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Introduction
In this contribution, we present our view on LS question in RAN1 based on agreed WF  [1].  
Discussion
[bookmark: _Ref115159812]In RAN1 LS, the questions below are raised below:
· 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



[Q1] The reasonable assumption on adjacent channel selectivity (ACS) for the study and the impact on the LP WUR architectures and signal design

ACS is the receiver ability to receive the wanted signal in the presence of the adjacent channel interference signal, without causing the throughput being degraded by maximum 5% compared to the maximum throughput of a defined reference measurement channel. Current ACS is defined as 33 dB for 5MHz and 10MHz channel and relaxed for 15MHz and above. In our companion paper, we propose the ACS requirement for WUR should be the same with the legacy requirement and propose the WUR should be tested with the main receiver requirement setting. Considering there is also a guard band design discussion which relates to the main receiver configuration, we think there is thus an opportunity to relax the WUR filter rejection requirement and therefore, the ACS requirement should be further discussed in the context of the guard band discussion.  
[bookmark: _Ref131965170]ACS requirement should be further discussed in the context of the guard band.
[Q2] 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

In WF[2], it is agreed to study the guard RB according to below :
Issue 1-1-2: Target ACS value for LP-WUR receiver
Agreement:
· The methodology for guard RB is that at first conclude the relationship between guard RB and adjacent channel selectivity.
· WUR ACS should be further discussed in the context of the guard RB design and main receiver test requirement. 
Issue 1-1-3: Required number of guard RBs for LP-WUS ACS
Agreement: 
· Companies provide the analyzed results with the RF impairment assumptions. RAN4 target to make decision on required number of guard RBs next meeting.
· RF impairments and power cost impacts can be claimed by companies used in the analysis
· For each RF impairment could be reported for different RF architecture
· Companies are encouraged to provide the text proposals for RAN4 RF architecture evaluation.
Issue 1-2-1: ASCS evaluation
Agreements:
· RAN4 should define a detailed description for ASCS metric for evaluation purpose, i.e., similar to ACS, for 5MHz WUS, the ACSC BWinterference is set as 5MHz, for both ~5MHz and ~1.4MHz WUS cases, as a starting point. 
Issue 1-2-3: Guard RBs for LP-WUS ASCS 
Agreement:
· The methodology for adjacent sub-carrier selectivity is that at first conclude the relationship between guard RB and adjacent sub-carrier selectivity.
· WUR ASCS should be further discussed in the context of the guard RB design
· Assume the same PSD with WUS signal 
· Power boosting evaluation for BS is not precluded
· FFF whether ASCS evaluation should consider two different cases, e.g. high SNR and Low SNR 

To study the impact on the SNR performance of the above issues, the LLS simulation is performed. The simulation parameters are listed in Table 1 below. 
Table 1: LLS parameters
	Parameters 
	Value

	Carrier frequency 
	2.6 GHz

	Channel 
	TDL-C

	SCS
	30 kHz

	Delay spread 
	300 ns

	UE speed
	3 km/h

	UE Rx antennas 
	1 for WUR

	WUR sampling rate 
	10 Msps

	WUS bandwidth
	For OOK WUS: 
· 5 MHz (for 30 kHz SCS: 12 PRBs+ ~ 1 PRB guard band each side of WUS)

	Number of ADC bits
	8

	Receiver filter
	3rd order Butterworth, filter BW is the same as WUS BW

	Non-WUS transmissions
	Adjacent channel interference from other NR transmissions is considered. 

	Max. false alarm due to noise or random symbols
	0.1%

	Frequency offset (ppm)
	For OOK WUS: 
· 50 ppm maximum frequency error

	Rx approach
	Payload based: based on Manchester decoding.

	RF impairments
	· Phase noise profile in [3]

	
	Phase noise (dBc/Hz)

	Offset
	NF 9 dB 
	NF 12 dB 
	NF 15 dB

	@5MHz
	-99.4
	-99.4
	-99.4

	@10MHz
	-108.1
	-105
	-102.1

	@15MHz
	-120
	-117
	-114








The Figure 1 illustrates the link performance for the different phase profile, the larger frequency offset between WUS and ACS interfere helps to link performance. It can be observed that for SNR@10% BLER the SNR gain is 2 dB when increasing the offset between WUS to ACS interferer from 5MHz to 10MHz for NF of 15 dB. For SNR@1% which is the same with PDCCH, the 5MHz offset result in error floor. The SNR gain is even higher for smaller NF (12 dB or 9 dB). The trend is similar for 1bit OOK and multi-bit OOK, though the SNR gain is more for multi OOK bit case than for single OOK bit per case.  The simulation does not take account the leakage power from ACS interferer. As for the reciprocal mixing, this is the impairment when a high-power level interferer signal present and filter attenuation does not help when the phase noise of the LO is mixed with interferer into the wanted signal bandwidth.
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Figure 1: Link performance when ACS interferer is present.

[bookmark: _Ref142670049]Higher frequency offset is preferred (> 5MHz) between the WUS and ACS interfere as this improves the link performance.

For ASCS, the scenario illustrated in Figure 2  is simulated and results is shown in Figure 3. It can be observed that 1st order filter performs worst while and even with adding 6 RB, the link performance only slightly improves., This means that guard RB does not considerably help if filter order is so low in WUR implementation. For higher then 2nd and 3nd order, the needed Gard RB is not obvious. In simulated link performance vs # RB for 3nd order filter in Figure 3, the SNR improvement for 2 RB is 0.2 dB.

[bookmark: _Ref142670055]If the filter order is higher than and equal to 2, smaller guard RB (1 to 2 RB) is sufficient between adjacent subcarrier of eMBB signal and a WUS signal. 
[bookmark: _Ref142670067]It the filter order is too low, the guard RB does not help to improve the ASCS selectivity.



[bookmark: _Ref142473789]Figure 2: ASCS simulation configuration with guard RB within WUS signal
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Figure 3: Link performance for ASCS selectivity with different filter order

Conclusions
In this contribution, we present our view on the LS question on low-power wake-up receiver architectures with below observations and proposals:
Proposal-1:ACS requirement should be further discussed in the context of the guard band.
Observation 1 Higher frequency offset is preferred (> 5MHz) between the WUS and ACS interfere as this improves the link performance.
Observation 2 If the filter order is higher than and equal to 2, smaller guard RB (1 to 2 RB) is sufficient between adjacent subcarrier of eMBB signal and a WUS signal.
Observation 3 It the filter order is too low, the guard RB does not help to improve the ASCS selectivity.
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