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[bookmark: _Hlk102058846]Introduction
In RAN#94-e [1], the study item for LP-WUS has been approved for NR in Rel-18. The study item focuses on evaluation of candidate LP-WUS schemes, candidate receiver architectures of LP-WUR and L1 signal designs and procedures. During the study, IoT (e.g., industrial sensors and controllers), Wearable (e.g., smart watches and rings) and eMBB (e.g., XR/smart glasses and smart phones) are identified as main use cases. Considering the main use cases, the following aspects are identified as candidates for specification support:
· LP-WUS waveform
· Supported modes
· [bookmark: _Hlk143040689]Support of LP-SS and RRM measurement offloading
· Activation/deactivation and monitoring procedures
In this contribution, we provide our views on the Rel-19 WI LP-WUS with proposed objectives based on the study so far. 
Discussions
LP-WUS Waveform
For LP-WUS waveform, OOK, FSK and OFDM based signal are proposed as candidates. As the motivation to introduce LP-WUS waveform with an additional receiver, low power consumption and simple receiver implementation is the most key aspect of LP-WUS design. In this respect, both OOK and FSK are good candidates as both waveforms allow non-coherent energy detection based simple receiver with low power consumption. However, FSK generally requires more complex implementation and more bandwidth as candidate FSK schemes utilize M pairs or 2^M segments for M-bit information. 
In addition to OOK and FSK, utilization of OFDM with existing signal/channel structure was proposed for LP-WUS. The benefits from supporting OFDM for LP-WUS is easier multiplexing with legacy NR channels. However, power reduction gain is dubious as OFDM receiver usually requires higher power consumption due to complex baseband processing including FFT. Potential implementation of OFDM receiver with lower power consumption by sacrificing performance (e.g., low performance amplifier/oscillator/ADC and reduced baseband processing) was discussed, but the benefits from the OFDM receiver is still uncertain.  
For OOK waveform, the following schemes are identified as candidates. 
· OOK-1: 1 bit per OFDM symbol
· OOK-2: M-bit per OFDM symbol by utilizing frequency domain multiplexing
· OOK-3: Multi-tone single-bit OOK
· OOK-4: M-bit per OFDM symbol by utilizing time domain multiplexing (DFT/LS)
According to our evaluation results in Fig. 1, OOK-1 provides the best performance with and without RX impairments while OOK-4 shows comparable performance with multi-bit transmission in time domain. On the other hand, OOK-2 suffers severe degradation when Rx impairment is considered, and OOK-3 shows the worst performance with no Rx impairment.  
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(a) 700 MHz							(b) 2.6 GHz
Figure 1. BLER performance of candidate waveforms for LP-WUS

Proposal 1: Rel-19 LP-WUS WI to specify Low-Power Wake-up Signal (LP-WUS) based on OOK-1 and OOK-4 [RAN1].

Supported modes
During Rel-18 study, potential power saving gains are evaluated for both CONNECTED mode and IDLE/INACTIVE modes. The study is mainly targeting IoT and wearable cases in IDLE/INACTIVE modes, but XR/smart glasses and smart phones are additionally considered in CONNECTED mode. While benefits for IDLE/INACTIVE modes are clear, benefits for CONNECTED mode are dubious due to relatively frequent traffic and the existing power saving schemes specified in Rel-16/17 (e.g., DCP/PDCCH skipping) for CONNECTED mode. In addition, according to the evaluation results, while the power reduction gain from IDLE/INACTIVE mode is clear, the power reduction gain from CONNECTED mode is marginal especially for XR use case. 

Proposal 2: Rel-19 LP-WUS WI to specify necessary procedures with focus on RRC IDLE/INACTIVE modes [RAN1, RAN2].

Support of LP-SS and RRM measurement offloading
RRM measurement offloading is a key feature to support LP-WUS as it enables maintaining Main Radio (MR) ultra deep sleep without performing RRM measurements. Without RRM measurement offloading, potential power reduction gain from supporting LP-WUS is limited as MR needs to frequently wake up for RRM measurement. To support RRM measurement offloading, LP-SS is essential as LP-WUR is not able to measure NR SS for MR. In addition, additional benefits by supporting LP-SS were identified during the Rel-18 study. For example, one potential implementation of LP-WUR can be maintaining timing information by measuring LP-SS during the OFF state but with additional power consumption. By maintaining the timing information, performance of LP-WUS can be increased as LP-WUR experiences low frequency error. 

Proposal 3: Rel-19 LP-WUS WI to specify a periodic LP-SS and necessary procedures for synchronization and RRM measurement offloading [RAN1, RAN2].

Activation/deactivation and monitoring procedures
[bookmark: _Hlk134772839][bookmark: _Hlk134772653]For LP-WUS, it’s expected that the resultant coverage of LP-WUS might fall short of covering the whole coverage area of MR as many of the receiver sensitivity levels are worse than the sensitivity level of main radio. In addition, required SNR to achieve 1% BLER for both PUSCH Msg3 and PDCCH paging is lower than SNR required to achieve 1% BLER for LP-WUS as shown in Fig. 1. Given the situation, specifying proper activation/deactivation procedures is one of key aspects for LP-WUS operation. 
In addition to activation, candidate monitoring procedures (i.e., continuous monitoring and duty cycled monitoring) are discussed during the Rel-18 study. According to the evaluation results, while LP-WUS with duty cycled monitoring provides remarkable gains, LP-WUS with continuous monitoring usually shows marginal gains or even significant losses. Given the situation, support of duty cycled monitoring procedure for LP-WUS is preferred. 

Proposal 4: Rel-19 LP-WUS WI to specify necessary procedures for activation/deactivation of LP-WUS with duty-cycled monitoring [RAN1, RAN2].
Summary
In this contribution, we discuss scopes of the Rel-19 WI with the motivations and the proposed objectives. We propose the following:
Proposal: Include following objectives in a Rel-19 LP-WUS WI:
· Specify Low-Power Wake-up Signal (LP-WUS) based on OOK-1 and OOK-4 [RAN1].
· Specify necessary procedures with focus on RRC IDLE/INACTIVE modes [RAN1, RAN2].
· Specify a periodic LP-SS and necessary procedures for synchronization and RRM measurement offloading [RAN1, RAN2].
· Specify necessary procedures for activation/deactivation of LP-WUS with duty-cycled monitoring [RAN1, RAN2].
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