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Introduction
One of the promising schemes that has been identified and studied for UE power saving is the wake-up signal (WUS) that triggers a UE to wake up in the ON duration of a DRX cycle if the UE is to be scheduled [1].
In this contribution, we present a WUS design method that uses the NR signal structure. One important feature of the proposed method is that it preserves orthogonality within the OFDM symbol, resulting in no leakage from the WUS to the adjacent subcarriers. In addition, it preserves the integrity of the time domain signal at the output of the OFDM modulator. 
Orthogonal ON/OFF Keying (OOK) for WUS Design
On/Off keying (OOK) is one of the potential schemes for wake-up signal design in NR. However, the approach of masking the OFDM symbol with an ON/OFF pattern to generate an OOK symbol in time domain breaks the orthogonality [2] of OFDM. Hence, this approach causes interference to other subcarriers and harms transmissions taking place in adjacent subcarriers.
One way, that is compatible with the NR framework, to generate OOK symbols within one OFDM symbol duration is to exploit the structure of DFT-s-OFDM. An illustration of such a scheme is shown in Figure 2.1. The input to the DFT block of the DFT-s-OFDM modulator is first divided into  parts and a sequence  is placed into the corresponding portion of the input depending on the bits, i.e.,  for . For example, if , the corresponding input of DFT-s-OFDM is set to , otherwise it is . Since the time domain signal at the output of the IDFT is an oversampled version of the input sequence of the DFT block with a certain pulse shape (i.e., Dirichlet sinc function without frequency domain spectral shaping (FDSS)), the sub-time unit ON and OFF symbols can be generated at the output of the DFT-s-OFDM. This simple structure maintains the orthogonality in an OFDM symbol, enabling perfect compatibility with NR. Therefore, the WUS can be transmitted with other channels in the same OFDM symbol without any adjacent channel interference.
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[bookmark: _Ref496882721][bookmark: _Ref496882720]Figure 2.1 Orthogonal OOK generation 
Note that the first  and the last  inputs of the DFT-s-OFDM can be set to zero to improve the shaping in time domain. In addition, FDSS can be utilized to reduce the sidelobe of the Dirichlet sinc function. By choosing , the energy during the CP duration may be minimized. This will also improve the out-of-band (OOB) emission characteristics of the wake-up signal.
Evaluation
In this section, we show the time and frequency domain characteristics of the orthogonal OOK for a 4 MHz signal. We assume that the IDFT size  and , and that the impulse response of the FDSS filter in time is [0.28 1 0.28]. To avoid energy during the CP duration, we set  and . We choose a Zadoff-Chu sequence of length . Therefore, we transmit  OOK symbols within one OFDM symbol in time domain.
In Figure 3.1, we show the time domain characteristics of the generated signal after CP addition for . The sidelobe of the Dirichlet sinc function is efficiently suppressed by the FDSS. Since we set , the energy during the CP duration is always very low. This is also beneficial to achieve excellent OOB emission as illustrated in Figure 3.2 as the discontinuity between the DFT-s-OFDM symbols is very small.
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[bookmark: _Ref967489]Figure 3.1 Time-domain characteristic of orthogonal OOK waveform
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[bookmark: _Ref969769]Figure 3.2 Frequency domain characteristic of orthogonal OOK waveform
Observation 1: OOK waveform for wake-up signal can be constructed with DFT-s-OFDM with good time and frequency characteristics while maintaining the orthogonality with other channels, e.g., PDSCH.
Summary
In this contribution, we have presented a method to design an OOK-based WUS using the NR framework. The proposed method maintains the orthogonality within an OFDM symbol. We have the following observation:
Observation 1: OOK waveform for wake-up signal can be constructed with DFT-s-OFDM with good time and frequency characteristics while maintaining the orthogonality with other channels, e.g., PDSCH.

We propose:
Proposal 1: OOK waveform should be studied for wake-up signal design in NR.
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