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Introduction
[bookmark: _Hlk66110521]The revised SID [1] have been endorsed in RAN#97-e.
	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, the coverage availability, as well as latency impact of low-power WUR/WUS. 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. 


This contribution provides L1 designs and procedures to support LP-WUS.
L1 designs
L1 designs, e.g., structure, waveform, coexistence, and interference
L1 designs depend on a system structure, including essential components required at the transmitter and receiver. Figure 1 shows a signal flow for OFDM-based multi-carrier on-ff keying (MC-OOK). Descriptions are below.
Cell ID
Cell ID carried by LP-WUS can prevent being woken up by another cell. However, NR has 1008 physical cell identities (PCI), carried by PSS and SSS with 127 BPSK symbols. 
Sequence gen.
The sequence can consider the existing ones, e.g., PSS and SSS. However, these sequences can carry partial Cell ID.
[image: Diagram

Description automatically generated]
[bookmark: _Ref115181393]Figure 1: the signal flow of the OFDM-based MC-OOK system
Manchester OOK mod.
OOK demodulation requires estimating SNR for an optimal threshold, which is complex to LP-WUR. Manchester encoding can simplify the demodulation by comparing the two received signals. However, Manchester needs the start timing of the frame. 
RE mapping
RE mapping may exclude the DC subcarrier (LTE does not use the DC subcarrier) because it can suffer interference from local oscillator leakage. It facilitates WUR to employ a DC blocker. It may include a Guard band (GB) to relax accuracy for a low-complexity oscillator and an LPF.
Waveform shaping
Waveform shaping may use an FFT matrix (DFT-based OOK), preventing inter-symbol interference (ISI). However, adding CP may break the OOK sequences. 
Add CP
NR has long and short CP within each 1ms subframe. How to remove CP needs FFS. 
Masking OOK
WIFI generates OOK by masking (nulling) the OFDM signals generated by random data. Masking-based could be 2dB worse than DFT-based OOK [2]. It may lead to PAPR and ISI. Adding a waveform shaping filter is a solution. 
Mixer
A mixer impacts interference resilience. LLS needs to consider its oscillator inaccuracy.
Low pass filter (LPF)
An LPF impacts interference resilience. The narrow bandwidth of LPF results in better interference suppression but potentially more power consumption. LLS needs to determine a proper filer order.
ADC
An N-bit ADC impacts receiver sensitivity and interference resilience. The ADC needs to determine a sampling rate and the LP WUS bandwidth.
Envelope detector
The envelope detector (ED) converts any input frequency to DC. A DC blocker usually follows the ED to filter out the DC component. However, the need for the DC block can be FFS.
Cel ID correlator
Cell ID correlator can be coherent or non-coherent for LP-WUS detection. A sliding correlator with buffered data may accommodate the time drift, leading to better performance. Cell ID correlator needs to determine a target sequence and whether data payload is needed. 
[bookmark: _Toc115454778]WUS can carry partial cell ID information to facilitate NW deployment.
[bookmark: _Toc115454779]WUS can use Manchester coding to simplify OOK demodulation. 
[bookmark: _Toc115454780]WUR may deploy a DC block that requires gNB to exclude the DC carrier.
[bookmark: _Toc115454781]WUS may need CP removal at gNB or WUR.

L1 procedures
L1 procedures and corresponding UE behaviors 
In RRC idle mode, UE maintains RRM in every DRX or related RRM measurement cycle to confirm it is in the same cell. If not, cell re-selection will be triggered. It is reasonable to leave RRM to the main receiver.
[image: C:\Users\mtk27199\OneDrive%20-%20MediaTek\文件\mtk\note\information\pic\Pasted%20image%2020220708103304.png]
Figure 2: RRM measurement cycle
If LP-WUR only operates between RRM, it may obtain course timing information to decode OOK or maintain the duty cycle. In this case, beacon-like LP WUS, i.e., always on like SSB, may not be needed, beneficial to spectrum efficiency.
In addition, it may support UE-group or UE-specific WUS based on the UE-specific RRM configurations.
If WUS transmission is always on, and if partial cell ID information is provided, it is possible to enable WUS-based RRM. In this case, the WUR can depend on multiple WUS measurements to confirm it is in the same cell. If not, WUR may wake up the main receiver to perform RRM. 
[bookmark: _Toc115454782]If LP WUR operates only between RRM, always-on LP WUS may not be needed, which benefits spectrum efficiency.
[bookmark: _Toc115454783]If LP WUR operates only between RRM, UE-group, or UE-specific WUS based on the UE-specific RRM configurations could be supported.
[bookmark: _Toc115454784]If LP WUS transmission is always on and contains cell ID information, it is possible to enable WUS-based RRM to prolong the main receiver's sleep time.  

Conclusion
In this contribution, we have the following observations and proposals.
Observation 1	WUS can carry partial cell ID information to facilitate NW deployment.
Observation 2	WUS can use Manchester coding to simplify OOK demodulation.
Observation 3	WUR may deploy a DC block that requires gNB to exclude the DC carrier.
Observation 4	WUS may need CP removal at gNB or WUR.
Observation 5	If LP WUR operates only between RRM, always-on LP WUS may not be needed, which benefits spectrum efficiency.
Observation 6	If LP WUR operates only between RRM, UE-group, or UE-specific WUS based on the UE-specific RRM configurations could be supported.
Observation 7	If LP WUS transmission is always on and contains cell ID information, it is possible to enable WUS-based RRM to prolong the main receiver's sleep time.

Reference 
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[bookmark: _Ref115445602]IEEE 802.11-17/1037r0, Performance Evaluation of OOK Waveform Coding Schemes with Impairments, InterDigital
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