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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution provides discussion into the various designs of wake-up signal design and consideration on design criteria for wake up signal.
___________________________________________________________________________________
Low power wake-up radio design
The low power wake up receiver as a supplementary chip to power-on and power-off the main NR receiver might allow the main receiver to enter the ultra-deep sleep state when there is limited or no traffic activity as shown in Figure 1.  


Figure 1: LP-WUR design 
The literature shows the benefit of waveforms with OOK and FSK modulation schemes for LP-WUS transmission from gNB, which can achieve the power consumption below 1mW, while the IEEE 802.11ba adopts OFDM based OOK signal to transmit the LP-WUS. Non-coherent receiver architecture may also be used for candidate waveform of OFDM based OOK and FSK to lower the power consumption. The target data rate to be carried by LP-WUS depends on the LP-WUS field such as UE Id, paging id etc., RAN1 needs to evaluate whether such candidate waveform design could be the data rate requirement. Further the OFDM based OOK waveform carrying 1 bit per OFDM symbol or multiple bit per OFDM symbol needs to be evaluated for achieved data rate and sensitivity to carry the LP-WUS.   
The latency of waking up the main receiver to receive the PDCCH signal after successful reception of the LP-WUS in the supplementary chip should be considered as part of the evaluation KPIs. The latency impact on the paging reception delay after waking up the main receiver should also be reported. 
Proposal 1: Evaluate candidate waveform such as MC-OOK and FSK for target data rate and latency requirement for LP-WUS transmission/reception 
The power consumption of the LP-WUR should be lower than 1mW which means the sensitivity of the LP-WUR implemented the supplementary chip will be worst compared to the sensitivity of the main receiver and thus there is a coverage gap between them which is not ideal from the deployment scenarios. The coverage loss of the LP-WUR compared to the main receiver needs to be investigated and ways to do coverage recovery may be studied during the study phase. 
Proposal 2: Evaluate the relative coverage loss of the LP-WUR compared to main receiver and methods to recover the coverage loss should be studied 

Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI

The bandwidth of the LP-WUS should be same for idle, connected and inactive modes so that similar WUS block configuration can be applied for all. The size of the guard band depends on the frequency offset error produced by the low-cost oscillator used in the receiver architecture and hence the guard band size of 1MHz/2MHz can be taken as starting point for evaluation. The guard band should be configured outside the LP-WUS and reference numerology of the guard band size should be discussed. 
Observation 1: Guard band is required when LP-WUR and MR are deployment in the same NR frequency bands
Proposal 3: Consider LP-WUS guard band size 1MHz and other values such as 2MHz are FFS
Proposal 4: Consider same BW for LP-WUS for idle, connected and inactive modes  
The deployment of LP-WUR within the NR frequency bands should consider LP-WUR supporting all NR frequency bands or subset of NR frequency bands and such evaluation takes into account cost of the RF, coverage of the LP-WUR etc., LP-WUR deployment can further study in-band, out-of-band and guard band deployment. When LP-WUR and MR are in the same frequency band, how to multiplex and handle the interference of LP-WUS with the MR and existing NR physical signals should be studied. When LP-WUR and MR are in different frequency bands, the coverage of LP-WUR should take into account the MR coverage and there are no aspect of interference or guard band requirement with respect to existing NR signals as they are in different frequency bands. The guard band deployment of the LP-WUS is also interesting similar to NB-IoT guard band deployment and such deployment option should taken into consideration interference with the NR frequency carrier, restriction of power boosting etc., 
Proposal 5: Study various LP-WUR deployment options
· LP-WUR and MR are in the same NR frequency band 
· LP-WUR and MR are in different NR frequency band 
· LP-WUR deployed in the guard band
Proposal 6: Study if the Guard band is required when LP-WUR and MR are deployed in different frequency bands
  
1. 
1. 
1. LP WUS Procedures
At the last RAN1 meeting, the procedure upon detecting WUS in IDLE/Inactive mode was discussed. The latest proposal from FL in the email discussion is summarized below:
· Procedures upon detecting WUS in IDLE/Inactive mode, e.g., 
· Monitor paging after WUS
· Monitor PEI after WUS
· Transmit PRACH 
· Monitor system information
[bookmark: _Hlk127450722]There are three options listed in this stage. For different options, the information carried by LP-WUS may be quite different. If UE monitors paging after receiving WUS, the LP WUS can carry UE group information to indicate which UE group(s) to monitor corresponding PO(s).  In our understanding, it is likely that LP WUS somewhat replaces the function of PEI.  If UE monitor PEI after receiving WUS, the LP WUS can carry a single bit wake up information to indicate UE whether to monitor corresponding PO(s) or not. After receiving the LP WUS, UE may monitor PEI for further information, e.g., which UE group(s) to monitor corresponding PO(s). In our point of view, comparing to monitoring paging after WUS, this option may introduce more time delay for UE to transmit or receive data.  If UE transmits PRACH after receiving WUS, the LP WUS may carry the full UE ID information. This solution could bring improved latency and more power saving by omitting monitoring of PEI/PO. However, this may lead to large payload of LP WUS which may affect the design of LP WUS. Based on above analysis, we think the procedure upon detecting WUS can consider the design complexity of the LP WUS (e.g., payload, coverage) and latency effects.
Moreover, we think the procedure upon detecting WUS also related to synchronization precision getting from LP-WUR. UE may need to monitor SSB(s) for more precise synchronization or UE can obtain enough synchronization from LP-WUR to monitor PEI/PO or to transmit PRACH. This also influences the latency and power consumption.
Proposal 7: The procedure upon detecting WUS can consider the design complexity of the LP WUS (e.g., payload, coverage), latency effects and synchronization precision from LP-WUR.

Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode,
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)

UE needs to do cell selection/reselection and UE needs to wake up periodically to perform the serving cell and neighbor cell measurement, perform cell reselection if necessary. The LP-WUR can be configured to measure the signal strength of LP-SS and when the signal strength of LP.SS is below certain threshold, then the LP-WUR wakes the MR to perform cell reselection. Such RRM measurement should further consider various LP-WUR and MR deployment options, the above offloading of serving cell to LP-WUR for power saving makes sense when LP-WUS is configured within the NR frequency carrier.   
Proposal 8: LP-WUR performs serving cell measurement from LP-SS while wakes up the MR for cell reselection 

Conclusion
[bookmark: _Hlk101873554]Below is the summary of proposals from our contribution 
Proposal 1: Evaluate candidate waveform such as MC-OOK and FSK for target data rate and latency requirement for LP-WUS transmission/reception 
Proposal 2: Evaluate the relative coverage loss of the LP-WUR compared to main receiver and methods to recover the coverage loss should be studied 
Observation 1: Guard band is required when LP-WUR and MR are deployment in the same NR frequency bands
Proposal 3: Consider LP-WUS guard band size 1MHz and other values such as 2MHz are FFS
Proposal 4: Consider same BW for LP-WUS for idle, connected and inactive modes  
Proposal 5: Study various LP-WUR deployment options
· LP-WUR and MR are in the same NR frequency band 
· LP-WUR and MR are in different NR frequency band 
· LP-WUR deployed in the guard band
Proposal 6: Study if the Guard band is required when LP-WUR and MR are deployed in different frequency bands
Proposal 7: The procedure upon detecting WUS can consider the design complexity of the LP WUS (e.g., payload, coverage), latency effects and synchronization precision from LP-WUR.
Proposal 8: LP-WUR performs serving cell measurement from LP-SS while wakes up the MR for cell reselection 
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