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Introduction
In RAN#97, study item in RP-222644 has been approved. 
	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. 
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



Discussion
While different architectures to receive wake-up signals exist, not all are suitable for cellular deployments. To be more precise, architectures where RFFE requires High Quality RF filter (e.g. SAW) for every possible location/ARFCN should be avoided. While tunable HQ-RF filters exist, such systems require as well an oscillator and therefore are not so much different from homodyne receivers, also called ZERO-IF receivers. 
Observations-1: Designs including non-tunable HQ-RF filters are not suitable for cellular systems. Designs assuming those should not be further considered. 
Our preferred architecture to consider is on the Figure 1. In here, we assume that LP-WUS is 4MHz wide (as an example), this to accommodate for +-800kHz frequency error at 4GHz frequency which is caused by low-power low-precision oscillator. And to ensure that envelop detector sees only LP-WUS and not neighbor channel signals. 



[image: ]
Figure 1 Proposed architecture

In our opinion, a Low-IF would not be a better choice than Zero-IF, if LP-WUS is as wide as 4MHz. With wider signal zero-IF receiver can cope with DC interference as well as flicker noise. 
Power consumption
When it comes to power consumption of above architecture, the main power hungry elements are IF amplifier and ring oscillator. Amplifier after mixer would consume less power and take less space, compared to placing it before mixer, but it makes architecture prone to LO leakage back to antenna.  
Our estimated power consumption for Figure 1 architecture considering low and high bands could be below 0.3mW.  This not including baseband processing and XO, but considering e.g. power management.  
To achieve sensitivities better than -90dBm, LC-DCO/LC-VCO seems to be needed which would consume on its own at least 0.4mW.
Observation-2: LC-DCO/LC-VCO alone consumes more than what ring-oscillator-based LP-WUS design would consume in RF part.
Sensitivity
The loss of sensitivity with ring oscillator is due to increased phase noise, causing leakage of neighbour bands to LP-WUS band in down-conversion. 
On the other hand, if UE could be guaranteed that surrounding signals are at the same level as LP-WUS, receiver could have more relaxed requirements in terms of filtering as well as integrated phase noise requirements to guarantee Required SNR. For example, LP-WUS placed in the middle of carrier would avoid 30dB blockers at the edge of LP-WUS signal.
Proposal-1: Consider restricting LP-WUS location in the middle of NR carrier, this relaxing requirements on filtering and phase noise while possibly providing required sensitivity to achieve Required SNR at agreed MIL.
Conclusions 
In this contribution we discussed issues related to LP-WUS architecture and we had the following observations and proposals:
Observations-1: Designs including non-tunable HQ-RF filters are not suitable for cellular systems. Designs assuming those should not be further considered. 
Observation-2: LC-DCO/LC-VCO alone consumes more than what ring-oscillator-based LP-WUS design would consume in RF part.
Proposal-1: Consider restricting LP-WUS location in the middle of NR carrier, this relaxing requirements on filtering and phase noise while possibly providing required sensitivity to achieve Required SNR at agreed MIL.
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