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Introduction
A new Rel-18 SID on low-power Wake-up Signal and Receiver for NR was approved in RAN#94e [1]. According to the SI objectives, there are some aspects to be studied and evaluated in RAN4. 
· 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] 
The latest progress and agreements as well as the issues identified by RAN1 have been sent to RAN4 in an LS, in which the main issues are copied as below [2]:
	RAN1 kindly asks RAN4 to take RAN1 agreements into account, study at least the LP WUR architectures that RAN1 identifies and provide feedback, potentially considering the aspects including but not limited to:
· The reasonable assumption on adjacent channel selectivity (ACS) for the study and the impact on the LP WUR architectures and signal design
· The impact of adjacent subcarrier interference suppression/rejection on the LP WUR architectures if LP WUS is multiplexed with other signals/channels in frequency, including e.g. 
· The necessity of guard band (if needed, the minimum guard band) between LP WUS subcarriers and adjacent subcarriers
· Whether it is feasible to have LP WUS location flexible within the carrier
· The feasible noise figure(s) for each type of LP WUR architectures
· Impact, if any, LP-WUS transmission on existing gNB emissions/compliance requirements
· The potential RF impairments to be considered include e.g. timing error, frequency error, image impact, LO leakage (DC offset) and flicker (1/f) noise
· Whether certain LP WUR architectures can support multi-band capability
· Note: RAN1 may or may not identify further architecture(s) for the study.


This contribution provides preliminary analysis for the identified issues by RAN1 and some initial consideration from RAN4 perspective.
Discussion
Consideration on UE architectures
UE architectures under evaluation
According to RAN1 agreement, three kinds of UE architectures are considered for LP-WUR with envelope detector in the RAN1 led SI. Which are shown in Figure 1~3. 
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Figure 1: Architecture with RF envelope detection
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 2: Heterodyne architecture with IF envelope detection
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Figure 3: Homodyne/zero-IF architecture with baseband envelope detection
There are some discussions in RAN1 on the performance metrics for LP-WUR, a summary in [3] is cited below as a rough reference though some parameters in the table may not be the common understanding among companies in RAN1.
Table 1: Performance metrics for the receiver architectures [3]
	
	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



Assumptions which have impact to RAN4 study
There are some assumptions which have significant impact on RAN4 study. Before we dive deep into the analysis and evaluation, these issues should be clarified by RAN1 firstly.
The first one is the target of coverage for LP-WUS. Whether it should be close to the regular NR coverage as much as possible? Coverage target is the deterministic factor for choice of REFSENS of LP-WUR, and consequently the choice of viable receiver architecture.
[bookmark: OLE_LINK1]The second one is the power consumption target. What’s the most likely acceptable power consumption for LP-WUR? Should it be in dozens of μW or hundreds of mW level? Apparently, the decision of power consumption target will have impact on the choice of LP-WUR UE architecture. Some power-hungry components, e.g. accurate LO/PLL, amplifiers to guarantee the Rx gain hence the receiver is capable of receiving lower enough signal, multi-bit ADC, baseband processing, are relevant to the performance of LP-WUS signal, which in turn is coupled with the coverage target. 
[bookmark: OLE_LINK4]Observation 1: Coverage and power consumption targets are the fundamental assumptions for RAN4 study of LP-WUR, which should be clarified by RAN1 as soon as possible.
In addition, as it can be seen in the SID, LP-WUS/WUR is targeted to IoT and wearable devices.
· 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
However, given the current discussion in RAN1, it seems some companies also want to extend the devices to eMBB type, in other words, normal handheld UE may also be included. The capability and performance of different UE types are considered separately in RAN4 for previous studies. For example, CBW as a basic assumption is quite limited for reduced capability UE. It would be helpful to have some clarification or decision by RAN1 on whether limited UE types are focused for the SI.
Observation 2: Device types to be studied in RAN4 also have impact on the following evolution. Clarification by RAN1 is also necessary.
Impact on BS side
Co-existence of WUS and NR waveform
Waveforms of LP-WUS, OOK or FSK, or existing OFDMA-based signals/channels have not been decided by RAN1. However, based on RAN1 study, both OOK and FSK modulated WUS signal could be designed as OFDM-based waveforms and are compatible with the existing NR signals [4][5]. For same numerology, i.e. the same SCS with NR signal, orthogonality of sub-carriers could be guaranteed. 
In case of different numerologies, co-existence of LP-WUS and NR signals should be considered, as guard band is expected for the non-orthogonal sub-carries between LP-WUS and NR signals. Similar discussion also occurred for Rel-15 NR as well as the co-existence of NB-IoT and NR. In our view, for in-band NB-IoT scenario, the co-existence issue is quite similar to the LP-WUS case. 
Coexistence between NB-IoT and NR as a specific issue has been studied in Rel-16 under the WI of Additional enhancements for NB-IoT, and the study outcomes were recorded in the RAN4 TR [6]. Regarding guard band for mixed numerologies, the conclusion is:
As NR could support several numerologies, e.g. 15KHz, 30KHz and 60KHz in FR1 which might be different from NB-IoT numerologies (15KHz SCS in downlink and 15KHz/3.75KHz SCS in the uplink), there might exist mixed numerology configuration which would result in interference between NR subcarrier and NB-IoT subcarrier when NB-IoT carrier is deployed within NR carrier. In general, guard band between different numerology should be reserved for performance protection, however this should be up to the BS implementation. Similar as the mixed numerology in NR scenarios, no requirement is defined for mixed numerology between NR and NB-IoT.
The same conclusion is also applicable for mixed numerology between LP-WUS and NR signals, i.e. guard band is necessary from performance perspective, especially for high order modulation scheme adopted for NR signal which is adjacent to the LP-WUS signal, but the size of guard band is up to BS implementation. The previous agreement that no requirement defined for mixed numerology is still valid. 
[bookmark: OLE_LINK7]Observation 3: Guard-band for mixed numerology is needed for performance protection, but no requirement is defined for such scenario in RAN4.
Proposal 1: Guard band for mixed numerology of LP-WUS and NR signals could be reserved from performance perspective, but it is left as BS implementation issue. No specific size of guard band for mixed numerology will be recommended by RAN4. 
Power enhancement of LP-WUS signal
Power consumption is an important metric for LP-WUR design, hence the REFSENS for LP-WUR is foreseen that not as good as normal NR receiver. For CP-OFDM based waveform, LP-WUS can be considered as in-band operation which is similar to NB-IoT co-existed with NR. If output power of LP-WUS would be boosted for the in-band operation, it would be helpful to counter the worse REFSENS due to LP-WUR for a better coverage. 
As a reference, NB-IoT power boosting could be a starting point for study of LP-WUS dynamic range for the in-band operation scenario. Noted that the range of power boosting for NB-IoT is different for different NB-IoT RB frequency positions, that should also be considered during the study of LP-WUS when power enhancement is one potential direction to be considered. 
NB-IoT RB power dynamic range for NB-IoT operation in NR in-band scenario can be found in TS 38.104 clause 6.3. The table below listed the requirement of NB-IoT RB power dynamic range for some channel BWs.
During the study for NB-IoT, 1 RB NB-IoT inside the CBW is a typical case. How many RBs could be supported for LP-WUS is pending on RAN1 discussion, which will have impact on the feasibility study for the LP-WUS in-band operation scenario.
Table 6.3.4.2-1: NB-IoT RB power dynamic range for NB-IoT operation in NR in-band [7]
	BS channel bandwidth (MHz)
	NB-IoT RB frequency position
	NB-IoT RB power dynamic range (dB)

	5, 10
	Any
	+6

	15
	Within center 77*180kHz+15kHz at each edge
	+6

	
	Other
	+3

	20
	Within center 102*180kHz+15kHz at each edge
	+6

	
	Other
	+3


Proposal 2: It is proposed to study the feasibility of power boosting of LP-WUS in-band operation. However, the study relies on the inputs on RAN1 progress of LP-WUS waveform. 
LP-WUS in-band operation
[bookmark: OLE_LINK8]For LP-WUS in-band operation, as the WUS signal is imbedded with the normal NR signal in the same channel bandwidth, no matter where the positions of WUS signal is allocated in the carrier, the same spectrum related Tx requirements should be complied with since the same RF module is supposed to support LP-WUS and NR in-band operation. Which means the legacy BS without effort to update the hardware should be assumed to be capable of supporting LP-WUS transmission in conjunction with normal NR operation. The case should be similar to that for NB-IoT when it co-exists with NR signal for the in-band operation. 
Proposal 3: Supporting LP-WUS in-band operation shall have no impact on the existing NR spectrum related Tx requirements. 
Impact on UE side
Requirements impact
The discussion in this section is to give a preliminary overview of possible affected requirements for LP-WUR.
REFSENS
REFSENS is a main affected requirement for LP-WUR, which has close relationship with the coverage target for LP-WUS/WUR. Though there are no clear inputs from RAN1, we can still analyze the possibly affected requirements with some assumptions from RAN4 perspective.
If no diversity is considered, the REFSENS is calculated by the equation as below:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM
in which, Rx BW depends on RAN1 inputs, which is the available RB allocations for the LP-WUS signal, while NF is closely related to the selected WUR architecture.
For a normal NR UE, if self-interference from Tx side is negligible, the typical NF is 9dB, while SNR is -1dB together with 2.5dB implementation margin assumed by RAN4. Assuming Rx CBW is 5MHz, then the REFSENS according to the above equation is -97dBm/5MHz for 15kHz SCS.
Regarding SNR and IM (implementation margin), they are both RF and baseband demodulation relevant. Specifically, to determine the SNR for demodulation of LP-WUS, LO accuracy, ADC resolution both would have impact on SNR, and it should be derived by link level simulation. LO accuracy and ADC resolution will be discussed in section 2.3.2.1 and 2.3.2.2 respectively, since they are just the intermediate parameters to determine the affected RF requirements.
For LP-WUR, it is expected that the NF is much worse than normal NR UE, and SNR depends on link level simulation based on more inputs from RAN1. Though the REFSENS of LP-WUS may not be as good as normal NR UE, if the targeted coverage is close to normal NR UE, the supposed sensitivity level of LP-WUS should not be degraded for dozens of dB. 
Here we assume -90dBm/5MHz REFSENS for LP-WUS as an example for the following preliminary analysis for ACS and image rejection, which is 7dB worse compared to the normal NR UE. Noted that it is assumed for convenience of the discussion and is not the final REFSENS, which should be further studied with more inputs and alignment with RAN1.
Proposal 4: It is proposed to study the possible REFSENS for LP-WUS with clarification on the coverage target from RAN1.
Adjacent channel selectivity
Adjacent channel selectivity (ACS) is a measure of a receiver's ability to receive an NR signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. 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 said receiver filter usually is the baseband channel filter. 
Table below lists conditions for case 1 of ACS requirement for NR bands <2700MHz and ACS is 33dB for 5, 10MHz CBW. We can use it roughly estimate the required ACS for LP-WUR for an assumed REFSENS. 
Table 7.5-3: Test parameters for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz, case 1 [8]
	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
	REFSENS + 14 dB

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


	BWinterferer
	MHz
	5


Let’s assume the sensitivity with interfering of LP-WUS is 7dB worse than a normal NR UE, and the CBW is 5MHz (how many RBs occupied by LP-WUS is pending on RAN1 discussion). The interference signal can still be in the level of existing one in the spec as the interfering signal is unchanged, which is coming from the adjacent NR signal. 
According to above table, 
Pinterferer =REFSENS Normal_UE + 45.5dB = -51.5dBm/5MHz
REFSENS LP-WUR = -90dBm/5MHz
Sensitivity with interfering = -83dBm/5MHz
Noise ACS interfering + Noise floor <= Noise Sensitivity with interfering
Assuming NF is 15dB for LP-WUR, SNR is still -1dB (not likely be the final value), then Noise ACS interfering is about -84dBm/MHz. To suppress the Pinterferer to the noise with ACS interfering, the ACS is about 30dB, i.e. similar value as that in the current spec for normal NR UE, and that is the implementation demanding for baseband filter. The worse sensitivity level with ACS interfering for LP-WUS, the less required ACS value for the digital filer implementation could be. 
It is noted that the value is closely related to the assumptions. To comply with such rejection request, the power consumption as well as the BB implementation complexity should be evaluated as well, which in our view is not fully estimated in the RAN1 study yet. 
Proposal 5: It is proposed to study the possible sensitivity level of ACS for LP-WUS with clarification with some basic assumptions. Also inform RAN1 that the power consumption for implementation of digital filter should be evaluated.
DC offset and image rejection
DC offset or carrier leakage is one of the disadvantages to be considered for Zero-IF receiver, which is the typical UE architecture for normal NR UE. In general, DC offset can be compensated with calibration algorithm together with the circuit implementation. There is no specific Rx requirement for DC offset, however, it is expected that relaxing the compensation capability could be helpful to reduce the Rx power consumption. To which extent such relaxation would have impact to the demodulation performance for LP-WUS signal depends on the link level simulation. 
Unlike DC offset, image rejection as one prominent disadvantage for heterodyne receiver architecture actually is reflected in the spurious response requirement in the specification. Spurious response includes not only image interference, but also other possible interfering products, e.g. mixer 2x2 spurious response, aliasing mapped to Nyquist frequency for ADC sampling, etc. Using the interferer level defined for spurious response, we can roughly estimate the image impact for an IF based receiver. 
Spurious response could be mitigated by proper selection of IF frequency, ADC sampling rate, high 2x2 rejection capable mixer as well as the RF band filter rejection. 
The spurious response requirement is copied below for reference.
Table 7.7-1: Spurious response parameters for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz [8]
	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 configuration2
	dBm
	REFSENS + 6 dB
	REFSENS +
7 dB
	REFSENS + (9 + 10log10(BWChannel /20)) dB 

	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:  10log10(x) is rounded to the next higher 0.5dB value.



Table 7.7-2: Spurious response [8]
	
Parameter
	Unit
	Level

	PInterferer (CW)
	dBm
	-44

	FInterferer
	MHz
	Spurious response frequencies



Assume the CBW is 5MHz, thus the sensitivity level for spurious response is REFSENS + 6dB. In analysis of ACS, the assumed sensitivity level is -83dBm/5MHz, where the degradation is considered as 7dB. Then to reach the similar level, the RF filter needs to provide ~40dB rejection for the image interferer. The position of image signal relies on the choice of the IF frequency. The lower the IF frequency, the more difficult for the filter to provide enough rejection for the image interferer. Figure below shows the frequency response for a commercially available filter for band n7. It can be seen that the rejection capabilities for low end and high end frequencies are imbalanced, which depends on the design targets and the protection request for the adjacent frequency bands. With special design, the SAW filter could provide more than 40dB rejection beyond 40MHz frequency offset, but it may not provide enough rejection at both sides. Therefore, the image rejection for IF based receiver can only be analysed case by case. 
[image: ]
Figure 6: Frequency response for a 2.6GHz filter
Observation 4: Image rejection for IF based LP-WUR can only be analyzed case by case. With proper IF frequency selection as well as the RF filter rejection, it looks like the REFSENS degradation for spurious response could be maintained in an acceptable level in a general sense. However, accurate estimation should be done case by case.
Proposal 6: It is proposed to study the image rejection issue case by case for different operating bands. And it would be better to have some inputs from RAN1 on the possible deployment scenario and potential operating bands.
Implementation analysis
The discussion in this section is to focus on some main factors which have impact on the selection on the LP-WUR architectures as well as to serve deriving the corresponding requirements discussed in section 2.3.1.
Noise figure
As seen in the equation to derive the REFSENS, noise figure is the dominating factor for the sensitivity level of the wanted signal, which will have huge impact on the coverage range. There is no conclusion in RAN1 for the supposed coverage range, whether it should be similar to that of normal NR UE or it could be a smaller one inside the NR coverage range are not clear. From our side, we prefer to have a better coverage for LP-WUS, which means noise figure as a metric, it could be used to down select the LP-WUR architectures. 
A lot of analysis has been done in RAN1. The common understanding is that architecture with RF envelope detection has the worst sensitivity partly due to the large NF. We think that this kind of architecture could be ruled out from the RAN4 evaluation. 
For the other two kinds of architectures, we should keep the coverage target in mind. In the current specification, the largest NF we used for some NR FDD bands is 12dB. Considering the NF for normal Wi-Fi implementation, around 15dB NF could be considered as a starting point for the following evaluation for LP-WUR.
Observation 5: Architecture with RF envelope detection has the worst sensitivity due to large NF, which may not be suitable for further evaluation in RAN4’s study.
Proposal 7: It is proposed to rule out the architecture with RF envelope detection from the RAN4 study.
Frequency error
Frequency error is a Tx requirement defined as the mean value within ± 0.1 PPM for UE modulated carrier frequency compared to that received from the NR Node B for a normal NR UE. Though there is no such requirement for Rx side, similar value could also be assumed for frequency stability of Rx LO.
From performance perspective, the value is determined by the UE moving speed, i.e. Doppler shift, and the demodulation capability, while from the implementation perspective, the value is determined by the frequency stability of the crystal oscillator, which is a tradeoff of the performance and cost. 
For normal NR UE, if the assumed center frequency is 3.5GHz, for slow moving UE (30km/h, seems the typical scenario for UE supporting LP-WUS), the frequency off of Doppler shift is 194Hz. Usually the demodulation capability is about half a sub-carrier of 15kHz SCS. In this case, Doppler effect is negligible, then the frequency error is mainly determined by the LO implementation capability. For LP-WUR, power consumption is the most important factor to be considered. The more relaxed frequency error requirement, the lower power consumption of LO is expected.  
We use OOK as an example to evaluate the frequency error impact on demodulation performance for LP-WUS. The RF center frequency is 3GHz, and SCS for LP-WUS is 30kHz. For both LP-WUS and NR waveform, 4 RB resource allocation is considered for the adjacent signal to each other. 
[image: ]
Figure 4: ACI case for frequency error evaluation
Compared to NR, it is noticed that Wi-Fi has quite relaxed frequency error requirement, i.e. 20ppm. The same relaxed value is also considered for LP-WUS.
[image: ]
Figure 5: Performance evaluation of frequency error for OOK
Figure 5 shows the performance evaluation of frequency error for OOK. It can be seen that even with 150kHz frequency error, the performance degradation for demodulation of OOK is still not very large. In other words, low power consumed LO could be used for OOK LP-WUR, as the required frequency error is quite relaxed compared to normal NR UE.
Observation 6: Relaxed frequency error may still guarantee the demodulation performance for LP-WUS, which depends on the required performance and tradeoff with the power consumption.
Proposal 8: It is proposed to consider frequency error as one of the affecting factors in the SNR evaluation.
ADC resolution
It is understood that 1-bit ADC has lower power consumption compared to higher resolution ADC, however, the bit width of ADC determines the dynamic range of the receiver and the demodulation performance. The selected implementation is for the purpose of certain design targets, namely the balance between the performance requirement and the power consumption. 
The cited figure below shows the performance evaluation for different ADC bits [9]. 
[bookmark: OLE_LINK13]   [image: ][image: ]
Figure 6: Detection performance of low-power WUR with different ADC resolution: 1, 2, 4, 8 [9]
Clearly it can be seen that the required SNRs to demodulate LP-WUS are quite different for different ADC bits. As discussed in section 2.3.1.1, SNR is important to determine the REFSENS, which is worth to be further evaluated.
In addition, less ADC bits means smaller dynamic range for the receiver. If the wanted signal is much smaller in contrast to adjacent interferers, it may not be possible to demodulate the LP-WUS signal with a limited dynamic range receiver. 
Observation 7: Number of ADC bits has big impact on the required SNR, which in turn will have impact on the REFSENS requirement for LP-WUS and the capability to receive the smaller wanted LP-WUS with large adjacent interfering signals.
Proposal 9: It is proposed to consider ADC resolution as one of the affecting factors in the SNR evaluation.
Multi-band supporting
Multi-band supporting is widely considered for UE implementation, regardless of the UE types. To support multi-band operation, multiple RF band filters are necessary to reject the out-of-band interference. in some cases sharp rejection needs to be considered for the filter implementation. The other aspect is how to connect the available antennas for the multi-band filters as well as the Rx chain(s). For all three architectures, RF band filter could be considered as illustrated in Figures in section 2.1.1. 
It is well known that both heterodyne and ZIF architectures are popular for BS/UE design, which means these two architectures have no difficulty to support multi-band operation from implementation perspective. While for RF envelop architecture, though RF filter could provide some rejection to out-of-band interference, it is hard for the envelop detector to distinguish the interference and LP-WUS signal especially when the interferer is much larger than the wanted signal or there are closely adjacent bands in operation. Consequently, poor performance is anticipated for RF envelop architecture to support multi-band operation. Therefore, if multi-band supporting is needed for the SI, both heterodyne and ZIF architectures could be considered rather than the RF envelop architecture. 
Proposal 10: It is proposed to only consider heterodyne and ZIF architectures in case multi-band capability needs to be supported for LP-WUR.
SNR evaluation
All above analysis eventually converge to an important factor, i.e. SNR, for the LP-WUR. Usually, SNR is determined by link level simulation with commonly agreed parameters. However, the waveform, possible UE architectures, coverage and power consumption targets are not yet determined or converged even in RAN1. Without some basic assumptions to evaluate SNR, it would be difficult for RAN4 to make further progress. Here we listed some assumed parameters and cases for SNR evaluation, which could be discussed and updated during the Feb meeting. 
For main radio, the SNR evaluation is performed against PDSCH [10][11], hence 95% throughput of data channel is used as test metric, while for LP-WUS, the test metric should be similar to that of PDCCH, therefore, 1% BLER is adopted for LP-WUS SNR evaluation.
Table 2: Simulation assumptions for SNR evaluation
	Parameters
	Assumptions
	Note

	Modulation
	OOK/FSK/existing OFDMA signals(channels)
	pending on RAN1 progress

	Bandwidth
	4RB
	

	Data rate 
	14 kbps/28 kbps/56 kbps/84kbps
	

	TB size
	48 bit
	

	Manchester code
	½ 
	optional, depends on modulation

	SCS
	15 kHz, 30 kHz
	depends on operating bands

	Channel model
	AWGN
	

	Antenna configuration
	1x1
	

	Test metric
	1% BLER
	similar to PDCCH

	ACI
	4 RB adjacent signal with 16QAM modulation
	optional, for frequency error evaluation

	Guard band
	12SC on both sides
	optional, for frequency error evaluation

	IF Filter
	Butterworth 5th order
Passband width = 1.44 MHz
	optional, for frequency error evaluation

	Frequency offset
	0/15kHz/60kHz/150kHz
	optional, for frequency error evaluation

	ADC bits
	2, 4
	


Proposal 11: It is proposed to agree on the above simulation assumptions.
Clarification issues to RAN1
To have more efficient study on LP-WUS/WUR in RAN4, some issues which have impact to RAN4 evaluation should be clarified by RAN1.
· What’s the power consumption target for LP-WUR, which level could be considered in RAN4?
· What’s the coverage target for LP-WUS? Could it be in the similar range as normal NR UE?
· What are the finally possible waveforms for LP-WUS? Whether all possible waveforms are CP-OFDM compatible?
· What are the possible UE types considered for LP-WUS? 
· What’s the max supported CBW for the SI?
· What’s the max occupied RB number for LP-WUS? Is it fixed or flexible?
· What are the possible supported SCS for LP-WUS?
· Whether in-band power boosting of LP-WUS should be considered from RAN1 perspective?
· What are the possible operating bands for LP-WUS/WUR? All FR1 bands could be considered or any example bands for specific deployment scenarios? Whether FR2 is considered for LP-WUS/WUR?

Proposal 12: It is proposed to send reply LS to RAN1 with some clarification issues.
Conclusion
This contribution provides preliminary consideration and analysis for LP-WUS/WUR. 
Observation 1: Coverage and power consumption targets are the fundamental assumptions for RAN4 study of LP-WUR, which should be clarified by RAN1 as soon as possible.
Observation 2: Device types to be studied in RAN4 also have impact on the following evolution. Clarification by RAN1 is also necessary.
Observation 3: Guard-band for mixed numerology is needed for performance protection, but no requirement is defined for such scenario in RAN4.
Observation 4: Image rejection for IF based LP-WUR can only be analyzed case by case. With proper IF frequency selection as well as the RF filter rejection, it looks like the REFSENS degradation for spurious response could be maintained in an acceptable level in a general sense. However, accurate estimation should be done case by case.
Observation 5: Architecture with RF envelope detection has the worst sensitivity due to large NF, which may not be suitable for further evaluation in RAN4’s study.
Observation 6: More relaxed frequency error can still guarantee the demodulation performance for LP-WUS.
Observation 7: Number of ADC bits has big impact on the required SNR, which in turn will have impact on the REFSENS requirement for LP-WUS and the capability to receive the smaller wanted LP-WUS with large adjacent interfering signals.

Proposal 1: Guard band for mixed numerology of LP-WUS and NR signals could be reserved from performance perspective, but it is left as BS implementation issue. No specific size of guard band for mixed numerology will be recommended by RAN4. 
Proposal 2: It is proposed to study the feasibility of power boosting of LP-WUS in-band operation. However, the study relies on the inputs on RAN1 progress of LP-WUS waveform. 
Proposal 3: Supporting LP-WUS in-band operation shall have no impact on the existing NR spectrum related Tx requirements. 
Proposal 4: It is proposed to study the possible REFSENS for LP-WUS with clarification on the coverage target from RAN1.
Proposal 5: It is proposed to study the possible sensitivity level of ACS for LP-WUS with clarification with some basic assumptions. Also inform RAN1 that the power consumption for implementation of digital filter should be evaluated.
Proposal 6: It is proposed to study the image rejection issue case by case for different operating bands. And it would be better to have some inputs from RAN1 on the possible deployment scenario and potential operating bands.
Proposal 7: It is proposed to rule out the architecture with RF envelope detection from the RAN4 study.
Proposal 8: It is proposed to consider frequency error as one of the affecting factors in the SNR evaluation.
Proposal 9: It is proposed to consider ADC resolution as one of the affecting factors in the SNR evaluation.
Proposal 10: It is proposed to only consider heterodyne and ZIF architectures in case multi-band capability needs to be supported for LP-WUR.
Proposal 11: It is proposed to agree on the preliminary SNR simulation assumptions.
Proposal 12: It is proposed to send reply LS to RAN1 with some clarification issues.

According to the issues raised by RAN1 and consideration from RAN4 perspective, though we may not give clear answer for all the issues in RAN1 LS, at least some of them and issues to be clarified should be replied to RAN1. A draft reply LS is prepared in [12], and more content could be included in the reply LS to RAN1, which depends on the discussion during the meeting. 
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