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Introduction
A revised WID with updated objectives for RAN4 part was agreed in last RAN meeting [1]. This meeting is the first RAN4 meeting to discussion Rel-19 RAN4 related aspects for LP-WUS/WUR. Following objectives are copied from the WID:
	· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2 
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements



RF part is mainly related to the last objective with consideration of RAN1 PHY design. This contribution provides our initial consideration for Rel-19 LP-WUS/WUR upon the study outcome in Rel-18 SI for the UE part.
Discussion
Overview of Rel-18 SI
What have been studied and discussed
During the SI study for LP-WUS/WUR, RAN4 had discussed and analysed the RF related issues, some of the key issues for the UE side are listed as following:
· LP-WUR UE architectures including the variant implementations
· Guard RBs for ACS and ASCS cases with RF impairments (e.g., CFO, phase noise, non-linearities) for RAN1 assumed LP-WUS waveforms
· Guard RB definition and placement for ACS and ASCS cases
· Operating bands (same band or different bands) for LP-WUS
· LP-WUS channel bandwidth
· Link-level simulation and filter suppression level analysis regarding the guard RBs analysis
· Noise figure for LP-WUR
· REFSENS for the assumed coverage target
· Multi-band capability

To be further evaluated
With above evaluation in SI, some issues still need further discussion to derive the corresponding requirements as listed in the WID objectives.
To our understanding, the following aspects should be further considered:
1) Define guard RBs for ACS and ASCS with further evaluation considering some RF impairments, e.g. phase noise
2) Performance metric to define the Rx requirements
3) Required SNR for OOK-1/OOK-4 and overlaid OFDM sequence
4) REFSNES with determined NF, two sets of requirements could be considered depends on the SNR values for different waveforms
5) Determine any other requirements to be specified apart from those listed in the WID objectives
6) If band specific requirements are considered in the end, which bands should be considered in Rel-19
Guard RBs for ACS and ASCS
According to the study outcome in Rel-18, RAN4 had the following conclusions for guard RBs for ACS and ASCS:
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.
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.
For the guard RBs, obviously, it is not controversial for the ASCS case, to further consider the implementation impairments, we think the 1RB for 30kHz SCS can be adopted for ASCS as guard RB.
While for ACS, it is understood that RF impairments, e.g. LO accuracy, frequency shift for the real filter implementation, phase noise, etc. would have impact for the result of evaluated guard RBs, but it should also be noted that the larger the guard RB size, the lower the spectrum utilization for LP-WUS, thus it is a trade off between of the implementation vs the expected performance. As discussed in section 2.3.3, we feel that the LP-WUR ACS requirement could be relaxed a bit compared for the MR, which means smaller guard RBs for ACS is possible for LP-WUR. 
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.
Rx requirements for LP-WUR
Performance metric for the LP-WUR Rx requirements
It is known that UE RF Rx requirements for MR are defined for PDSCH with performance metric of throughput ≥ 95 % of the maximum throughput for the reference measurement channels. However, for LP-WUS, it is just sequence based waveform, apparently throughput metric is not applicable. Instead, similar to PUCCH format 0, detection probability can be considered as performance metric. 
Proposal 3: It is proposed to use detection probability as performance metric to define the LP-WUR Rx requirements.
REFSENS
REFSENS is a main affected requirement for LP-WUR, which has close relationship with the coverage target for LP-WUS/WUR. 
If no diversity is considered, the REFSENS is calculated by the equation as below:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM
in which, Rx BW can be defined according to the SI assumption, i.e. 5MHz, and the supported RB number relies on further discussion on guard RB size for ACS case. 
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.                                                                                                                                                                                                                                                                                                
Regarding SNR and IM (implementation margin), they are both RF and baseband demodulation relevant. Specifically, to determine the SNR for demodulation of LP-WUS, in conjunction with LP-WUS waveforms, LO accuracy, ADC resolution both would have impact on SNR, and it should be derived by link level simulation. According to RAN#102 discussion, only OOK-1 and/or OOK-4 as well as overlaid OFDM sequence(s) over OOK symbol will be considered in Rel-19 WI.
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
It is noted that the required SNR for demodulation on OOK and OFDM sequence could be different, if the difference based on further evaluation is too large to use one representative value, two sets of SNR as well as REFSENS could be considered for specifying the Rx requirements. To determine the required SNR, we think the performance metric could be BLER no matter whether CRC is considered by RAN1 or not.
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. 
For LP-WUR, it is expected that the NF is much worse than normal NR UE. The NF assumed by RAN1 for urban and rural scenarios for different waveforms are in the range of:
-	For OOK based LP-WUS, 12~20dB
-	For OFDM based LP-WUS, 9~15dB
However, there was no confirmed range by RAN4 during the SI stage, and RAN4 concluded that:
RAN4 noticed that the assumed NF in RAN1 simulation may be different with RAN4. RAN4 will derive RF requirement based on NF which is feasible from coverage and implementation perspective. RAN4 will focus on sensitivity evaluation instead of specific NF value in the normative work.
Ideally, a single NF value is preferable in specifying the REFSENS requirement, but if different architectures need to be considered since none of the candidate architectures has been excluded by RAN4 from SI, also with above discussion for possible different SNR for LP-WUS waveforms, two different NF in conjunction with different SNR consequently two sets of Rx requirements could be a viable alternative.
Proposal 7: To accommodate different UE architectures as well as possible different SNR values for OOK and OFDM sequence, two different NF could also be considered in specifying the REFSNES requirement, pending on evaluation of SNR.
ACS and ASCS
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. In our view, 20~25dBc ACS would be an appropriate value for LP-WUS performance, which can be further discussed during the WI phase.
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.
Proposal 8: 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.
On the contrary, 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. In that sense, if guard RB is specified for ASCS, specifying ASCS requirement may not be necessary. 
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.
Other requirements
Each Rx requirement for MR has its purpose for verifying certain aspects, either for co-existence, e.g. ACS, or implementation ability to guarantee the performance, e.g. REFSENS, blocking, IMD or to comply with the regulations, e.g. Rx spurious emissions.
Blocking requirements reflect the anti-interferer ability of the receiver, which is important for the Rx chain design, both IBB and OBB should be considered for LP-WUR. 
IMD requirement reflects the receiver linearity for the LP-WUR implementation with two offset interferers in frequency, the ability is also necessary for the design target, thus the requirement should be specified as well.
Regarding the spurious emissions, there should be compromise no matter it is LR or MR.
However, for spurious response, the requirement specified for MR due to interfering from image frequency, high order mixing products, aliasing from other Nyquist zones, etc., which cannot be rid off by the receiver itself, we think the requirement may not be necessary for LP-WUR.
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.
Testability of Rx requirements
[bookmark: OLE_LINK3]For LP-WUS, there is no ACK/NACK mechanism in RRC_IDLE/INACTIVE mode, which makes it not possible to consider the traditional measurement method for Rx requirements as TE cannot receive feedback from the UE whether demodulation of LP-WUS signal is successful or not. Furthermore, the RAN5 test usually performed under RRC_CONNECTED mode. To address the testability issue, specific test mode could be an appropriate choice. 
When UE is in RRC_IDLE/INACTIVE mode, if the UE under test receiving LP-WUS, according to subgroup ID/UE_ID, it knows whether it needs to wake up the MR to monitor the PO or PEI. Similar to PUCCH format 0 sequence detection, it is just a probability detection. For certain amount LP-WUS with specific subgroup ID/UE_ID reception from TE, the UE can count the number of successful detections and cache the statistic data, when the UE enters into connected mode, the data can be sent to the TE to complete the Rx requirement test.
There could be two test cases to be considered for the probability test: one is missed detection probability, i.e. the probability UE does not detect the subgroup ID/UE_ID for itself upon the received LP-WUS signal from the NW; the other one is false detection probability, i.e. the subgroup ID/UE_ID is detected when nothing specific for the UE was sent by the NW. 
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.
Operating bands for LP-WUS
LP-WUS/LP-WUR targets at the low complexity receiver. If supporting too many bands, the cost and complexity of LP-WUR will increase significantly considering that LP-WUR architecture depends on the specific band(s) to be supported. If being limited to one or two global bands, e.g., GSM re-farming bands which are owned by majority of operators, then it would be very friendly for UE especially smartphone to implement LP-WUR, and also make it easier for operator to decide deploying LP-WUS feature by avoiding the LP-WUS overhead of spectrum resources on multiple bands.
Such low bands would be also beneficial to provide good coverage and can further reduce the LP-WUR power consumption further. 
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.
Conclusion
This contribution provides initial consideration for Rel-19 LP-WUS/WUR. The following proposals are proposed for further discussion:
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.
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.
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