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[bookmark: _Ref488331639]Introduction
In this contribution, we discuss the WG study results of Low Power Wake Up Signal and the conclusion of the study. We also consider how the following work will be done in the Rel19. 
[bookmark: _Hlk144488943]Low Power WUR/WUS study
RAN1 study progress
Basically, aspect of LP-WUS waveform candidates, receivers, content, different RRC modes, measurement, procedure, and coverage were studied. 
During those RAN1 meetings, there have been many discussions on LP WUR architectures. Three main types of receiver architectures for LP-WUR have been identified.
· Architecture with RF envelope detection 
· Heterodyne architecture with IF envelope detection
· Homodyne/zero-IF architecture with baseband envelope detection
[bookmark: _Toc135027642][bookmark: _Toc137483940][bookmark: _Hlk144497681]The discussion on L1 signal design and procedure for low power WUS have figured out several waveform generation methods, which are named as OOK1~4, FSK1/2 and OFDMA-based. 
The details of the receiver architectures associated to waveform generation of LP-WUS were discussed, and some observations on the receiver architectures were agreed during past RAN1 meetings.
· Receiver architectures for OOK 
· Parallel receiver architectures for FSK 
· Receiver architectures for FSK with frequency to amplitude conversion
· Receiver architecture for OFDMA-based signals/channels
Based on the WUS/WUR options, deferent designs have been discussed.
In the evaluation methodologies, the LP-WUS study has included power models for Low-power Radio and Main Radio, traffic characteristics, coverage targets, hardware assumption and other necessary models. Those WUS solutions has been thoroughly evaluated in terms of performance, power saving gain, latency impact, overhead as described in the WID by September. 
Study in RAN2/RAN4
RAN2 has also covered the higher layer issues including different coverage LR/MR, RRM measurement, DRX, and other procedure issues in different RRC modes. RAN4 also discussed the RF and RRM related issues. Some initial agreements have been made.
Both RAN2 and RAN4 have tried to make few further agreements after September. Couple of options and candidate values are including the agreements, which will be related to the progress in RAN1.
[bookmark: _Hlk129611811]The potential normative works
The evaluations of LP-WUS/WUR shown that the power saving gain can be achieved under certain configurations, e.g. RRM relaxation. Power saving can be reached by waveform options of OOK1~4, FSK1/2 and OFDMA-based. The latency impact is small with introduction of the wake-up mechanism. And the overhead is small compared to the overall system resources. Although the gains can be different for those waveform options, LP-WUS/WUR normative works are expected in Rel19.
The key issues, waveform selection, would help for the scoping of LP-WUS. The OOK1&4 actually shown better power saving gain in the evaluation results. Thus, the waveforms will be the baseline, which already included in conclusion of last plenary. In the last RAN plenary meeting, the following 2 directions are given for further selection. 

	For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Direction 1:
· Waveform-option-1: OOK-1 and/or OOK-4, as described in section 7.2.1.1 (A)(D) in TR38.869. 
· Waveform-option-3: Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlaid OFDM sequences over OOK symbol
· For RRC IDLE/INACTIVE, in addition to existing PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported for synchronization and/or RRM for serving cell. 
Direction 2:
· Waveform-option-3: Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlaid OFDM sequences over OOK symbol
· For RRC IDLE/INACTIVE, in addition to existing PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported for synchronization and/or RRM for serving cell. 




We consider Direction1, with Option1/3, is superset of Direction 2, with only option3. The option3 have additional overlaid sequences on OOK-1 or OOK-4. Regarding the sequences, it may even carry information, which will have more impact on power efficiency and introduce more works. Thus, the Direction 1 is preferred. Further, the option 3 can be accepted if the overlaid sequences is clarified as only for the detection performance purpose. Otherwise, we should have the option 1 as starting point.
Proposal 1: For waveform of both LP-WUS and LP-SS, OOK1 and OOK4 can be the starting point for designing physical layer structure.
Further discuss if the overlaid sequences introduced only for the detection performance purpose.
We already shown that RAN2 and RAN4 works could be much clearer with small number of fundamental waveforms. We observed that the assessments have to covered too many different options in the study phase. Less options will make the Rel-19 works more focused.
[bookmark: _GoBack]The LP-SS design thus should consider more on timing/frequency error, once OOK is selected. The LP-SS related procedures should also take waveform into account. With the waveform selected, those procedures will have few options to working on. The RRM and RF requirement will also be with limited scope.  
Proposal 2. RAN includes following bullets in the potential LP-WUS work item for Rel19.
[bookmark: _Hlk144502168]Specify physical layer structure and waveform for LP-WUS, which can be coexisted with NR channels / signals in RAN1.
Specify physical layer structure and waveform for periodically transmitted LP-SS in RAN1.
Study and specify necessary physical layer and higher layer procedure for wake-up, RRM measurement by LR and MR in RAN1 and RAN2, at least for RRC IDLE/INACTIVE mode.
Introducing further RRM relaxation by MR in RAN2 and RAN4.
Specify the coexistence requirement for LP-WUS/LP-SS with NR channels / signals in RAN4, e.g. ACS, ASCS, etc. 
Conclusion
Based on the discussion, we have the flowing proposals for the possible work in LP-WUS in Rel19:
Proposal 1: For waveform of both LP-WUS and LP-SS, OOK1 and OOK4 can be the starting point for designing physical layer structure.
Further discuss if the overlaid sequences introduced only for the detection performance purpose.
Proposal 2. RAN includes following bullets in the potential LP-WUS work item for Rel19.
Specify physical layer structure and waveform for LP-WUS, which can be coexisted with NR channels / signals in RAN1.
Specify physical layer structure and waveform for periodically transmitted LP-SS in RAN1.
Study and specify necessary physical layer and higher layer procedure for wake-up, RRM measurement by LR and MR in RAN1 and RAN2, at least for RRC IDLE/INACTIVE mode.
Introducing further RRM relaxation by MR in RAN2 and RAN4.
Specify the coexistence requirement for LP-WUS/LP-SS with NR channels / signals in RAN4, e.g. ACS, ASCS, etc. 
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