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1 Background
Low-power wake-up signal and receiver for NR was discussed in RAN4 #106 bis-e. A WF has been approved [1] and an LS was sent to RAN1 [2]. Latest revised SID is found in [3].

In this tdoc we will discuss aspects of different wake-up receiver architectures.
   
2 [bookmark: _Hlk131610763]Consideration of wake-up receiver architectures
Architectures to be studied are described in [4]. Those architectures imply a dedicated low power wake-up receiver (LP-WUR). Target KPIs for noise figure (NF) and power consumption are still being discussed. NF to be discussed are: [9, 12, 15, 18, 21, 24] dB and relative on-power consumption options are narrowed down to: [0.01/0.05/0.1/0.5/1/2/4] (Note: the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the non-RedCap UE power model defined in Section 8.1 of TR 38.840. The UE power model for RedCap UEs can be found in Section 6.2 of TR 38.875) [4]. The primary target for low-power WUS/WUR are power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables [3], however all device types should be considered [1]. 
Low-power low-complexity design of a LP-WUR typically leads to a higher noise figure and degraded sensitivity, compared to the main receiver. Depending on which LP-WUR architecture is chosen, the level of power consumption vs noise figure and sensitivity varies. In addition, depending on the choice of LP-WUR, all LP-WUS designs may not be possible. 
The RF envelope-detection based architecture (described in [6]) has the highest potential for power saving. This architecture, however, has some implementation difficulties when it comes to channel filtering. One alternative would be to free up a dedicated wake-up band and then blocking requirements could be relaxed. A reasonable RF filter could be implemented. The dedicated band approach has been discussed but it hasn’t gained very much support (i.e. almost ruled out) [4]. The other alternative, for the RF envelope detector architecture is to use a sharp RF channel filter, that also has to be adjustable between different channels and different bands. We assume in this case that the blocking requirements are in the same ballpark as for the main receiver.
[bookmark: _Ref134806802]Observation 1	The RF envelope-detection based architecture has the highest potential for power saving but has some implementation difficulties when it comes to channel filtering.
Architectures with IF filtering such as heterodyne, super heterodyne, low IF, near-zero-IF or homodyne, do not suffer from the RF channel filter difficulties, but all need a local oscillator and therefore do not have as low power consumption as the RF envelope detector architecture.
[image: ]A survey of different reported architectures is found in [7] where power consumption is depicted against receiver sensitivity (Figure 1).
[bookmark: _Ref134867926]Figure 1: Power consumption versus Sensitivity (from [7]).
Super heterodyne or heterodyne architectures can achieve acceptable noise figure and on-power consumption in the range of 0.5 – 2mW. To achieve on-power consumption in the range of 100 – 500 µW, most likely, low-IF or homodyne architectures should be used. 
[bookmark: _Ref134882548]Proposal 1	For a fair evaluation of LP-WUS/LP-WUR, companies should provide a noise figure and power consumption for each proposed LP-WUR architecture.
Even though the power consumption of LP-WUR is much lower than the main receiver, the associated performance loss compared to the main receiver needs to be considered in the design of LP-WUS/WUR scheme. This may have a negative effect on e.g., coverage and/or latency, and to compensate for this, other measures may have to be taken, such as e.g., power boosting or spreading. 
When evaluating the UE ACS of the different architectures, the use cases described in [3] should be considered. For example, IoT use cases, such as industrial sensors, controllers, and wearables, may be low-cost and small form factor devices. Therefore, LP-WUS/WUR designs not requiring costly and bulky filtering may be the natural chose, sufficient guard bands may need to be included and the LP-WUS be restricted to in-band. On the other hand, these guard bands might be a precious resource which has to be taken into the equation.

[bookmark: _Ref131694620]Proposal 2	The complexity aspect should be considered for the design of LP-WUS/WUR scheme.
3 Conclusion
In this contribution, we have discussed low-power wake-up signal and receiver for NR. The following observations and proposal have been made:
Observation 1	The RF envelope-detection based architecture has the highest potential for power saving but has some implementation difficulties when it comes to channel filtering.
Proposal 1	For a fair evaluation of LP-WUS/LP-WUR, companies should provide a noise figure and power consumption for each proposed LP-WUR architecture.
Proposal 2	The complexity aspect should be considered for the design of LP-WUS/WUR scheme.
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