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Introduction
In RAN#93-e, UE power saving for Rel-18 was discussed and it was proposed to support a low power wake-up radio (WUR) that relies on energy detection [1]. The low power wake-up radio can be turned on in idle mode to monitor a wake-up signal (WUS) while the conventional receiver can be turned off. If and when the wake-up signal indicates to wake-up, then the conventional receiver is turned on.
The waveform of WUS can be based on ON-OFF keying [2]. In this contribution, several options for WUS waveform are discussed.

Waveform design for WUS
ON-OFF keying (OOK) is a promising scheme for wake-up signal design due to the very low power required to monitor an OOK wake-up signal. The OOK signal can be generated using the OFDM framework. In this approach, a sequence is mapped to a set of subcarriers and an OFDM signal is generated using the legacy transmitter. The OFDM signal is then masked (after the IFFT) to create ON and OFF bits in time domain. One disadvantage of this approach is that the signal loses its integrity due to the masking operation, causing loss of orthogonality and increased out-of-band (OOB) emission and adjacent channel interference.
An alternative approach is to create the ON and OFF bits in time domain, transform precode the composite signal with DFT, and map the precoded signal to the allocated subcarriers to generate the OFDM signal. Since this is essentially a DFT-s-OFDM signal orthogonality is preserved.
The power spectral density of conventional OFDM, OOK OFDM and OOK DFT-s-OFDM are compared in Figure 2‑1. It can be seen from this figure that the OOB emission of OOK OFDM is higher due to the time domain masking operation. In addition to these, a single carrier waveform with appropriate filtering can also be considered. Of course, OOB is not the only criterion to consider in waveform selection; several aspects including the BLER performance, OOB emission, PAPR, power saving gain, etc. should be studied carefully.
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[bookmark: _Ref83917753]Figure 2‑1 Power spectral density comparison of various potential WUS waveforms

Proposal 1: OFDM, DFT-s-OFDM, SC waveforms should be studied as potential waveforms for WUS in low power wake-up radio.

Conclusion
In this contribution, waveform design for wake-up signal in low power wake-up radio has been discussed. The following is proposed:
Proposal 1: OFDM, DFT-s-OFDM, SC waveforms should be studied as potential waveforms for WUS in low power wake-up radio.
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