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1. Introduction
RAN4#106 starts the discussions on low power wake-up signal designs, but no progress has been made as the discussions are focused on architecture related issues. However, one aspect related to BS requirements RE dynamic range has been raised and offline discussed within a small group. 
In this contribution, we provide some proposals on WUS design to resolve the WUS PSD issue. 
2. Discussions
In RAN1#112 meeting, physical signal design and procedure for low power WUS were discussed, and some agreements were made [2].
	Agreement
For MC-ASK waveform generation, where K is size of iFFT of CP-OFDMA, N is number of SCs used by LP-WUS including potential guard-bands, study further 
· Option OOK-1: Single-bit in 1 OFDM symbol, SCs of LP-WUS are 
· OOK=1 means all SCs are modulated
· OOK=0 means all SCs are zero power (from base-band point of view)
[image: C:\Users\11057001\AppData\Local\Temp\ksohtml\wpsCCBE.tmp.png]
· Option OOK-2: Parallel M-bit OOK in frequency domain, 
· N SCs of LP-WUS is further separated into M segments (M=2 in Figure) possibly with guard-bands in-between and/or around 
· OOK=1 means all SCs in segment are modulated
· OOK=0 means all SCs in segment are zero power (from base-band point of view)
· FFS architecture.
[image: C:\Users\11057001\AppData\Local\Temp\ksohtml\wpsCCCE.tmp.png] 
· Option OOK-3: Multi-tone single-bit OOK
· N SCs of LP-WUS is separated into L segments (L=2 on Figure) without guard-bands in-between segment, but possibly around
· OOK=1 means 1 sub-carrier (known by UE) of each segment is modulated, rest of SC is zero power (from base-band point of view)
· OOK=0 means all SCs in all segments are zero power (from base-band point of view)
· FFS architecture
[image: C:\Users\11057001\AppData\Local\Temp\ksohtml\wpsCCCF.tmp.png] 
· Option OOK-4: Transform M-bit OOK in time domain 
· N SCs of OOK-1 are generated by a transformation (DFT/Least square)
· N’ samples are generated from M-bits 
· signal modification may or may NOT be used
· truncation or other additional modification may or may NOT be used, if not used, N is the same as N’
· N’ can be the same as K
[image: C:\Users\11057001\AppData\Local\Temp\ksohtml\wpsCCD0.tmp.png] 
· FFS modulated SCs are e.g. QAM symbols, sequences or other signals 
· Companies to report their assumptions
· potential guard-band SCs are zero power (from base-band point of view)
· [optionally, 2 additional segments, one always modulated and one always zero power (from base-band point of view) can be transmitted]
Other options are not precluded (e.g. OOK-1 with multiple bits in one OFDM symbol)



For option OOK-1: Single-bit in 1 OFDM symbol, one on/off chip is mapped to one OFDM symbol. A predefined sequence, e.g., ZC sequence, can be mapped to REs to modulate ‘on’ chip in time domain, and zeros are mapped to the REs to modulate ‘off’ chip. The spectrum can be uniformly distributed in the allocate resources, e.g., when ZC sequence is mapped in frequency domain to create on pulse. So, the spectrum can be as flat as non-WUS signal in frequency domain, similar spectrum PSD has also been observed in Figure 3, in [1].
Observation 1: For single-bit in 1 OFDM symbol, the spectrum can be uniformly distributed in the allocate resources.

For OOK-4: Transform M-bit OOK in time domain. 
Regarding the block ‘signal generation and modification’ in option OOK-4, signal modification can be applied for the purposes below 
· Reduce spectral line effect and make PSD of LP-WUS flatter
Due to spectral line effect, the power spectrum density of LP-WUS in frequency domain is centralized in a super narrower bandwidth as shown in Figure 1, which is quite sensitive to the frequency selectivity. In order to solve this problem, one solution is to scramble the phase of the time domain signal before DFT. As shown in Figure 2, the signal power is more evenly distributed within the allocated bandwidth after phase scrambling, and the RE dynamic range is between {-3.42, 1.41} dB, which fulfills emission requirements for existing NR DL channels defined in TS 38.104.
[image: ] 
[bookmark: _Ref127520512]Figure 1. PSD and time domain waveform of MC-OOK signal generated through opt OOK-4
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[bookmark: _Ref131789781]Figure 2. PSD and waveform of MC-OOK signal generated through OOK-4

[bookmark: OB7]Observation 2: Regarding the block ‘signal generation and modification’ in option OOK-4, signal modification can be used for making PSD of LP-WUS flatter.

Proposal 1: Adopt signal modification for making PSD of LP-WUS flatter to meet BS dynamic range requirements.
In addition, in RAN1#112 meeting, some additional receiver architectures have been agreed [2].
	Agreement
Study the parallel receiver architectures (as examples that can be captured in the TR) for FSK based on the following diagrams:
· Parallel homodyne architecture 
[image: C:\Users\z00526220\AppData\Roaming\eSpace_Desktop\UserData\z00526220\imagefiles\FB35D129-2AE3-49DF-8504-BE521D4B21A1.png]
· The observations made for homodyne/zero-IF architecture with baseband envelope detection in RAN1#110b/111 are also applicable here.
· Parallel heterodyne architecture 
[image: A picture containing text, night sky
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· The observations made for heterodyne architecture with IF envelope detection in RAN1#110b/111 are also applicable here.
· Note: Other architectures are not precluded.
· The OOK receiver architectures agreed for study in RAN1#110bis-e are also examples that can be captured in the TR

Agreement
Study the receiver architectures (as examples that can be captured in the TR) for FSK with frequency to amplitude conversion based on the following diagrams:
· Homodyne architecture with frequency to amplitude conversion
· I/Q branches are required for frequency to amplitude conversion in digital BB.
[image: C:\Users\l00363185\AppData\Roaming\eSpace_Desktop\UserData\l00363185\imagefiles\006A86E9-9095-4CBD-ABAA-70D6323D33BC.png]
· Heterodyne architecture with frequency to amplitude conversion
[image: Diagram
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· Companies provide the exact type of frequency to amplitude conversion being studied.
· Note: Other architectures are not precluded.
Agreement
For OFDMA-based signals/channels, study the receiver architectures based on the following diagrams:
· I/Q branches are required for digital BB processing.
· Digital BB processing may or may not include FFT (companies to provide details on how).
· For sequence-based OFDM signals/channels, digital BB processing includes sequence correlation in either time domain (without FFT) or frequency domain (after FFT).
· Proponent companies should at least provide details on power consumption reduction compared to the MR regarding the RF and digital BB processing.
· Companies are encouraged to provide the break-down for the components.
· The potential power reduction compared to the main radio may come from e.g.:
· Lower performance LNA/amplifier
· Oscillator/PLL with relaxed performance requirements
· ADC with lower sampling rate and smaller bit-width
· Reduced BB processing complexity compared to the MR
· Companies are encouraged to provide the performance analysis corresponding to the considered power consumption considering the impact of e.g. phase noise, I/Q mismatch.
· Companies to report whether the LP WUR is assumed to share components with MR. In case of component sharing, the potential impact on the MR ultra-deep sleep state should be considered.
· Companies to report the possible number of information bits
· In addition, companies should consider the power consumption in the OFF state and the transition energy.
[image: Diagram

Description automatically generated]



As agreed in RAN1 that this study item would not make decisions on down-selection of WURs, in general all the wake-up architectures should be discussed. Therefore, RAN4 should decide a proper work management of the late-introduced architectures due to limited timeline.
Observation 3: RAN4 may also need to consider the FSK-based and OFDM-based architectures.
Proposal 2: RAN4 focus on the discussions on LS related issues, FSK-based and OFDM-based architectures can be treated with contribution driven manner.
3. Conclusion
In this contribution, we provide our views on LP-WUS, and have the following proposals:
Observation 1: For single-bit in 1 OFDM symbol, the spectrum can be uniformly distributed in the allocate resources.
Observation 2: Regarding the block ‘signal generation and modification’ in option OOK-4, signal modification can be used for making PSD of LP-WUS flatter.
Observation 3: RAN4 may also need to consider the FSK-based and OFDM-based architectures.

Proposal 1: Adopt signal modification for making PSD of LP-WUS flatter to meet BS dynamic range requirements.
Proposal 2: RAN4 focus on the discussions on LS related issues, FSK-based and OFDM-based architectures can be treated with contribution driven manner.
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