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1 Introduction
A new study item on low power wake-up signal and receiver has been approved [1].  The objectives of the SI are as follows:

	The study item includes the following objectives:

· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 

· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms and their coverage availability, as well as latency impact. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]

· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 



In this contribution, we discuss the L1 design issues for LP WUS.
2 Discussion
IEEE 802.11ba has already specified a low power wake-up signal design. In IEEE 802.11ba, the WUS is generated using On-Off Keying (OOK) waveform in a 4 MHz bandwidth. Two data rates are supported: a high data rate (HDR) of 250 kbits/s and a low data rate (LDR) of 62.5 kbits/s. The ON and OFF symbol durations are 2 µs and 4 µs for HDR and LDR, respectively. For HDR, bit 0 and bit 1 are represented as [ON OFF] and [OFF ON] while for LDR, bit 0 and bit 1 are represented as [ON OFF ON OFF] and [OFF ON OFF ON]. The WUS waveform is generated using the legacy OFDM transmitter. For NR, in addition to OOK, Frequency Shift Keying (FSK) waveform should also be considered since both of these waveforms have been extensively studied by academic research and industry and their feasibility are proved. 
To support data rates similar to IEEE 802.11ba, WUS symbol durations in the order of 2-4 µs can be considered for NR. WUS symbols with such short durations can be generated by two approaches:
1. WUS is generated using an OFDM transmitter with the same SCS as the legacy NR system operating in the same band (e.g., 30 kHz). Since in some cases the duration of an OFDM symbol with 15/30 kHz SCS may be too long for a WUS ON/OFF symbol, the output the OFDM symbol can be divided into multiple ON/OFF symbols using masking. The OFDM symbol for legacy data is generated in the conventional way and the two signals are added (Figure 1). Note that in this case, adjacent channel interference is going to occur since orthogonality is broken due to the masking operation and internal CP/GI added to the ON/OFF symbols. So, a guard band between data and WUS subcarriers should be considered.

2. In the second approach, the WUS is generated using a larger SCS (e.g., 480 kHz) and the whole OFDM symbol can be used either as an ON or an OFF symbol. The OFDM symbols for data and WUS are added as in approach 1. In this case as well, orthogonality is not preserved.
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Figure 1 WUS generation (same SCS as NR signal)
In 802.11ba, the WUS is generated using a fixed sequence at the input of the IDFT and the output of the IDFT is randomized using circular rotation to supress peaks that show up in the spectrum. A similar approach can also be considered for NR. Another option is to randomize the WUS sequence before the IDFT.
Proposal 1: Study MC-OOK and MC-FSK waveforms as LP WUS candidates.
Proposal 2: Consider WUS BW to be about [4] MHz
Proposal 3: Consider guard bands between WUS and NR signal.

Proposal 4: Study fixed and random WUS sequences.
Proposal 5: Consider the following options for WUS SCS
· same SCS as NR signal
· WUS SCS can be different than NR signal
LP WUR is expected to have a low clock precision so L1 signal design should consider a preamble in each WUS frame for synchronization (similar approach is adopted in IEEE 802.11ba).
Proposal 6: WUS frame consists of at least a preamble and a payload part.

Proposal 7: WUS preamble contains synchronization signals.

In legacy NR, UEs in idle mode perform paging monitoring and RRM measurements. These contribute to significant power consumption. If WUS is used to perform RRM measurements, the main radio can stay in deep sleep or off mode for a much longer duration. To this end, WUS L1 design should also support a beacon signal that can be used for synchronization and RRM measurements. To differentiate between cells, cell ID can be contained in the beacon frame. Instead of embedding the cell ID in synchronization sequences that can increase receive complexity, part of the cell ID can be in the beacon payload.
Proposal 8: Consider WUS beacon frames for RRM measurements.

Proposal 9: Cell ID should be included in the WUS beacon frame (if supported). Consider including part of the cell ID in the beacon payload. 

3 Conclusion
In this contribution, L1 signal design for LP WUS has been discussed. The following are proposed:
Proposal 1: Study MC-OOK and MC-FSK waveforms as LP WUS candidates.
Proposal 2: Consider WUS BW to be about [4] MHz
Proposal 3: Consider guard bands between WUS and NR signal.

Proposal 4: Study fixed and random WUS sequences.

Proposal 5: Consider the following options for WUS SCS

· same SCS as NR signal

· WUS SCS can be different than NR signal
Proposal 6: WUS frame consists of at least a preamble and a payload part.

Proposal 7: WUS preamble contains synchronization signals.

Proposal 8: Consider WUS beacon frames for RRM measurements.

Proposal 9: Cell ID should be included in the WUS beacon frame (if supported). Consider including part of the cell ID in the beacon payload. 
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