE
· Transmit antenna gain correction factors for WUS: up to company report
· Noise Figure: All three values +2dB, +5dB, +8dB on top of NF of MR (7dB) are to be reported, SNR for different assumptions on NF are determined separately


In RAN4 spec, the NF adopted for REFSENS varies across different bands, it could be ranged from 9dB to 13dB or even worse. Given the three major UE architectures discussed by RAN4 in Rel-18, we think that +2dB option could be ruled out. For the rest of +5dB and +8dB, they can be considered tentatively for OFDM-based receiver and OOK-based receiver respectively. 
Proposal 1: It is proposed to adopt +5dB and +8dB on top of 9dB basis as NF for OFDM-based receiver and OOK-based receiver respectively as starting point for REFSENS.
ACS
Guard RBs for ACS
According to the study outcome in Rel-18, RAN4 had the following conclusion for guard RBs for ACS:
Conclusions for RAN4 ACS guard RB analysis:
Based on the analysis above, RAN4 observed that for 5th order filter, the guard RB number for LP-WUS ACS is in the range of 1RB ~ 6RBs for 30kHz SCS, or 2RBs ~12RBs for 15kHz SCS. For lower power, i.e., lower order filters, the required guard RBs may increase. There is no recommendation on which filter order should be considered to the baseline in SI phase.
As discussed in [2], in last RAN1 meeting, it was already concluded that the required RBs for LP-WUS will be down-selected only between 11 or 12 PRBs for channel bandwidth equal or larger than 5MHz. The maximum transmission bandwidth configuration NRB for 5MHz channel bandwidth in RAN4 spec is 11 RB for 30kHz SCS, and the guard band is 505kHz, which is about in size of 1.4 RB. If 12 RB is considered for 5MHz, which means the guard band is only 340kHz and is less than 1 PRB. Apparently, 12 PRB is not aligned with the RAN4 conclusion for the SI study in terms of 5MHz CBW. 
Observation 1: RAN1 decided that the required RB number for a channel bandwidth equal or larger than 5MHz would be down-selected from 11 or 12 PRBs.
Observation 2: If 5MHz is considered as CBW for LP-WUS, 12 PRB is not aligned with RAN4 conclusion in Rel-18 SI study.
During the SI study, we have evaluated the guard RBs for ACS, and our observation based on the simulation results with consideration of ADC bits as well as frequency error is that guard RB with the size of one 30kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR carrier. We think 11 RBs in terms of 30kHz SCS is feasible for 5MHz channel bandwidth. 
Proposal 2: It is proposed to adopt 11 PRB for LP-WUS with 30kHz SCS for 5MHz channel bandwidth. In case of 15kHz SCS, at least the guard band should be similar to that of 30kHz. Specific PRB number can be further discussed based on RAN1 progress. 
ACS requirement
Generally, adjacent channel selectivity (ACS) is a measure of a receiver's ability to receive an NR signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s). The said receiver filter usually is the baseband channel filter. While for LP-WUR, the filter attenuation mainly comes from the analog filter, e.g. 3rd and 5th order Butterworth filters implemented in the Rx chain before ADC, but it does not preclude the possible implementation of digital domain channel filter. 
The requirement of ACS comes from the co-existence study, it is derived from ACIR with also consideration of ACLR from the BS side. The assumed BS ACLR is 45dBc for the co-existence study, however, the normal BS implementation for ACLR is better than the assumed value, in addition, the performance metric for LP-WUR ACS is not throughput as considered for the MR, it’s possible to relax the ACS requirement in exchange of smaller guard RB size for LP-WUS. 
It is noted that though ACS is a relative value, for measurement, the power level of interferer is based on REFSENS. Due to degradation of REFSNES of LP-WUR in accordance of large NF, the relaxed ACS could still result in the comparable interferer compared to the MR. Suppose similar REFSENS degradation is considered for LR, namely 14dB, with the same interferer level as MR, it is seen in the figure below that ACS value for LR could be reduced a bit. 
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Figure 1: Illustration of ACS requirement
It is known that two cases have been specified for ACS in the current specification. Absolute values rather than relative value in case 1 are defined for case 2. The interferer is fixed -25dBm, while the wanted signal is -56.5dBm for MR. Owing to the larger NF, it is not expected that the LR can comply with the same level of the sensitivity, in other words, the ACS value for LR should be relaxed. 
[bookmark: _GoBack]In addition, the ACS value reflects the adjacent channel rejection of the filter. However, with the evaluated 5th order Butterworth filter, it can only provide around 20dB rejection for the adjacent channel with 5MHz frequency offset. Moreover, if RF component tolerance is considered for the filter implementation, the suppression capability of this kind of filter could be further degraded. 
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Figure 2: Frequency response of Butterworth filters
Observation 3: With worse REFSENS for LR, if keep the same REFSENS degradation level, i.e. 14dB, the ACS value range would be decreased even with the same interferer level as MR.
Observation 4: The filter evaluated by RAN4 in SI stage cannot provide sufficient suppression compared to the level defined in current spec for MR. 
Proposal 3: It is proposed to relax ACS requirement for LP-WUR from co-existence and performance perspective. The proposed ACS could be in the range of 20~25dBc.
ASCS
Guard RBs for ASCS
According to the study outcome in Rel-18, RAN4 had the following conclusion for guard RBs for ASCS:
Conclusion for RAN4 ASCS guard RB analysis:
Based on the following analysis, RAN4 observed that for 5th order filter, the guard RB number for LP-WUS ASCS is in the range of 0RB ~ 1RBs for 30KHz SCS, or 0RBs ~2RBs for 15KHz SCS. Similar number of guard RBs could be applied also with lower filter orders as performance was observed to remain similar with 3rd order filter.
From the SI study, it is seen that performance loss is not severe in presence of the adjacent NR signal with the same PSD as LP-WUS. Given the possible degradation of the filter suppression capability for real implementation, guard RB is preferred for ASCS. One RB with 15kHz SCS could be considered. In case of 30kHz SCS, one RB can still be considered. 
Proposal 4: It is proposed to adopt 1 RB as the size of guard RB for LP-WUS ASCS regardless of the applied SCS. 
ASCS requirement
Compared to ACS requirement, ASCS just reflects the performance demand for LP-WUS in presence with adjacent interferer. In SI evaluation of ASCS GB, the interferer is the NR signal in the channel BW for in-band operation with same PSD. From all simulations presented in SI, 1 RB for 30kHz SCS would be sufficient to guarantee the demodulation for LP-WUS in-band operation. Unlike ACS, the requirement with strong interferer also could verify the Rx chain linearity as well as dynamic range, while ASCS may just reflects the filter ability, which could be verified by ACS as well. In that sense, if guard RB is specified for ASCS, specifying ASCS requirement may not be necessary. 
Proposal 5: If guard RB is specified for ASCS scenario, there is no need to define specific requirement for ASCS.
Conclusion
This contribution provides our further analysis of REFSENS, ACS and ASCS requirements for LP-WUR. With the analysis, we have the following observations and proposals:
Proposal 1: It is proposed to adopt +5dB and +8dB on top of 9dB basis as NF for OFDM-based receiver and OOK-based receiver respectively as starting point for REFSENS.
Observation 1: RAN1 decided that the required RB number for a channel bandwidth equal or larger than 5MHz would be down-selected from 11 or 12 PRBs.
Observation 2: If 5MHz is considered as CBW for LP-WUS, 12 PRB is not aligned with RAN4 conclusion in Rel-18 SI study.
Proposal 2: It is proposed to adopt 11 PRB for LP-WUS with 30kHz SCS for 5MHz channel bandwidth. In case of 15kHz SCS, at least the guard band should be similar to that of 30kHz. Specific PRB number can be further discussed based on RAN1 progress. 
Observation 3: With worse REFSENS for LR, if keep the same REFSENS degradation level, i.e. 14dB, the ACS value range would be decreased even with the same interferer level as MR.
Observation 4: The filter evaluated by RAN4 in SI stage cannot provide sufficient suppression compared to the level defined in current spec for MR. 
Proposal 3: It is proposed to relax ACS requirement for LP-WUR from co-existence and performance perspective. The proposed ACS could be in the range of 20~25dBc.
Proposal 4: It is proposed to adopt 1 RB as the size of guard RB for LP-WUS ASCS regardless of the applied SCS. 
Proposal 5: If guard RB is specified for ASCS scenario, there is no need to define specific requirement for ASCS.
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