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Introduction
In RAN #94 meeting¸ new study item on low-power Wake-up Signal and Receiver for NR[1] was approved and the latest revision was approved in [2]. In last RAN1 110bis-e meeting, some initial agreements regarding the receiver architectures also are captured in the chairman notes [3]. 
	[bookmark: OLE_LINK8]Agreement
Study at least the following three types of receiver architectures for LP-WUR:
· Architecture with RF envelope detection 
· Heterodyne architecture with IF envelope detection
· Homodyne/zero-IF architecture with baseband envelope detection
· Note: The details of each type of receiver architecture are discussed separately.
· Note: Above receiver architectures are considered suitable for OOK modulation. Some of the architectures can be applicable for other modulations such as FSK.

Agreement
[bookmark: OLE_LINK14]For the analysis of a receiver architecture, companies are encouraged to provide at least the following (when applicable):
· Details of the receiver 
· Receiver architecture type
· Assumed modulation/waveform/coding
· Presence of a RF LNA / IF AMP / BB AMP, and the corresponding gain, if any
· Local oscillator
· Type of oscillator and the corresponding frequency accuracy/drifting
· Handling of time/frequency impairments
· Presence of PLL or FLL
· ADC: sampling rate, bit-width
· Assumed signal bandwidth and guard band, and frequency location within a carrier (including whether it is fixed or can be flexible)
· [bookmark: OLE_LINK46]RF/IF/BB filter characteristics (e.g. type of filter, order, cut-off frequency/frequencies), if any
· Baseband processing (e.g., sequence correlation detection / decoding, other signal processing, if any)
· Assumed frequency band(s) and the support of band and/or carrier tuning
· Duty cycle handling of WUS and other signals (if any)
· Interference rejection capability (including both adjacent-channel interference and interference from adjacent subcarriers occupied by legacy NR signals or other LP WUS)
· Handling of inter-cell interference
· Whether there is any mobility support function, e.g. measurement capability
· Performance metrics
· Power consumption during active monitoring/reception and during off state (and breakdown if possible)
· Noise figure
· Sensitivity/coverage
· Data rate
· FFS: other performance metrics for, e.g., cost/complexity, interference rejection capability and inter-cell interference handling
Note: The performance and design of receiver architecture is expected to be dependent on WUS design. This list can be updated later when the discussion on WUS signal/procedure design (AI 9.13.3) starts.



As seen, the main architectures include envelope detection, Heterodyne architecture with IF envelope detection, and Homodyne/zero-IF architecture with baseband envelope detection. These architectures are suitable for OOK modulation. As for FSK, we need to further discuss the implementation details. 
[bookmark: OLE_LINK22]In this contribution, we further discuss receiver architectures details on LP-WUS.
Receiver architectures for OOK detection
2.1 RF envelope detection
[bookmark: OLE_LINK11]For the RF envelope detection, the initial architecture is agreed as follows.
	Agreement
[bookmark: OLE_LINK51]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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[bookmark: OLE_LINK16]The analysis of this receiver architecture is listed as follows.
· RF filter
Considering that multiple frequency operating bands in different frequency carriers (such as 700 MHz, 2.6GH and 4 GHz) are supported for NR UE in FR1, a set of dedicated RF filters are supported in a NR UE in order to support the UE working on every operating band. It is nature to assume the RF filter can operate on a frequency range and cannot operate across multiple carriers or bands due to the cost/power limit for low-power WUS receiver.
[bookmark: OLE_LINK1]For selection of filter order, it is common understanding that the higher the filter order, the better the filtering performance, the higher the power consumption and the higher the cost. Thus, on the premise of meeting filtering performance in practice the filter order is usually selected with a lower order. For example, the selected RF filter order is not larger than 3. 
[bookmark: OLE_LINK83]For the filter cutoff frequency, some factors such LP-WUS bandwidth selection, guardband requirement and performance metric will have obvious impact on the details determination.
· [bookmark: OLE_LINK2][bookmark: _GoBack]RF LNA
[bookmark: OLE_LINK10][bookmark: OLE_LINK9][bookmark: OLE_LINK5][bookmark: OLE_LINK4][bookmark: OLE_LINK44]Considering noise cannot be effectively avoided by RF BPF, RF LNA is necessary to be added before RF ED operation to increase detection performance. LNAs account for approximately 25% of power consumption, or ever more than 50% [4] of the RF ED based receiver. At the same time, LNAs can provide performance gain up to 15 dB.
· BB AMP 
Considering that the receiver sensitivity of the RF receiver is the worst among the three types of receiver architectures, BB AMP can be added after ED to further improve the receiver performance.BB AMP account for approximately 10% of power consumption of the RF ED based receiver, and can provide performance gain up to 5 dB.
· [bookmark: OLE_LINK77]BB filter
[bookmark: OLE_LINK87]BB filter can be used to further filter out the noise and interference from the frequency outside of LP-WUS bandwidth. For filter order, in practice the filter order is usually selected with a lower order, such as the order is not larger than 3. 
· ADC
[bookmark: OLE_LINK55][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK18]ADC account for approximately 5% to 10% of power consumption of the RF ED based receiver. However, the more the quantized bits, the better the detection performance and the higher the power consumption. In particular, the power consumption increases exponentially with the number of quantized bits for ADC. Thus, it is recommended that number of quantized bits no larger than 4 can be used as a starting point.
· [bookmark: OLE_LINK17]Digital Baseband processing
[bookmark: OLE_LINK54]For DBP, a correlator is necessary so that the quantized bits output from ADC can do a correlation detection. Therefore, the detection performance will be increased compared with detection with a comparator. In addition, the corresponding storage device is also necessary to store the quantized bits and the correlation result. 
· [bookmark: OLE_LINK42]Duty cycle handling of WUS
[bookmark: OLE_LINK75]In general, “Always on monitoring” has much higher power consumption compared with “Periodical monitoring”. However, shorter latency is expected for “Always on monitoring”. Therefore, whether “Always on monitoring” or “Periodical monitoring” is supported in one receiver architecture depends on the total power consumption of this receiver and the latency requirement of the corresponding use case.
Regarding the impacts on receiver, the frequency drift brought by periodic monitoring should be considered based on the architectures design and periodicity for the LP-WUS monitoring.
Proposal 1: whether the frequency draft during periodic monitoring is the same with that during always-on monitoring can be discussed.

· [bookmark: OLE_LINK20]Interference rejection capability
[bookmark: OLE_LINK52]For RF ED based receiver, only RF BPF before RF ED is used for filtering noise and adjacent channel interference (ACI). Considering the larger filtering bandwidth and lower filter order, the RF BPF cannot get a good performance in terms of noise/adjacent-channel interference suppression. 
· [bookmark: OLE_LINK41]Mobility support
Only for the use case of industrial wireless sensors, the mobility support is not an emergency since it is assumed stationary. For the wearables and XR UEs, the mobility support may be needed. 
[bookmark: OLE_LINK80][bookmark: OLE_LINK56]However, the frequency offset caused by UE mobility may affect detection performance of this receiver. Whether frequency offset calibration schemes should be introduced for LP-WUS depends on the evaluation result of the coverage performance and receiver sensitivity of LP-WUS, and also it is related to the power consumption/complexity requirement for this RF envelope detection architecture.
Observation 1: Frequency offset caused by UE mobility may affect detection performance of RF envelope detection.
[bookmark: OLE_LINK68]Proposal 2: For the architecture with RF envelope detection, the following components should be considered:
· RF filter
· High-Q filter is needed
· [bookmark: OLE_LINK19][bookmark: OLE_LINK53]Filtering order is not larger than 3
· [bookmark: OLE_LINK92]Frequency carriers tuning is not supported
· [bookmark: OLE_LINK91]Tuning within some operating bands which are close in frequency domain may be supported
· RF LNA
· RF ED
· BB AMP
· Multiple-bit ADC
· No larger than 4-bit ADC can be used as a baseline
· BB Filter
· Filtering order is not larger than 3
· Digital Baseband processing
· Correlator and corresponding storage device

2.2 Heterodyne architecture with IF envelope detection
	Agreement
[bookmark: OLE_LINK58][bookmark: OLE_LINK57]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.
· [bookmark: OLE_LINK21]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.
· [bookmark: OLE_LINK23]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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[bookmark: OLE_LINK48][bookmark: OLE_LINK76][bookmark: OLE_LINK78]Firstly, RF BPF, RF LNA, ADC and Digital Baseband processing are necessary components for heterodyne architecture with IF envelope detection and the corresponding analysis are the same as that in section 2.1. Secondly, the duty cycle handling of WUS in this receiver architecture is also the assumed similar as that in section 2.1. Moreover, the analysis of other components for this receiver architecture is listed as follows.
· [bookmark: OLE_LINK96]Mixer
In general, there are two types of mixer, active Mixer and passive Mixer. Compared with passive Mixer, active Mixer has the following advantages:
· [bookmark: OLE_LINK84]Provide a conversion gain to the output signal since there are internal block with conversion gain on the LO port and RF output port.
· Require less input LO power, which is much lower than most passive mixers.
· More integrated and smaller size
[bookmark: OLE_LINK81]Therefore, active Mixer is recommended for this receiver architecture.
· [bookmark: OLE_LINK79][bookmark: OLE_LINK69]LO
Considering that the adopted type of LO should satisfy the feature of lower power consumption, such as Ring oscillator, its frequency accuracy will be worse than oscillator used on Main Radio. If LP-WUS detection performance will be seriously degraded by the frequency offset caused by lower accuracy of Ring oscillator, frequency offset calibration schemes can be introduced to improve LP-WUS detection performance. If it still works not well, PLL/FLL can be added, but the increased power consumption due to PLL/FLL needs to be carefully evaluated. Since LO plus PLL/FLL may account for approximately 35% of power consumption of the RF ED based receiver.
· IF BPF
[bookmark: OLE_LINK86]IF BPF is used for LP-WUS channel selectivity. For the filter cutoff frequency, some factors such LP-WUS bandwidth selection, guardband requirement and performance metric will have obvious impact on the its selection. For filter order, in practice the filter order is usually selected with a lower order, such as the order is not larger than 3. 
· [bookmark: OLE_LINK85]BB LPF
[bookmark: OLE_LINK59]The noise can be further reduced by BB LPF and the costs and power consumption of BB LPF is much lower. Therefore, it is recommended to add BB LPF in this receiver architecture. Moreover, it can be used together with the transmitting filter to form a group of matched filters to avoid inter-symbol interference.
· BB AMP /IF AMP
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK60]From the perspective of power consumption, it is not recommended to add BB AMP or IF AMP if the receiver sensitivity has already met the requirement. Otherwise, we preferentially support IF AMP to improve the detection performance.
· [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Image rejection filter or an image rejection mixer 
In general, image rejection filter has higher cost and image rejection mixer has higher power consumption in implementation. Since active Mixer is recommend and it cannot integrate with function of image rejection, thus a image rejection filter is recommended in this receiver architecture. 
· Mobility support
[bookmark: OLE_LINK66]For this receiver architecture, RF signal is converted to IF signal, the frequency offset caused by UE mobility is much less than that of RF. ED performance at lower frequency is better than RF, thus the UE mobility supporting is better in this receiver architecture than that of RF ED based receiver. In addition, if PLL or FLL can be supported, UE mobility can be supported well since the frequency accuracy can be guaranteed by PLL or FLL.
Observation 2: For heterodyne architecture with IF envelope detection, the frequency offset caused by UE mobility is much less than that of RF.
[bookmark: OLE_LINK93]Proposal 3: For heterodyne architecture with IF envelope detection, the following components should be considered:
· RF filter
· High-Q filter is needed
· Filtering order is not larger than 3
· Frequency carriers tuning is not supported
· Tuning within some operating bands which are close in frequency domain may be supported
· RF LNA
· Active Mixer
· LO
· Ring oscillator can be used as a baseline
· [bookmark: OLE_LINK82]Whether PLL/FLL is added should be depended on the LP-WUS detection performance evaluation and power consumption evaluation  
· IF BPF
· High-Q filter is needed
· Filtering order is not larger than 3
· Channel selectivity can be supported
· IF ED
· IF AMP/BB AMP
· Depended on the LP-WUS detection performance evaluation
· Multiple-bit ADC
· No larger than 4-bit ADC can be used as a baseline
· BB Filter
· [bookmark: OLE_LINK88]Filtering order is not larger than 3
· Image rejection filter
· Digital Baseband processing
· Correlator and corresponding storage device

2.3 Homodyne/zero-IF architecture with envelope detection

	Agreement
[bookmark: OLE_LINK72]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
[image: ]



Firstly, RF BPF, RF LNA, ADC and Digital Baseband processing are necessary components for homodyne/zero-IF architecture with baseband envelope detection and the corresponding analysis are the same as that in section 2.1. Secondly, duty cycle handling of WUS in this receiver architecture is also the similar as that in section 2.1. Moreover, the analysis of other components for this receiver architecture is listed as follows.
· Mixer
In general, there are two types of mixer, active Mixer and passive Mixer. Compared with passive Mixer, active Mixer has the following advantages:
· Provide a conversion gain to the output signal since there are internal block with conversion gain on the LO port and RF output port.
· Require less input LO power, which is much lower than most passive mixers.
· High integration and small size
Therefore, active Mixer is recommended for this receiver architecture.
· LO
Compared with LO in IF ED based receiver, in Zero-IF architecture the frequency accuracy requirement of LO is much higher since the RF signal should be converted to baseband instead of IF. If lower power consumption oscillator, such as Ring oscillator, is used in this architecture, PLL or FLL should be supported to guarantee a good frequency accuracy performance.
· BB LPF
BB LPF is used for LP-WUS channel selectivity. For the filter cutoff frequency, some factors such LP-WUS bandwidth selection, guardband requirement and performance metric will have obvious impact on the its selection.
The noise can be further reduced by BB LPF and the costs and power consumption of BB LPF is much lower. Moreover, it can be used together with the transmitting filter to form a group of matched filters to avoid inter-symbol interference.
For filter order, in practice the filter order is usually selected with a lower order, such as the order is not larger than 3. 
· BB AMP
It is recommended to add BB AMP if the receiver sensitivity cannot meet the requirement.
· DC offset and Flick Noise avoidance
Issues on DC offset and Flick Noise require additional components to solve. The costs and power consumption of the above components should be considered.
· [bookmark: OLE_LINK70]Mobility support
[bookmark: OLE_LINK74]For this receiver architecture, the RF signal is converted to BB signal, the frequency offset caused by mobility is much less than that of RF and the ED performance at lower frequency is better than RF, thus the mobility supporting is better in this architecture than that of RF receiver. 
For this receiver architecture, RF signal is converted to BB signal and PLL or FLL is recommended to be added, thus the frequency offset caused by UE mobility is the least in the three receiver architectures.
Observation 3: For homodyne/zero-IF architecture with baseband envelope detection, the frequency offset caused by UE mobility is the least in the three receiver architectures.
Proposal 4: For homodyne/zero-IF architecture with baseband envelope detection, the following components should be considered:
· RF filter
· High-Q filter is needed
· Filtering order is not larger than 3
· Frequency carriers tuning is not supported
· Tuning within some operating bands which are close in frequency domain may be supported
· RF LNA
· Active Mixer
· LO
· Ring oscillator can be used as a baseline
· PLL/FLL is added 
· BB LPF
· High-Q filter is needed
· Filtering order is not larger than 3
· Channel selectivity can be supported
· BB ED
· BB AMP
· Depended on the LP-WUS detection performance evaluation
· Multiple-bit ADC
· No larger than 4-bit ADC can be used as a baseline
· Avoid DC offset and Flick Noise
· Digital Baseband processing
· Correlator and corresponding storage device

2.4 Comparison
All the possible components from our perspective for each architecture are listed in Table 1.
Table 1. All the components comparison
	
	RF ED
	IF ED
	Zero-IF ED

	Antennas
	Y
	Y
	Y

	High-Q matching network
	Y
	Y
	Y

	RF BPF
	Y
	Y
	Y

	RF LNA
	Y
	Y
	Y

	Mixer
	NO
	Y
	Y

	LO
	NO
	Y
PLL/FLL is optionally needed
	Y
PLL/FLL is needed

	IF AMP
	NO
	Y
	NO

	IF BPF
	NO
	Y
	NO

	IF ED
	Replaced as RF ED
	Y
	Y

	BB AMP
	Y
	[bookmark: OLE_LINK30]Optional
	Y

	BB LPF
	Y
	Y
	Y

	ADC
	Y
	Y
	Y

	Digital baseband processing
	Y
	Y
	Y



It is obvious that IF ED architecture is more complex and it probably has higher power consumption. The RF ED architecture has the least complexity and it probably has least power consumption. As for the Zero IF ED architecture, even it is kind of medium position, its power consumption is closer to IF ED architecture’s.
According to the current literature description and implementation for WI-FI, Table 2 can be an example to consider the performance metrics for the three receiver architectures.
Table 2. performance metrics for the receiver architectures
	
	RF ED
	Zero-IF ED
	IF ED

	Power consumption range
	<10uW
	300~600uW
	<1000uW
>Zero-IF ED

	NF
	High
	Medium
	Low

	Sensitivity/coverage
	[bookmark: OLE_LINK31]>-70dBm
	-96dBm~-102dBm
	>-110dBm

	cost/complexity
	[bookmark: OLE_LINK28]Low
	Medium
	High

	Interference suppression capability
	[bookmark: OLE_LINK26]Low
	[bookmark: OLE_LINK27]Medium
	High


For the data rate metric, it also depends on the SCS, waveform design, and the sensitivity/coverage also has an impact on the data rate. Therefore, this metric should be considered after the SCS, waveform and sensitivity/coverage are confirmed. Additionally, it also can be noted that 20dBm improvement in sensitivity corresponds to a 10x increase in power consumption is assumed.
[bookmark: OLE_LINK32]Proposal 5: IF ED and Zero-IF ED can be as main candidate architectures.
· Define the power consumption range, NF range, sensitivity range, data rate range for each architecture
· Analysis the complexity/cost and interference suppression capability for each architecture

Receiver architectures for FSK detection
· Detection with envelope detection
[bookmark: OLE_LINK71][bookmark: OLE_LINK90]Considering that higher data rate may not reach for OOK based LP-WUS waveform, other waveforms, such as FSK based LP-WUS waveform, which can support higher data rate could also be considered. Take 2FSK as an example, the transmission diagram is shown in Figure 1. For 2FSK, one bit can be carried by two different frequency carriers. In Figure 1, two different frequency carriers, f1 and f2, are allocated for 2FSK transmission. The input binary sequence is “1 1 0 1”, if the bit equals to 0 the S2FSK(t) is transmitted by carrier f0, if the bit equals to 1 the S2FSK(t) is transmitted by carrier f1. 
[image: ]
[bookmark: OLE_LINK61]Figure 1: Transmission diagram of 2FSK

[image: ]
[bookmark: OLE_LINK67]Figure 2: Reception architecture of 2FSK
[bookmark: OLE_LINK29][bookmark: OLE_LINK99][bookmark: OLE_LINK95][bookmark: OLE_LINK97]The corresponding reception architecture is shown in Figure 2. The key component of this receiver is the two BPFs which are used to filter the 2FSK signal generated on frequency f1 or f0. In general, no matter the signal S2FSK(t) is a RF signal or IF signal converted by IF Mixer or BB signal converted by BB Mixer, the detection performance can be guaranteed as long as the filtering frequency band of the two BPFs are properly selected. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK100][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK36][bookmark: OLE_LINK106][bookmark: OLE_LINK38][bookmark: OLE_LINK107]Considering frequency drift caused by lower power consumption LO (such as Ring Oscillator) will have impact on the actual frequency location of signal S2FSK(t), the filtering band for BPF is much larger. For example, if is the frequency offset caused by frequency drift of LO, the actual filtering frequency band requirement for BPF(f1) is at least 2*) and the actual filtering frequency band requirement for BPF(f0) is at least 2*) . Therefore, the total bandwidth requirement for 2FSK detection is at least 2*) +2*). Furthermore, it should ensure that spectrum aliasing is not generated between the 2*) and 2*); otherwise, 2FSK demodulation performance is affected.
Observation 4: For 2FSK with envelope detection, the total bandwidth requirement for 2FSK detection is at least 2*) +2*).
· is the frequency offset caused by frequency drift of LO
·  and  are the transmission frequency of 2FSK signal 
· Make sure the spectrum aliasing will not generate between the 2*) and 2*); otherwise, 2FSK demodulation performance is affected.

· Differential detection
[bookmark: OLE_LINK98]In RAN1 #110-e-Bis meeting a differential detection architecture for FSK is mentioned. The description is listed below.
	· The FM-AM detector can be implemented using a frequency discriminator, which converts frequency variations into amplitude changes. It can be implemented in either analog domain (as in Alt 1) or digital domain (as in Alt 2).
· One example, as shown in the figure below, is a conventional quadrature FM discriminator. It multiplies received frequency modulated signal with a phase shifted version, followed by a low pass filter. The amplitude of the output signal is proportional to the frequency of the input signal.
                    [image: Diagram
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[bookmark: OLE_LINK39]For this receiver architecture, some issues should be considered and for further study.
[bookmark: OLE_LINK73]Issue 1:
[bookmark: OLE_LINK109][bookmark: OLE_LINK108]In this receiver, LPF is used to filter out the multiplied frequency components. In this way, the multiplied frequency components cannot be scheduled to other LP-WUS. Therefore, the bandwidth requirement of this receiver should be carefully studied.
Issue 2:
[bookmark: OLE_LINK101][bookmark: OLE_LINK110]In order to have a good conversion from frequency to amplitude in this receiver, the shifted phase value of phase shifter circuit is restricted to a very accurate value. Considering that frequency offset caused by frequency drift of LO is variable, how to get the preferred shifted phase value should be carefully studied. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK15]Proposal 6: For differential detection architecture for FSK, the following issues should be further study
· Bandwidth requirement of FSK if this receiver is used;
· How to get a preferred shifted phase value;

Conclusions
In this contribution, we have discussed the receiver architectures for LP-WUS. The following observations and proposals are made.
Observation 1: Frequency offset caused by UE mobility may affect detection performance of RF envelope detection.
Observation 2: For heterodyne architecture with IF envelope detection, the frequency offset caused by UE mobility is much less than that of RF.
Observation 3: For homodyne/zero-IF architecture with baseband envelope detection, the frequency offset caused by UE mobility is the least in the three receiver architectures.
Observation 4: For 2FSK with envelope detection, the total bandwidth requirement for 2FSK detection is at least 2*) +2*).
· is the frequency offset caused by frequency drift of LO
·  and  are the transmission frequency of 2FSK signal 
· Make sure the spectrum aliasing will not generate between the 2*) and 2*); otherwise, 2FSK demodulation performance is affected.
[bookmark: OLE_LINK25]Proposal 1: whether the frequency draft during periodic monitoring is the same with that during always-on monitoring can be discussed.
Proposal 2: For the architecture with RF envelope detection, the following components should be considered:
· RF filter
· High-Q filter is needed
· Filtering order is not larger than 3
· Frequency carriers tuning is not supported
· Tuning within some operating bands which are close in frequency domain may be supported
· RF LNA
· RF ED
· BB AMP
· Multiple-bit ADC
· No larger than 4-bit ADC can be used as a baseline
· BB Filter
· Filtering order is not larger than 3
· Digital Baseband processing
· Correlator and corresponding storage device
Proposal 3: For heterodyne architecture with IF envelope detection, the following components should be considered:
· RF filter
· High-Q filter is needed
· Filtering order is not larger than 3
· Frequency carriers tuning is not supported
· Tuning within some operating bands which are close in frequency domain may be supported
· RF LNA
· Active Mixer
· LO
· Ring oscillator can be used as a baseline
· Whether PLL/FLL is added should be depended on the LP-WUS detection performance evaluation and power consumption evaluation  
· IF BPF
· High-Q filter is needed
· Filtering order is not larger than 3
· Channel selectivity can be supported
· IF ED
· IF AMP/BB AMP
· Depended on the LP-WUS detection performance evaluation
· Multiple-bit ADC
· No larger than 4-bit ADC can be used as a baseline
· BB Filter
· Filtering order is not larger than 3
· Image rejection filter
· Digital Baseband processing
· Correlator and corresponding storage device
Proposal 4: For homodyne/zero-IF architecture with baseband envelope detection, the following components should be considered:
· RF filter
· High-Q filter is needed
· Filtering order is not larger than 3
· Frequency carriers tuning is not supported
· Tuning within some operating bands which are close in frequency domain may be supported
· RF LNA
· Active Mixer
· LO
· Ring oscillator can be used as a baseline
· PLL/FLL is added 
· BB LPF
· High-Q filter is needed
· Filtering order is not larger than 3
· Channel selectivity can be supported
· BB ED
· BB AMP
· Depended on the LP-WUS detection performance evaluation
· Multiple-bit ADC
· No larger than 4-bit ADC can be used as a baseline
· Avoid DC offset and Flick Noise
· Digital Baseband processing
· Correlator and corresponding storage device
Proposal 5: IF ED and Zero-IF ED can be as main candidate architectures.
· Define the power consumption range, NF range, sensitivity range, data rate range for each architecture
· Analysis the complexity/cost and interference suppression capability for each architecture
Proposal 6: For differential detection architecture for FSK, the following issues should be further study
· Bandwidth requirement of FSK if this receiver is used;
· How to get a preferred shifted phase value;
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