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1	Introduction 
The study on low-power Wake-up Signal and Receiver for NR has been added to the 3GPP Rel-18 work plan with the following objectives [1]:

	· 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. 



With discussion constrained to RAN1 so far, the latest study item status report provides a summary of RAN1 agreements in [2].  Of particular interest to the RAN4 RF work are the following architecture options, which are currently under consideration by RAN1:

	Study the architecture with RF envelope detection based on at least the following diagram for LP-WUR.
· The RF signal is converted into baseband signal directly via an RF envelope detector.
· There is no Local Oscillator (LO) and no Phase-Locked Loop (PLL).
· 1-bit or multi-bit ADC is applied.
· Some component(s), e.g., RF LNA and/or BB AMP, can be optionally applied.
· High-Q matching network and/or RF BPF [and/or BB LPF] can be used to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· FFS the support of band and/or carrier tuning
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	Study the heterodyne architecture with IF envelope detection based on at least the following diagram for LP-WUR.
· The RF signal is down converted into IF signal via an RF mixer with a LO. The IF signal is converted into baseband signal via an IF envelope detection.
· There may be one or multiple IF stages depending on design.
· The choice of the LO is one of the major factors that determines the power consumption.
· Lower power consumption can be achieved by relaxing the accuracy and stability requirements of the LO. However, such increased frequency offset and phase noise should be taken into account in the design and evaluation.
· FLL (frequency locked loop) may replace PLL for non-coherent detection.
· 1-bit or multi-bit ADC is applied.
· High-Q matching network and/or RF BPF and/or IF BPF [and/or BB LPF] can be used to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· Some component(s), e.g., RF LNA and/or IF AMP and/or BB AMP, can be optionally applied.
· Image rejection filter or an image rejection mixer is required.
· FFS the support of band and/or carrier tuning
· FFS the choice of IF frequency range
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	Study the homodyne/zero-IF architecture with baseband envelope detection based on at least the following diagram for LP-WUR.
· The RF signal is directly down converted into baseband signal via an RF mixer with a LO. 
· Baseband envelope detection can be done either in analog domain or in digital domain depending on design, which is not explicitly shown in the diagram.
· The choice of the LO is one of the major factors that determines the power consumption.
· Lower power consumption can be achieved by relaxing the accuracy and stability requirements of the LO. However, such increased frequency offset and phase noise should be taken into account in the design and evaluation.
· FLL (frequency locked loop) may replace PLL for non-coherent detection.
· 1-bit or multi-bit ADC is applied.
· High-Q matching network and/or RF BPF and/or BB BPF [and/or BB LPF] can be used to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· No image rejection filter is required.
· Some component(s), e.g., RF LNA and/or BB AMP, can be optionally applied.
· FFS the support of band and/or carrier tuning
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This contribution provides our views specifically to the topic of UE RF architectures and REFSENS.
2	Discussion 
For the sensitivity level, we can consider an initial range of values for the parameters that apply in the REFSENS calculation. It is important to highlight the trade-off between sensitivity level and power consumption of the receiver. Stringent requirement translate into higher order filter and larger dynamic range for the LNA, which derives into larger power consumption. In order to keep a reasonable power consumption as aimed for the LP WUR, we need to consider some relaxation on the receiver requirements. Sensitivitiy is calculated based on noise figure, channel bandwidth, diversity gain and SNR. 

LNA is the first active block in the receiver chain and key component in the estimation of the noise performance of the receiver. Designing a LNA with low power consumption and low noise is extremelly challenging. To achieve high linearity and high gain the LNA requires more stages translating in more power consumption. For NR FR1 a noise figure of approximately 10 dB can be assumed. For this initial calculation of LP WUR, we are considering a margin for the NF to reduce power consumption with a range between 15 to 25 dB. For the SNR values we are considering On-Off Keying with Manchester encoding and Multi-Tone WUS with a range of values between -10 dB to -4dB. For the implementation margin we are assuming  2.5 dB and the diversity gain is set to 0 dB, since only 1 Rx applies. 

As a result, we have estimated the sensitivity range shown in Table 3 for each WUS BW from 5 MHz to 20 MHz. The sensitivy range provides the minimum and maximum sensitivity results, when considering the parameters listed on the table.

Table 3: Sensitivity range for LP WUR
	RX parameter
	Units
	WUS BW (MHz)

	
	
	5
	10
	15
	20

	Noise Figure 
	dB
	15 to 25
	15 to 25
	15 to 25
	15 to 25

	SNR
	dB
	-10 to -4 
	-10 to -4 
	-10 to -4 
	-10 to -4 

	Diversity Gain
	dB
	0
	0
	0
	0

	Implementation Margin
	dB
	2.5
	2.5
	2.5
	2.5

	Sensitivity
	dBm
	  -99.5 to -83.5
	  -96.5 to -80.5
	  -94.7 to -78.7
	-93.5 to -77.5



[bookmark: _Toc127447303][bookmark: _Toc127448319][bookmark: _Toc146715439]Observation 1:	Lower target SNR translates to lower power dissipation for the RF part of the LP WUR.

Over the course of this study item, other companies have also provided their views on the sensitivity range for LP WUR.  RAN4 should capture a summary of these proposals in the TR.

[bookmark: _Toc127313601][bookmark: _Toc127362747][bookmark: _Toc127362835][bookmark: _Toc127447310][bookmark: _Toc127448326][bookmark: _Toc146715440]Proposal 1:	RAN4 should capture a summary of the companies’ proposals on sensitivity range in the TR.

In this way the TR can be used as an infeed to the potential LP-WUS work item (if it is added to the Rel-19 work plan by RAN).

3	Conclusions
This contribution provides our initial views on the LP WUR architectures.  The following observations and proposals are made:

Observation 1:	Lower target SNR translates to lower power dissipation for the RF part of the LP WUR.


Proposal 1:	RAN4 should capture a summary of the companies’ proposals on sensitivity range in the TR.
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