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Introduction
[bookmark: _Hlk66110521]In RAN1#112b-e, discussions focused on LP-WUS receiver aspects such as power consumption, coverage, FR1 frequency, in-band power boosting, signal generation, and subcarrier spacing. Further research is needed on carrier locations, TDD/FDD applicability, band differences, and BWP association.
This contribution provides views on OOK-based LPWUR and OFDMA-based LPWUR for measurement. It also explains how and why to combine these two receivers, including power consumption models and noise figure values.

Architectures for OOK
The homodyne/zero-IF architecture is attractive for low complexity, as it does not require I/Q branches for digital baseband processing. However, phase noise caused by multi-path channels and frequency errors negatively impacts the performance of homodyne receivers when they use in-phase signal demodulation to detect OOK waveforms. This problem leads to losing a significant part of the transmitted signal, as the in-phase signal gets converted into a quadrature component.
To address the challenges, implementing I/Q branches in the homodyne/zero-IF architecture can prove beneficial. They can improve the system's robustness and enhance its ability to handle multi-path channels and frequency errors, which are typically caused by low-accuracy local oscillators (LO) and the absence of phase-locked loops (PLL).
One concern when implementing I/Q branches is the possible increase in power consumption. However, it has been suggested that the power consumption of adding I/Q branches to a zero-IF architecture can be comparable to FSK receivers, with estimates ranging from 0.05, 0.1, and 0.5, respectively. It is important to note that implementing the I/Q branch should not be precluded in the TR to restrict LP-WUR implementations. 
Table 1: Comparison of Homodyne/Zero-IF Architecture: Without I/Q Branches vs. With I/Q Branches
	Aspect
	Without I/Q Branches
	With I/Q Branches

	Complexity
	Low
	Slightly higher

	Impact of Multi-path Channels
	More susceptible
	More robust

	Frequency Error Handling
	Limited ability to handle errors
	Better error handling

	Impact of Phase Noise
	Significantly affected
	Enhanced resilience

	Power Consumption
	Lower
	Potential increase, yet comparable

	Robustness Against LO and PLL Issues
	Less robust
	More fortified

	Recommendation in TR
	Should not be restricted
	Should not be restricted



Table 2: Parameters for a Homodyne/Zero-IF OOK Architecture
	Feature
	Specification

	WUS waveform
	OOK

	LP WUR architecture type
	homodyne/zero-IF

	Relative power consumption (ON)
	0.1

	Relative power consumption (OFF)
	0.001

	Noise figure
	12 dB

	WUS bandwidth (including guard band)
	5 MHz

	Guard band for WUS
	720 kHz

	Frequency location within a carrier
	Flexible

	Presence of RF LNA, and the corresponding gain, if any
	No RF LNA

	Local oscillator, PLL/FLL, time/frequency impairments
	Ring oscillator with FLL locked to RTC, providing 200 ppm accuracy

	Presence of IF/BB AMP, and the corresponding gain, if any
	No IF/BB AMP

	ADC sampling rate
	3.84 MHz

	ADC bit-width
	4 bits

	RF/IF/BB filter characteristics
	Butterworth filter, -3dB cutoff at 2.5 MHz

	Baseband processing
	Correlation Detector, Manchester Decoder

	Frequency band(s)
	Assumed Band 7 (2600 MHz)

	Support of band/carrier tuning
	Yes

	Adjacent channel interference rejection capability
	-16 dB avoidance


	Adjacent subcarrier interference rejection capability
	-3 dB avoidance

	Handling of inter-cell interference
	No inter-cell interference handling

	Duty cycle handling of WUS and other signals (if any)
	Assumed duty cycle adjustment

	Mobility support function, e.g., measurement capability
	No mobility support

	Other (e.g., AGC, …)
	Assumed AGC



[bookmark: _Toc134824806]Capture the following observation in TR38.869: 
For the homodyne/zero-IF architecture with baseband envelope detection for OOK,
· The relative power consumption of the receiver is approximately [0.1~1] according to companies’ estimates.
· The matching network and RF BPF for LP WUR may reuse those of the main radio.
· A low power RF LNA may be used to improve the sensitivity, or the RF LNA in the MR may be used.
· A BB BPF is typically used for adjacent channel interference or adjacent subcarrier interference.
· A local oscillator with low accuracy (e.g., 20~200ppm), the max frequency error, and frequency drift value is typically assumed.
· The ADC sampling rate (e.g., at least 4 bits ADC) depends on the LP-WUS bandwidth and/or chip data rate.
· A mixer with I/Q branches can be considered to enhance the system's resilience to multi-path channels and frequency errors.

Architectures for OFDMA-based signals
A simple OFDMA-based LPWUR can include no I/Q branches, no FFT, a 200 ppm LO, and an ADC with a 3.84MHz and 4-bit resolution. This receiver can be used to detect the real part of the PSS signal for synchronization and measurement.
One concern is the added computational complexity when the 200 ppm LO is used for synchronization. Before synchronization is established, the receiver must perform a blind search with a wide range of CFO hypotheses. This leads to additional power consumption. However, if sequence candidates can be generated by the main radio and be pre-stored without online computing, the relative power values can be 10, 20, or 30.
Once synchronization is achieved with timing error within half of CP and a 2ppm residual frequency error, the accuracy will be sufficient to demodulate OFDMA-based LPWUS indication. Maintaining this synchronization accuracy, it can be achieved using a simple PLL/FLL circuit and periodic synchronization without adding significant energy.
[bookmark: _Toc134824807]Capture the following observation in TR38.869: 
If the OFDMA-based receiver can pre-stored the sequence candidates for frequency synchronization, the following observations have been identified to potentially reduce the power consumption of the receiver architecture for OFDMA-based signals:
· Use a lower accuracy LO (e.g., initial frequency error 200ppm), which increases initial synchronization processing complexity.
· Adopt smaller sampling rates and bit-widths for the ADC (e.g., 4-bit and 3.84MHz)
· If sequence correlation is done in the time domain, remove FFT.
· Sequence candidates for sequence correlation can be generated by the main radio to reduce additional processing complexity.

Combined LPWUR
[image: A picture containing text, diagram, screenshot, line
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[bookmark: _Ref134640062]Figure 1: Combining OOK-based and OFDMA-based LPWUR.
The combination of OOK-based and OFDMA-based LPWUR, supporting periodic PSS and SSS detection with a duty cycle operation and aperiodic OOK payload demodulation, is illustrated in Figure 2.
The combined receiver uses a Zero-IF architecture with I/Q branches. A mixer driven by a low accuracy LO, such as 200 ppm, is shared for the OOK detector and the OFDMA detector. The relaxed LO prevents the OFDMA detector from monitoring OFDMA-based LPWUS but can maintain coarse timing and frequency synchronization. Additional features, such as RRM measurement and intercell interference handling, can be possible if the serving cell ID can be detected by monitoring PSS and SSS. The OOK detector requires timing estimates obtained from the OFDMA detector. The timing estimate is used to find the monitoring occasion, maintain a duty cycle, and use it for Manchester decoding. The frequency estimate can be used to perform coherent combining for multiple LPWUS.
Regarding power consumption, the OOK detector has low power consumption, but the OFDMA detector may dominate the main power consumption. However, OFDMA detection can be performed less often due to less demanding synchronization and RRM requirements in RRC IDLE and RRC INACTIVE. When not needed, digital band processing and RF circuits related to the OFDM detector can be powered off to save energy.
Concerning hardware complexity, compared to single-branch OOK Zero-IF, the additional hardware could be the Q-branch and digital processing for PSS/SSS sequence detection. However, it is not necessary; it is possible to use a single-branch OOK Zero-IF to decode the real part of the existing NR PSS for timing synchronization. The final complexity depends on the performance and power consumption trade-off, which can be up to UE implementation to further reduce complexity.
For power efficiency, the combined receiver consumes additional power to handle the OFDMA signal compared to the OOK receiver. From a power efficiency perspective, using nearly three times the energy to monitor OOK-based LPWUS (e.g., relative power 0.1 for the OOK detector to relative power 0.27 for the combined receiver) is less efficient. However, the difference between 0.1 and 0.27 in absolute power value is not significant. It is possible to implement it with less than 1mW power consumption. Additionally, the OFDM detector can provide timing information to support a duty cycle for OOK monitoring, which further saves energy for OOK detection.
For network spectrum efficiency, the combined receiver reuses the existing PSS and SSS broadcasted in the serving cell. This prevents introducing new common signals that potentially provide the same information as PSS and SSS. Especially if the new common signal is based on a low-spectrum efficiency waveform such as OOK and FSK, the cost of resources to carry the same information as PSS and SSS would be significant. Reusing PSS and SSS by the combined receiver has an obvious advantage in network spectrum efficiency.
For RRM offloading, if the combined receiver can detect PSS and SSS, it can identify the cell ID to ensure the current measurement is valid for the serving cell. Otherwise, the combined receiver can detect PSS and rely on the OOK detector to provide additional information to identify the cell ID to prevent complicated SSS monitoring. It is essential to note that if the neighboring cell is in the intra-frequency band and supported by the LPWUR, it is possible to measure the neighboring cell quality as well. However, it may not be feasible to perform the full function of cell reselection as the main radio does.
For the synchronization concern, the OOK detector only needs timing information to perform Manchester decoding and find monitoring occasions given a duty cycle. Since the timing requirement is not tight given a low data rate (e.g., one OOK duration is 16.66us at 56kbps on 30kHz SCS), using OOK-based synchronization and PSS and SSS may have negligible differences in performance assuming the same ADC resolution and LO accuracy.

Table 3: Combined OOK and OFDMA LPWUR Receiver Using Zero-IF Architecture and Duty Cycle Operation
	Feature
	Specification
	Description

	Waveform
	OOK
	OOK-based LPWUR for payload demodulation

	Architecture
	Zero-IF / OFDMA
	Combination of OOK-based LPWUR and OFDMA-based LPWUR with duty cycle operation

	Power On
	0.27
	Relative power consumption

	Noise Figure
	12 dB
	Receiver noise figure

	ADC
	4-bit / 3.84 MHz
	ADC resolution and sampling rate

	Local Oscillator
	200 ppm (initial),
[0-10] ppm (sync)
	Frequency error of oscillator/PLL before and after synchronization

	DBB Processing
	Detect PSS/SSS,
Demod OOK,
Duty cycle
	Digital baseband processing includes detection of PSS/SSS, OOK demodulation, and duty cycle operation



Table 4: Addressing Concerns with Combined OOK-based and OFDMA-based LPWUR Receiver Solutions
	Concern
	Combined Receiver Solution

	Power Consumption
	Powers off OFDMA detector when not needed, conserving energy

	Hardware Complexity
	Uses low accuracy LO for timing synchronization, reducing complexity

	Power Efficiency
	Supports duty cycle with OFDM detector, improving efficiency despite additional power for OFDMA signal

	Network Spectrum Efficiency
	Reuses existing PSS and SSS, avoiding the need for new common signals with lower spectrum efficiency

	RRM Offloading
	Detects PSS and SSS to identify the cell ID, enabling valid serving cell measurements and potential neighboring cell measurement in intra-frequency

	Synchronization
	Offers comparable performance to the 32-bit OOK-based preamble, assuming the same ADC resolution and LO accuracy



Table 5: OOK-based, OFDMA-based, and Combined LPWUR Comparison
	Aspect
	OOK-based LPWUR
	OFDMA-based LPWUR
	Combined LPWUR (OOK+OFDMA)

	Architecture
	OOK-based
	OFDMA-based
	Combines OOK-based and OFDMA-based with Zero-IF architecture and duty cycle operation

	Primary Use
	LPWUS monitoring
	LPWUS monitoring and RRM offloading
	LPWUS monitoring and RRM offloading

	Power Consumption
	Low power consumption
	Higher power consumption
	Saves energy by powering off OFDMA detector when not needed

	Hardware Complexity
	Less complex
	More complex
	Relaxed LO, ADC and shared I/Q branches for OFDMA-based LPWUR

	Network Spectrum Efficiency
	Low spectrum efficiency
	High spectrum efficiency
	Reuses existing PSS and SSS, preventing the need for new common signals

	RRM Offloading
	Requires new common signal
	Reuses PSS and SSS
	Reuses PSS and SSS

	Synchronization
	Requires new common signal
	Reuses PSS and SSS
	Reuses PSS and SSS for OOK monitoring



Table 6: Parameters for a Combined LPWUR Architecture
	Feature
	Specification

	WUS waveform
	OOK & OFDMA (PSS and SSS)

	LP WUR architecture type
	Homodyne/zero-IF with a mixer with IQ branches

	Relative power consumption (ON)
	0.27

	Relative power consumption (OFF)
	0.001

	Noise figure
	12 dB

	WUS bandwidth (including guard band)
	5 MHz

	Guard band for WUS
	720 kHz

	Frequency location within a carrier
	Flexible

	Presence of RF LNA, and the corresponding gain, if any
	No RF LNA

	Local oscillator, PLL/FLL, time/frequency impairments
	Ring oscillator with FLL locked to RTC, providing 200 ppm accuracy

	Presence of IF/BB AMP, and the corresponding gain, if any
	No IF/BB AMP

	ADC sampling rate
	3.84 MHz

	ADC bit-width
	4 bits

	RF/IF/BB filter characteristics
	Butterworth filter, -3dB cutoff at 2.5 MHz

	Baseband processing
	Correlation Detector, Manchester Decoder

	Frequency band(s)
	Assumed Band 7 (2600 MHz)

	Support of band/carrier tuning
	Yes

	Adjacent channel interference rejection capability
	-16 dB avoidance


	Adjacent subcarrier interference rejection capability
	-3 dB avoidance

	Handling of inter-cell interference
	Iner-cell interference handling via cell detection

	Duty cycle handling of WUS and other signals (if any)
	Assumed duty cycle adjustment

	Mobility support function, e.g., measurement capability
	Mobility support

	Other (e.g., AGC, …)
	Assumed AGC



[bookmark: _Toc134824808]Study the combined receiver architectures (as examples that can be captured in the TR) for OOK-based LPWUS monitoring and SSB-based RRM measurement based on the following diagrams:
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Conclusion
In this contribution, we have the following proposals.
Proposal 1	Capture the following observation in TR38.869:
For the homodyne/zero-IF architecture with baseband envelope detection for OOK,
· The relative power consumption of the receiver is approximately [0.1~1] according to companies’ estimates.
· The matching network and RF BPF for LP WUR may reuse those of the main radio.
· A low power RF LNA may be used to improve the sensitivity, or the RF LNA in the MR may be used.
· A BB BPF is typically used for adjacent channel interference or adjacent subcarrier interference.
· A local oscillator with low accuracy (e.g., 20~200ppm), the max frequency error, and frequency drift value is typically assumed.
· The ADC sampling rate (e.g., at least 4 bits ADC) depends on the LP-WUS bandwidth and/or chip data rate.
· A mixer with I/Q branches can be considered to enhance the system's resilience to multi-path channels and frequency errors.

Proposal 2	Capture the following observation in TR38.869:
If the OFDMA-based receiver can pre-stored the sequence candidates for frequency synchronization, the following observations have been identified to potentially reduce the power consumption of the receiver architecture for OFDMA-based signals:
· Use a lower accuracy LO (e.g., initial frequency error 200ppm), which increases initial synchronization processing complexity.
· Adopt smaller sampling rates and bit-widths for the ADC (e.g., 4-bit and 3.84MHz)
· If sequence correlation is done in the time domain, remove FFT.
· Sequence candidates for sequence correlation can be generated by the main radio to reduce additional processing complexity.

Proposal 3	Study the combined receiver architectures (as examples that can be captured in the TR) for OOK-based LPWUS monitoring and SSB-based RRM measurement based on the following diagrams:
[image: A picture containing text, diagram, screenshot, line
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Appendix 
RAN1#112b-e agreements
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design”:
· Yes, IoT/wearables/smartphone UE types are all considered for LP-WUR design, according to the following agreement made in RAN1#112:
	Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.


 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Whether FR1 is considered as first priority frequency range”:
· Yes, FR1 is considered as first priority frequency range in RAN1, and it is still FFS whether FR2 should be included in the scope of the SI.
 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Whether in-band power boosting of LP-WUS is considered from RAN1 perspective”:
· RAN1 is considering as part of evaluation, the in-band power boosting of LP-WUS. As the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following for the modelling of adjacent subcarrier interference. RAN1 would appreciate feedback from RAN4, if any, on the power boosting assumptions made in RAN1.
	Adjacent subcarrier interference
	· PDSCH mapped on resources other than that for WUS and guard band; 
EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional


 
Agreement in RAN1#112b-e
OOK-2 can be received using the agreed receiver architectures for OOK with parallel envelope detection.
 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Power consumption, coverage and SNR targets”:
· RAN1 has not reached any agreements on LP-WUR power consumption targets. RAN1 is still studying it.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that 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.
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	 
	 


FFS: whether further categorization/sub-categorization is needed and how.


· RAN1 has not reached any agreements on the coverage and SNR targets for LP-WUR. RAN1 is still studying these aspects.
· For evaluation of the coverage of LP-WUS, RAN1 has agreed to use MIL as the metric, with more details in the following agreement.
	Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded.
FFS: Target coverage of LP-WUS


 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”:
· For the bandwidth of LP-WUS, RAN1 has agreed on the following:
	Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI


· RAN1 has not discussed the RF bandwidth of 1.4MHz for LP-WUS, and has not reached any conclusion on the maximum occupied RB number in 5MHz RF bandwidth case for LP-WUS. As the starting point for link-level simulations of LP-WUS, RAN1 has agreed on the following for LP-WUS bandwidth, the guard band and the filter.
	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS

	Filter 
	X-th Order filter (e.g. Butterworth, Chebyshev, …) with Y MHz bandwidth,
· X = {3, 5}
· Companies to report Y
Companies to report any other assumptions if needed


 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Possible supported SCS for LP-WUS, if applicable”:
· RAN1 has reached the following agreement on SCS:
	Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 


· In addition, as the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following assumptions for LP-WUS:
	Configuration for LP-WUS signal
	For OOK/FSK waveform,
· Option 1a: M=1 and SCSs = 15kHz (same as NR signal)
· Option 1b: M=1 and SCSs = 30kHz (same as NR signal)
· Option 2a: M =2/4/8 for SCS = 15KHz (same as NR signal)
· Option 2b: M =2/4/8 for SCS = 30 kHz (same as NR signal)
· Option 3: M=1 and SCSs = 60kHz/120kHz/240kHz
· Note: M is referred to the definition of “M” in the agreements for OOK-1/2/3/4 and FSK-1/2
For OFDM: FFS, e.g., ZC sequence
Other options are up to companies to report


 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has reached the following agreement, and the case where WUS is located in a band separate from the UE’s NR band is to be further studied from RAN1 perspective.
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Whether LP-WUS is applicable for TDD / FDD (with full duplex operation)
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)


 
Agreement in RAN1#112b-e
Proposed observation 4-4r2: (FSK with frequency to amplitude conversion)
The FSK architectures with frequency to amplitude conversion is applicable to single-SC FSK, but it may be challenging to make the frequency to amplitude conversion work well with multi-subcarrier FSK.
· Note: single-SC FSK refers to the waveform where each frequency segment has a single subcarrier, and multi-subcarrier FSK refers to the waveform where each frequency segment has multiple subcarriers, as described in the agreements for FSK-1 and FSK-2.
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3GPP TSG RAN WG1 #113   R1 - 2305653   Incheon, Korea, May 22nd  –   May 26th, 2023       Source:    MediaTek Inc.   Title:    Low power WUS receiver architectures   Agenda item:   9. 1 1 . 2   Document for:   Discussion   1   Introduction   In RAN1#112b - e,  discussions focused on LP - WUS receiver aspects such as power consumption, coverage, FR1  frequency, in - band power boosting, signal generation, and subcarrier spacing. Further research is needed on carrier  locations, TDD/FDD applicability, band differences,  and BWP association.   This contribution provides views on OOK - based LPWUR and OFDMA - based LPWUR   for measurement . It also explains  how and why to combine these two receivers , including   power consumption models and noise figure values .     2   Architectures for OOK   The homodyne/zero - IF architecture is attractive for low   complexity, as it does not require I/Q branches for digital  baseband processing.  However, phase noise caused by multi - path channels and frequency errors negatively impacts  the pe rformance of homodyne receivers when they use in - phase signal demodulation to detect OOK waveforms.  This problem leads to losing a significant part of the transmitted signal, as the in - phase signal gets converted into a  quadrature component.   To address the   challenges,  implementing  I/Q branch es   in the homodyne/zero - IF architecture can prove beneficial.  They   can improve the system's robustness and enhance its ability to handle multi - path channels and frequency  errors, which are typically caused by low - accurac y local oscillators (LO) and the absence of phase - locked loops (PLL).   One concern when implementing I/Q branches is the possible increase in power consumption. However, it has been  suggested that the power consumption of adding I/Q branches to a zero - IF ar chitecture can be comparable to FSK  receivers, with estimates ranging from 0.05, 0.1, and 0.5, respectively.   It is important to note that  implementing   the  I/Q branch should not be  precluded   in the TR to restrict LP - WUR implementations.    Table  1 :  Comparison of Homodyne/Zero - IF Architecture: Without I/Q Branches vs. With I/Q Branches  

Aspect  Without I/Q Branches  With I/Q Branches  

Complexity  Low  Slightly higher  

Impact of Multi - path Channels  More susceptible  More  robust  

Frequency Error Handling  Limited ability to handle errors  Better error handling  

Impact of Phase Noise  Significantly affected  Enhanced resilience  

Power Consumption  Lower  Potential increase, yet comparable  

Robustness Against LO and PLL Issues  Less   robust  More fortified  

Recommendation in TR  Should not be restricted  Should not be restricted  

  Table  2 :  Parameters for a Homodyne/Zero - IF OOK Architecture  

