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Introduction
In this contribution, we present our view on wake-up signal design based on RAN1 LS[1].  
Discussion
[bookmark: _Ref115159812]The below discussion is focusing the evaluation on the WUS signal generation at gNB.

As all the NR signals are OFDM based so OFDM transmitter is implemented in NR gNB. To add a new WUS signal, it will be modulated also with a OFDM modulator. This is to reuse deployed gNB to enable the WUS feature in future. 

[bookmark: _Ref127544927]WUS signal will be OFDM modulated by reusing the deployed gNB radio architecture
When WUS feature would be enabled using the software update without new hardware, it also implies the legacy RF requirements should be fulfilled for WUS transmission. 
[bookmark: _Ref127544937]There is no RF requirement impact when WUS signal is deployed.

[bookmark: _Ref127544945]Evaluated the WUS signal design based on above two constrains from two observations above.
As the gNB is based on OFDM transmitter so each physical signal is modulated in frequency domain.  In RAN1 LS, there is no OFDM receiver architecture in scope, so from WUR perspective, it expects to demodulate a time domain modulated signal without the OFDM receiver, this creates a question on how to transmit a time domain OOK modulated signal using the OFDM transmitter. 

RAN1 has studied below two options:

For each OFDM symbol
· For the M WUS subcarriers
· Option A: M = 1, i.e., one MC-OOK symbol per OFDM symbol
· If MC-OOK symbol ‘0’ => M subcarriers populated with zeros
· MC-OOK symbol ‘1’ => M subcarriers populated with M randomly chosen QAM symbols (e.g., QPSK symbols) or M complex values from a predefined sequence optimized for PAPR etc.
· Option B: M>1 OOK symbols per OFDM symbol
The regular N-M regular NR and guard subcarriers are populated with QAM symbols for regular NR data or zeros (for guard subcarriers)

Somehow, an additional function is needed between the time domain WUS input and frequency domain output before IFFT. This function block acting as a bridge function block and this could a shaping block using the least square function or FFT function to convert the time domain signal into frequency domain. This is illustrated in Figure 1 where the input of the time domain WUS signal is feeding into a shaping block.
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Figure 1: WUS transmission with OFDM transmitter.

The WUS signal generated in time domain in this way is illustrated in Figure 2. The the multi-bit per OFDM symbol is the right figure and single-bit per OFDM is left figure in Figure 2. The WUS sequence of [1 0 0 1] is input and 72 subcarrier is allocated to transmit WUS signal for multi-bit case. The PSD figure of the single-bit and multi-bit waveform is shown in Figure 3 for a WUS and non-WUS combined signal. It can be seen there is 14 dB power difference between the allocated WUS RBs and other non-WUS RBs, this will have impact on the current BS RF performance as the power difference between different RB is limited and this is relating to the RE dynamic range in TS 38.104.
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Figure 2: WUS signal in time domain without other non-WUS signal (single-bit and multi-bit cases)
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Figure 3: PSD of WUS + non-WUS signal for single-bit and multi-bit cases.

From the above discussion and initial investigation on the WUS signal generation on BS using the OFDM transmitter, it can be observed that there is no BS impact on single-bit OOK WUS signal transmission. There is BS impact for multi-bit OOK transmission. The single-bit OOK WUS transmission may result in low spectrum efficiency, as such multi-bit WUS seems more preferable. RAN4 could investigate how to eliminate the BS impact for multi-bit transmission but it seems a straightforward way may be allowing the OFDM receiver into the WUR architecture for now. 
[bookmark: _Ref127544954]Multi-bit OOK transmission impacts BS RE dynamic range requirement
[bookmark: _Ref127544971]Single-bit OOK transmission has no BS impact
[bookmark: _Ref127544980]Adding an OFDM receiver as one option of the WUR architecture to enable multi-bit WUS transmission


Conclusions
In this contribution, we present our view on the evaluation of low-power wake-up signal design with below observations and proposals:
Observation 1 WUS signal will be OFDM modulated by reusing the deployed gNB radio architecture
Observation 2 There is no RF requirement impact when WUS signal is deployed.
Proposal-1: Evaluated the WUS signal design based on above two constrains from two observations above.
Observation 3 Multi-bit OOK transmission impacts BS RE dynamic range requirement
Observation 4 Single-bit OOK transmission has no BS impact
Proposal-2:Adding an OFDM receiver as one option of the WUR architecture to enable multi-bit WUS transmission
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