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Introduction
In the approved revised SI for low-power Wake-up Signal and Receiver for NR [1], one important direction is to study and evaluate low-power wake-up receiver architectures.· 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 discusses aspects related to low-power wake-up receiver architectures.
The design criteria for receiver architecture 
According to the SID shown as above, new signals will be introduced to be used as LP-WUS to further reduce the power consumption compared to the existing Rel-15/16/17 UE power saving mechanisms. To further prolong the battery life, a separate receiver will be designed to monitor new wake-up signal with ultra-low power consumption. When the WUR detects the wake-up signal, it will trigger the main radio on in order for the main radio to receive signals and/or channels. Otherwise, the main radio will maintain off state (from Rel-16) or off as a new state which can be further discussed during SI.
When new receiver architecture is taken into acount in NR for LP-WUS, the coverage should be evaluated. For increasing the application of LP-WUS, the coverage of LP-WUS should be consistent with the legacy signal of the main receiver. That is to say, the UE in the edge of the cell can also receive the LP-WUS to reduce their power consumption. Therefore, amplifier (like low noise amplifier) can be adopted when designing the WUR.
Proposal 1: The coverage of LP-WUS should be consistent with the legacy signal of the main receiver. 
To match the coverage of LP-WUS with one for legacy signal of the main receiver, the WUR architecture maybe not achieve maximum energy efficiency. However, considering that the WUR is assumed to be always on to monitor LP-WUS when the main receiver is off, the power consumption should still be much lower than the main radio. 
Proposal 2: The power consumption of the separate WUR should be reduced dramatically compared with main radio.
Since out of synchronization has a great impact on OOK signal detection, the synchronization issue should be further considered when designing the WUR. Besides, when LP-WUS is transmitted based on OFDM symbol by OOK modulation, the interference between LP-WUS and other signals cannot be ignored. In this case, Phase-locked loop (PLL) and/or Low pass filter (LPF) and/or band-pass filter (BPF) can be essential at the wake-up receiving by the WUR.
Proposal 3: Study synchronization and interference issue in LP-WUS reception.
[bookmark: _GoBack]According to the survey [2]-[16], we found that the data rate of LP-WUS can range from 0.3 to 200 kbps. In addition, the sensitivity can reach - 80 dBm in most papers, and the power consumption ranges from 4.5 uw to 578 mw. It should be noticed that there is a tradeoff between sensitivity, data rate and power consumption in the process of WUR designing. If we pursue higher sensitivity and data rate, it will lead to higher power consumption then.
Proposal 4: Study the impact of the tradeoff between sensitivity, data rate and power consumption in the process of WUR designing.
The basic structure for WUR
For Hardware module of the wake-up receiver used for signal detecting and processing, a separate receiver for reception of LP-WUS in addition to main NR radio transceiver can be a basic UE architecture for the study. Referring to the architecture of WUR, the structure can be divided into RF end and BB end. 
The LP-WUS is first received by the RF end via the antenna and then passes through the matching network that filters and boosts the incoming LP-WUS. After input matching, the signal passes through the amplifiers, often the low noise amplifier (LNA) for increasing the sensitivity and the coverage of the receiver by amplifying weak signals while meeting noise requirements. The LNA dominates in terms of power consumption. Then, an envelope detector (ED) or heterodyne detector can be consider for signal detection and conversion to baseband signal to make the circuit simpler and energy efficient. In addition, if ED is replaced by mixer, the power consumption on Oscillators, phase locked loop and mixer, may be further considered. Therefore, we think RAN1 should study various types of receivers (e.g., envelop detector, heterodyne detector) for LP-WUS reception in RF end.
To further reduce the interference between other signals and/or channels and LP-WUS in OFDM symbol and decode the data carried by LP-WUS, BB end should also be included in the separate WUR in our view. After that, the voltage multiplier rectifies the LP-WUS energy and converts this input signal into a direct current (DC) signal. The DC signal at the rectifier output is detected by a comparator then. When the comparator is triggered, an interrupt is generated to trigger the main radio on for data reception.
Proposal 5: Study various types of receivers (e.g., envelop detector, heterodyne detector) for LP-WUS reception in RF end.
Proposal 6: Considering the coverage and the decoding issue of LP-WUS, RF+BB architecture seems more suitable for receiving LP-WUS signals.
Conclusion
This contribution discusses the architectures for low-power wake-up receiver. Observations and proposals are summarized as follows: 
Proposal 1: The coverage of LP-WUS should be consistent with the legacy signal of the main receiver. 
Proposal 2: The power consumption of the separate WUR should be reduced dramatically compared with main radio.
Proposal 3: Study synchronization and interference issue in LP-WUS reception.
Proposal4: Study the impact of the tradeoff between sensitivity, data rate and power consumption in the process of WUR designing.
Proposal 5: Study various types of receivers (e.g., envelop detector, heterodyne detector) for LPWUS reception in RF end.
Proposal 6: Considering the coverage and the decoding issue of LP-WUS, RF+BB architecture seems more suitable for receiving LP-WUS signals.
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