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Introduction
In this contribution, we present our view on wake-up receiver architectures in RAN1 [1].  
Discussion
[bookmark: _Ref115159812]RF requirement for WUR 
Below we discuss different receiver requirements for WUR.
REFSENS
The UE REFSENS is defined by the following equation: 
REFSENS=kTB + SNR +10log10(RB number*SCS*12) +( NF+ IM) – Diversity gain
Where
-	kTB: Thermal noise level is [-174dBm(kT) + 10*log10(RX BW)] dBm.
-	NF: Noise figure. 
-	IM: 2.5 dB is assumed. 
-	Target SNR: 
-	Diversity gain: 3dB
REFSENS is directly related to the coverage so in the end it is related to WUR coverage question. In LS to RAN1 [4], a question regarding the WUR question is asked so RAN4 can wait the answer. Meanwhile, as WUR purpose is to save UE power and it is the coverage cell edge where the most power consumption could be consumed due to the fact that a weak signal to be received in the presence of the strong interference signals (in-band blocker, adjacent carrier, intermodulation interfere etc). We see benefit in power saving if the WUS coverage using WUR would be the same with the MR for coverage of a paging signal (PDCCH).
[bookmark: _Ref131188441]There could be further UE power saving benefit if the WUS coverage using a WUR could be same with the paging signal coverage of the main receiver.
Though the different NF could be reported by companies for different architectures, as the noise figure relating to the WUS coverage, it should be discussed also what should be network expectation in terms of noise figure performance of WUR. When the WUR is equipped together with Main receiver and is used by WUR to wake up the main receiver to receiver the paging via PDCCH, there could be further power saving benefit as discussed above if the WUS coverage should be the same with main receiver PDCCH coverage. This implies min received signal level of a PDCCH should be same with a min received WUS signal measured in one subcarrier as BS transmit both signal with similar PSD.  Assuming the REFSENS of a PDCCH channel for main receiver for 1 subcarrier is below:
REFSENS  for PDCCH  = -174dBm + NF of MR + 10*log(1 subcarrier) - Diversity gain of MR + SNR_PDCCH + IM
And the REFSENS for WUS for 1 1 subcarrier for WUR is:
REFSENS  for WUS  = -174dBm + NF of WUR + 10*log(1 subcarrier) - Diversity gain of WUR+ SNR_WUS + IM
Then we have 
NF of WUR = NF of MR – (Diversity gain of MR- Diversity gain of WUR)+ SNR_PDCCH- SNR_WUS
RAN1 has agreement of 1RX as baseline, so Diversity gain of WUR =0 dB for WUR receiver.  Assuming the NF is 9 dB and diversity gain of MR is 3 dB. The above equation means:
NF of WUR = NF of MR – (Diversity gain of MR- Diversity gain of WUR)+ SNR_PDCCH- SNR_WUS
= 6 + SNR_PDCCH- SNR_WUS
It can be observed that WUR noise figure has a relation to the main receiver noise figure and to meet the same coverage with main receiver, the WUR noise figure cannot be chosen freely.
[bookmark: _Ref131188454]The WUR noise figure has dependency to the main receiver noise figure if the WUR and MR coverage target the same.
 From above discussion, the REFSENS requirement cannot be decided until the WUR noise figure and WUS SNR target is known. The WUR noise figure also relate to the main reciver noise figure if the target of the WUS coverage using WUR should be the same with main receiver. 
[bookmark: _Ref131188467]REFSENS of WUR can be specified when WUS SNR target and coverage requirement is known.

Selectivity and blocking 
In WF[3] from last meeting, RAN4 agrees to continue to investigate on the RF requirement on WUR. The RF channel bandwidth is 1.4MHz and 5MHz as a starting point. 
Issue 2-3-2: Adjacent subcarrier impacts
Agreement: 
· 	Consider 1.4MHz and 5MHz WUS bandwidth for FR1 evaluation as the starting point
In legacy receiver requirement, the BW is key parameter to set the wanted signal level and offset to the interference signal for receiver selectivity, blocking, intermodulation requirements.  It seems straightforward to specify the similar requirements when WUR receiver RF bandwidth is 1.4MHz or 5MHz. However, the testing aspect needs to be considered. For legacy receiver test, the RRC_CONNECTED mode is setup when testing Rx requirement as the 95% throughput is tested as passing criteria. For LP-WUS, the UE is at RRC_IDLE to receive the WUS using WUR and then switched to the RRC_CONNECTED when main receiver wakes up. There is no uplink can be monitored until the main transceiver wakes up.  This is illustrated in Figure 1. 



[bookmark: _Ref130464054]Figure 1:WUR operating with MR/MT in TDM mode.
Also, as the LP-WUS signal or possible LP-SS signal is configured to the RB allocation which is part of the whole RB grid corresponding to the cell bandwidth, combined with the guard band discussion, it poses a question on whether guard band design impact the WUR filter design and thus the ACS requirement.
[bookmark: _Ref132038485]WUR ACS should be further discussed in the context of the guard band design and main receiver test requirement.
If the motivation is that WUR can tolerate the same high level interferer attacker as its main receiver, this could set a minimum performance of WUR. This also means that WUR will have the same interferer setting with its main receiver configured with the main receiver bandwidth. The wanted signal level of WUR still be set relating to its own RF bandwidth and thus REFSENS of LP-WUS signal together with adjusting factor to match the same ACS requirement. In the test, the WUS signal and paging signal could be sent in sequence and PRACH reception is one indicator that WUR decode the WUS signal correctly. WUS signal can be repeated several times to have a detection success rate. 
As one example on how the WUR selectivity requirement could be:
Table 7.5-3x: Test parameters for WUR for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz, case 1
	RX parameter
	Units
	Channel bandwidth (MHz)

	
	
	5, 10
	15 
	20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	Power in transmission bandwidth configuration
	dBm
	REFSENS5 + 14 dB + ∆_Ref

	Pinterferer4
	dBm
	REFSENS6 + 45.5 dB
	REFSENS6 + 42.5 dB
	
REFSENS6 + 39.5 – 10log10(BWChannel /20)


	BWinterferer
	MHz
	5

	Finterferer (offset)
	MHz
	BWChannel /2 + 2.5
/
-(BWChannel /2 + 2.5)

	NOTE 1:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.

NOTE 2:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.
NOTE 3:	The interferer consists of the NR interferer RMC specified in Annexes A.3.2.2 and A.3.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1.
NOTE 4:   10log10(x) is rounded to the next higher 0.5dB value.
NOTE 5: The REFSENS of LP-WUS signal.
NOTE 6:   The REFSENS of PDSCH specified in clause 7.3.2.



In the table above, the interferer level at adjacent channel is set the same ACS interferer level as the main receiver ACS requirement. For wanted signal level setting, as ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s), the filter attenuation/rejection requirement of WUR should not be higher than the main receiver. Considering the ACS interferer level is scaled with the wanted signal level (e.g wanted signal + ACS), when wanted signal is increased due to the bandwidth increasing, the ACS interferer will be increased with the same amount. As such the level of wanted signal of the WUR should be at least compensated by the receiver bandwidth difference between the main receiver and WUR. Therefore, the wanted signal is set to the WUS signal REFSENS with additional adjustment factor ∆_Ref.  This factor is to adjust the wanted signal level with the same with wanted signal of the main receiver and as such the ACS of the WUR is the same with ACS of main receiver. This is further illustrated in Figure 2 below, for inband blocking and out-of-band blocking, the similar approach could be used to set the wanted signal level for WUR.
The narrowband blocking it to test the receiver to reject the IM3 resulting from cross-modulation of the Tx leakage. As the WUR should operate without the presence of the Tx signal, so such requirement does not apply to WUR.
[bookmark: _Ref131188490]Narrow band blocking requirement does not apply to WUR.
Unlike the ACS, which is set according to the ratio of the filter attenuation, the in-band blocking is required a C/I ratio which decided by the interferer level and wanted signal level. For band n1, the REFSENS of NR 5MHz channel is -100 dBm, this means the C/I ratio of the 50 dB. Setting a higher C/I ratio than 50 dB may not be appropriate for WUR and thus to keep it in par with NR main receiver, the ∆_Ref adjustment is also needed for in-band blocking at second and third adjacent channel.


[bookmark: _Ref130464038]Figure 2:WUR selectivity and blocking requirement overview
[bookmark: _Ref132038494]Discuss the WUR ACS and inband blocking requirements in relation to the main receiver requirement
Envelop detector and ADC dynamic range
The envelop detection is used widely in different applications and one of the applications is the Amplitude Modulated (AM) signal demodulation. Thus, it may be useful to discuss the basic characteristic of the ED and how it could be possibly fit in to receiver architecture as the ED (Envelop detection) is widely used for several architectures in RAN1 LS.
The basic function of ED is illustrated in Figure 3. The diode is acting as the rectifier and only serve to pass the positive half cycle of the input RF signal and then charge the capacitor. On the negative half cycle, the diode reverse the biases, causing the voltage of capacitor to hold and yielding a DC output proportional to the input signal. The resistor provides a discharge path when input signal level decreases.  The DC output depends on the bias current of the diode and the voltage of the diode and this can be characterized as a squared-law relation between input signal voltage and diode output current. This can be illustrated by a transfer function of input signal level (Pin in dBm) to output voltage in voltage. For example, Figure 8 in [5] shows the ED dynamic range of Pin from – 30 dBm to + 15 dBm. Figure 2 in [6] shows a similar dynamic range of a surface mounted Schottky diode. This means the ED has a minimum Pin requirement to be operated correctly and thus when WUR is operated at REFENSE level, it at least should be matched to the low end of the dynamic range of ED.
[bookmark: _Ref131188512]The ED operated within a limited dynamic range and REFSENS level of WUR should at least match its low end of ED dynamic range.


[bookmark: _Ref130832603]Figure 3: Basic function of Envelop detection
The mathematically representation of the ED is a squared-law of input signal, and such operation makes a down-conversion from any high frequency input to the baseband. Assuming the wanted signal is amplitude modulated signal of bandwidth fm with a carrier frequency of f0 and a CW blocker signal at fI, the spectrum components of the output diode is illustrated in Figure 4 with the mathematical expressed equations in Annex. If the frequency distance between carrier frequency and blocker frequency is around the signal bandwidth fm, there is an inter-modulation product falling directly in the based band signal and this IM product will corrupt the baseband signal. This could be a case where blocker signal is an adjacent channel carrier. The higher spectrum component can be filtered with a LPF so should not be worried about. 


[bookmark: _Ref130910969]Figure 4: Spectrum of the diode output signal
[bookmark: _Ref131188523]The adjacent carrier interferer may corrupt the baseband signal by generating IM product when using a ED demodulator for ASK.
With the observations above, it can be seen that it is very important to have a signal without the strong blocker before ED and thus it is the task for the RF BPF in RF envelop detector architecture and the task of the IF/RF BPF in IF envelop detector to remove adjacent/inband blocker.  This seems not possible for RF envelop dector architecture as the RF BPF is the band filter and the passband of the filter will cover Ful_low to Ful_high of a band. This implies the RF envelp detector architecture may have issue with the ACS and in band blocking requirement. 
[bookmark: _Ref131188534]RF envelop detector architecture may have issue with ACS and inband blocking requirement for existing NR bands.
For IF envelop detector, which is heterodyne receiver, the IF BPF should attenuate the adjacent/in-band interferer good enough so that ED will not be corrupted by the “self-mixing” IM products. Here the design choice could be either “high IF” or “low IF”, this relates to high Q IF filter for the channel selection and reject other in-band blocker. In the evelop detector architecture, the IF BPF will do channel selection and thus high Q filter may be needed. 
Another issue is the clock stability, as the ED can be applied to the non-coherent receiver, so a LO synchronized to BS is not needed. However, if the LO is not synchronized to the transmitter, the IF frequency will not be certain and with the LO frequency drift away the IF frequency will also be drifting and as such there could be a case where adjacent interferer/inband blocker could show up in the IF BPF passband. This should be avoided as once it happens there is no attenuation on the adjacent/inband blocker and thus “self-mixing” IM product will corrupt the baseband signal. 
The phase noise also plays an important role in IF ED architecture, as the interferer and the phase noise of LO at the IF frequency distance away will be mixed down to IF, therefore, the phase noise needs to be kept low.
[bookmark: _Ref131188675]High Q IF BPF filter is needed in IF ED architecture
[bookmark: _Ref131188688]Not synchronized LO to BS pose a risk to degrade the IF ED performance
[bookmark: _Ref131188776]A good phase noise LO is needed to reject the “self-mixing” IM product in IF architecture.

The ADC interfacing to the ED in RF ED and IF ED architecture has different performance requirement as in zero/low-IF architecture in RAN1 LS. As the ED exhibits an exponential characteristic between input power level and output voltage level, there may be a need a multiple-bit ADC to cover the whole range of the ED output with good resolution. For example, if the ED operating in a range of input power between -25 dBm to 15 dBm and it is recommended a 12-bit ADC with a full scale voltage of 5 v [7] to have 1 dB resolution.  It also depend on the ED type, if the ED is a Logarithmic detector, the required ADC bit could be lowed to 8-bits [7]. 
[bookmark: _Ref131188784]The # of ADC bits required interfacing after the ED relates to the type of the ED also the resolution requirement of the WUR.
For the ADC used in zero IF/low IF architecture, the number of bits calculation will be similar with the legacy NR receiver which relates the RF signal dynamic range calculation. If the ADC is allowed to contribute 0.5 dB to the receiver's NF, the ADC added noise will be 10 dB below the other noise sources of the receiver. With 5MHz bandwidth, the input-referred noise power with a 9 dB NF is about –98 dBm at room temperature, so the ADC noise, referred to the antenna, must be less than -108 dBm. The maximum signal power at the antenna is –25 dBm and the peak-to-average ratio (PAR) used in this calculation is 3 dB.  
Allowing 3 dB margin for the large signal and the ADC's antenna-referred full scale will be –22 dBm. The ADC's dynamic range could be 89 dB (effective number of bits, ENOB = 14.5 bits = (SNR – 1.76)/6.02 dB) for the 5 MHz bandwidth without utilizing any AGC. When AGC is used, the dynamic range can be reduced, for example, if the SNR is 10 dB, the REFSENS could be -88 dBm and thus AGC could handle -25- (-88) = 63 dB and leave 26 dB for the ADC dynamic range, which is corresponding to 4 bits EBOB.
[bookmark: _Ref131188831]For Zero-IF/low IF architecture, the ADC bit may be up to 15 bits,
[bookmark: _Ref131188898]For Zero-IF/low IF architecture, the ADC bit may be reduced to 4 bits when AGC is used. 





Figure 5: ADC dynamic range without AGC
Coherent vs non-coherent receiver
There is no mentioned requirement in RAN LS about the coherent or noncoherent receiving. For the non-coherent receiving it is possible for OOK as only amplitude of the received signal matters. However, there is no channel estimation and as such the distortion of received signal will be reflected in a degraded SNR compared with coherent receiving. As SNR impact the REFSENS and so the coherent receiving could also bring a benefit at a cost of both in-phase (I)  and quadrature Q branch of the received signal.  For the case of the evaluation of the WUR architecture, such aspects needs to be discussed also as it relating to the expectation of the SNR decoding threshold and also the carrier recovery circuits design.
[bookmark: _Ref131188948]Coherent or non-coherent receiver is an import aspect of the receiver design
As the repetition is widely used in coverage enhancement feature so it will be good to discuss whether WUR could also support this.  The coherent receiver will be needed to be capable to combine the repeated signals in time domain. The reason is that if the phase of the LO is not controlled, combining the different repetition signal will not result in a gain (e.g the first signal is sin wave with 0 phase but the second repeated signal experience a 180 degree phase shift of LO, the signal will cancel out). This may bring coverage benefit when WUR coverage may suffer from the high noise figure. 
[bookmark: _Ref132038507]Study further on WUR architecture which could support WUS repetition 

WUR guard band
In WF [3], the WUS location and the guard band to the WUS signal is FFS.  
Issue 2-3-3: WUS location within the carrier
Agreements:
· [bookmark: _Hlk128682967]Study whether LP-WUS could be flexible located within the carrier
· FFS whether WUS can be located in a band separate from the UE’s NR band
Issue 2-3-4: Guard band for WUS
Agreements:
· [bookmark: _Hlk128684379]Guard band between LP-WUS and NR signals could be studied 
· Details and definition of guard band for LP-WUS need further study
· Guard band design would be depending on WUR filter parameters, WUS CBW, SNR/SINR 
· FFS Whether the guard band is recommended to RAN1  

The guard band is not clearly defined and thus companies have different views on it. On top of that, the RF filter bandwidth  





[bookmark: _Ref131149946]Figure 6: Guard band definition variants (a, b and c)
The guard band definitions could be illustrated in Figure 6 and listed below:
· Variant a: guard band within a WUR RB location and within WUR RF bandwidth: between edge of the WUS RB to the edge of the WUR RB location
· Variant b: guard band outside a WUR RB location and across the WUR RF bandwidth: between the edge of the WUR RB location to the edge of the nearest edge of eMBB RB
· Variant c: guard band outside the WUR RB location and within WUR RF bandwidth: between the edge of WUR RB location to the edge of the WUR RF bandwidth
The WUR RB location is within the cell RB grid and within the WUR RF bandwidth and should be the same as the transmission bandwidth configuration defined in Figure 5.3.1-1 in TS 38.101-1. Though WUR only receiving, the same definition should be applied to ease the discussion. 
[bookmark: _Ref131188958]WUR RB location can use the same transmission bandwidth configuration in Figure 5.3.1-1 in TS 38.101-1
For variant a, simulation in [8] shows that the guard band needed is depending to the WUR filter parameters (filter order and bandwidth), BW ratio between the filter BW and WUS BW, and the tolerable SNR loss. The simulation is conditioned on the no interferer outside the WUR RF bandwidth and no RF impairment modelled in simulation. 
For variant b, as this is similar with in-band NB-IoT operation, and there is no guard band defined for NB-IoT, so there is no need to define a guard band for WUR.  However, as discussed earlier, as any interferer that is close to the WUS signal will be “self-mixing” down to the baseband and generate the interference when ED is used (RF/IF ED architecture), the guard band could help to reduce such interference and improve the SNR of WUS signal. Another aspect is that tolerance to the clock drift for a non-coherent receiver, the frequency drift of LO clock will make the down converted IF signal drift and if the drifted IF signal still within the IF BPF so a guard band would be good to have to tolerate such drift. However, such guard band will be minimum when cell bandwidth is the same with WUR RF bandwidth (e.g 5MHz) and clock drift tolerate is minimum too. In the ACS or in-band blocking test, allowing the clock drift could make the blocker slip into the IF frequency and fail the test. 
For variant c, this is basically a question of the transmission bandwidth configuration issue. And it is most relevant to the case where the cell bandwidth is the same with WUR RF bandwidth (e.g 5MHz). There is an advantage if the N_RB for NR 5MHz for SCS= 15kHz is reduced so that filter design could be relaxed. However, it also impact the total RBs that WUS can be used to generate the OOK/FSK signal and thus it could further discussed to which extend the N_RB can be reduced further. Another aspect is that the raster point configuration. WUR should have capability to configure the same channel raster as the main receiver so the receiver test would be possible. 
[bookmark: _Ref131189022]Guard band in variant a, b and c are needed the amount of it can be FFS.
[bookmark: _Ref131189046]WUR need to be capable of configuring the same raster point with main receiver.
Comparison of different architecture from RAN1
We compare the different architectures provided by RAN1 LS and evaluate these architectures based on the expected functionality support.
General observation is that when 1 bit ADC is used and it seems this assumes the demodulation has done by using comparators. However, there seems more questions relating this, e.g how to handle the dynamic range of the detected signal with proper detection threshold.  At the same time, when 1-bit ADC used, there is no assumption for the RRM functionality as it seems there is no way to know the signal level for the baseband.
[bookmark: _Ref131189056]1-bit ADC only apply when there is a comparator between ED and ADC and no RRM function involved.

Table 1: Evaluate the RF architecture based on the expected WUR functionality
	Architecture In annex From RAN1 LS [1]
	Synchronization
	Configured to specific raster point and BW
	RF requirement compliance
	Coherent or non-coherent receiver

	RF envelop detector
	NO
(without PLL circuitry)
	Difficult (without mixer and PLL circuitry)
	Difficult, “self-mixing” issue
	non-coherent receiver 

	IF envelop detector
	YES
(assume LO represent a PLL circuitry)
	YES
	May need high Q filter to avoid  “self-mixing” issue
	non-coherent receiver / coherent receiver 

	BB envelop detector
	YES
	YES
	YES 
	non-coherent receiver / coherent receiver

	RF AM detector
	NO
(without PLL circuitry)
	Difficult
(without mixer and PLL circuitry)
	Difficult, “self-mixing” issue
	non-coherent receiver

	RF FM-AM detector
	NO
(without PLL circuitry)
	Difficult
(without mixer and PLL circuitry)
	Difficult, “self-mixing” issue
	non-coherent receiver 

	BB FM-AM detector
	YES
	YES
	YES
	non-coherent receiver




In the RAN1 LS WUR architecture, it can be observed that some of architectures have LNA after the RF BPF but some does not. It is apparent that without LNA, it could save more power but on the other hand, removing the LNA will result in the high noise figure with a worse sensitivity which brings the imbalance cell coverage compared to the main receiver. Therefore, we propose to add switches between the LNA and Mixer and RF BPF for another WUR architecture. In this way, when the received signal level is high, the LNA will not be needed and LNA can be switched off in Rx line-up.  When signal is weak the LNA can be switched in Rx line-up and provides low noise figure thus better sensitivity. This is illustrated in Figure 7.



[bookmark: _Ref131157705]Figure 7: WUR architecture with switch
[bookmark: _Ref131189067]Consider the above WUR architecture as another WUR architecture candidate.

Conclusions
In this contribution, we present our view on the evaluation of low-power wake-up receiver architectures from expected functionality view and with below observations and proposals:
Observation 1 There could be further UE power saving benefit if the WUS coverage using a WUR could be same with the paging signal coverage of the main receiver.
Observation 2 The WUR noise figure has dependency to the main receiver noise figure if the WUR and MR coverage target the same.
Observation 3 REFSENS of WUR can be specified when WUS SNR target and coverage requirement is known.
Observation 4 Narrow band blocking requirement does not apply to WUR.
Observation 5 The ED operated within a limited dynamic range and REFSENS level of WUR should at least match its low end of ED dynamic range.
Observation 6 REFSENS of WUR can be specified when WUS SNR target and coverage requirement is known.
Observation 7 RF envelop detector architecture may have issue with ACS and inband blocking requirement for existing NR bands.
Observation 8 High Q IF BPF filter is needed in IF ED architecture
Observation 9 Not synchronized LO to BS pose a risk to degrade the IF ED performance
Observation 10A good phase noise LO is needed to reject the “self-mixing” IM product in IF architecture.
Observation 11 The # of ADC bits required interfacing after the ED relates to the type of the ED also the resolution requirement of the WUR.
Observation 12 For Zero-IF/low IF architecture, the ADC bit may be up to 15 bits,
Observation 13 For Zero-IF/low IF architecture, the ADC bit may be reduced to 4 bits when AGC is used.
Observation 14 Coherent or non-coherent receiver is an import aspect of the receiver design
Observation 15 WUR RB location can use the same transmission bandwidth configuration in Figure 5.3.1-1 in TS 38.101-1
Proposal-1:WUR ACS should be further discussed in the context of the guard band design and main receiver test requirement.
Proposal-2:Discuss the WUR ACS and inband blocking requirements in relation to the main receiver requirement
Proposal-3:Study further on WUR architecture which could support WUS repetition.
Proposal-4: Guard band in variant a, b and c are needed the amount of it can be FFS.
Proposal-5: WUR need to be capable of configuring the same raster point with main receiver.
Observation 16 1-bit ADC only apply when there is a comparator between ED and ADC and no RRM function involved.
Proposal-6: Consider the above WUR architecture as another WUR architecture candidate.
References
[1] R1- 2212999, LS to RAN4 on low-power wake-up receiver architectures
[2] RP-222644, Revised SID: Study on low-power Wake-up Signal and Receiver for NR, Vivo
[3] R4-2303711, WF on LP-WUS UE RF, Vivo
[4] R4-2303712, Reply LS to RAN1 on LP-WUR architectures, Vivo
[5] https://www.analog.com/media/en/technical-documentation/data-sheets/ADL6010.pdf
[6] https://www.skyworksinc.com/-/media/SkyWorks/Documents/Products/201-300/Surface_Mount_Schottky_Diodes_200041AG.pdf
[7] https://www.analog.com/en/technical-articles/integrated-diode-based-rf-detectors.html
[8] R4-2302428, LS reply on low-power wake-up receiver architectures, Ericsson







Annex1 (RAN1 LS WUR architecture)
In [1], several WUR architectures are presented and for discussion purpose, the three architecture is listed below signal:
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Figure 1: Architecture 1 (RF envelop detector)
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Figure 2: Architecture 2 (IF envelop detector)
[image: A picture containing text, clock, device

Description automatically generated]
Figure 3: Architecture 3 (BB envelop detector)
The architecture for FSK is listed below:
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Figure 4: Architecture 4 (RF AM detector)

[image: ]

Figure 5: Architecture 5 (RF FM-AM)
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Figure 6: Architecture 6 (BB FM-AM)
Annex 2 (Envelop detector with signal and blocker) 
Suppose the input wanted signal is amplitude modulate signal:

The blocker signal is CW signal

The output of the diode using the square law function:
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