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Introduction
In this contribution, we present our view on LS question in RAN1 [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 our companion paper, we present different guard band design and also propose that such guard band may be needed for different reason. However, the size of the guard band may relate to different factors, and we think there is a need to discuss these factors first and set the guard band later. In this regard, we propose RAN4 should focus on the factors impacting the guard band in different cases in this meeting and leave the further size of guard band discussion in future meetings.
[bookmark: _Ref131965179]RAN4 discuss the factors impacting the guard band size design.
[Q3] The feasible noise figure(s) for each type of LP WUR architectures
In our companion paper, the relation of the WUR noise figure and main receiver noise figure is derived if the WUR coverage is expected the same with main receiver:
NF of WUR =  6 + SNR_PDCCH- SNR_WUS
As RAN4 sent a LS to RAN1 asking the coverage aspect, we propose to wait till response from RAN1 on this.
[bookmark: _Ref131965186]Wait RAN1 response before concluding the noise figure question.
[Q4] Impact, if any, LP-WUS transmission on existing gNB emissions/compliance requirements

As the gNB is based on OFDM transmitter so each physical signal is modulated in frequency domain.  In RAN1 LS, there is no OFDM receiver architecture in scope, so from WUR perspective, it expects to demodulate a time domain modulated signal without the OFDM receiver, this creates a question on how to transmit a time domain OOK modulated signal using the OFDM transmitter. In out companion paper, it is observed that for multi-bit OOK transmission, there is impact on the current gNB RF requirement in terms of PAPR. However, more study is needed before concluding on this aspect.
  
[bookmark: _Ref131965196]Further investigation is needed on WUS signal generation using the OFDM transmitter.
[Q5] 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

The frequency error depending on whether the WUR can be synchronized with the synchronization signal (e.g either SSB or LP -SS), if WUR cannot monitor the synchronization signals, the clock circuitry is free running, and the frequency stability of an oscillator will be deciding factor. In TR 38.802, the frequency error is assumed as below in Table A.2.3-1.

	Frequency Offset
	-	Initial acquisition
-	TRP: uniform distribution +/- 0.05 ppm
-	UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)
-	Non-initial acquisition
-	TRP: uniform distribution +/- 0.05 ppm
-	UE: uniform distribution +/- 0.1 ppm


 
For the WUR using the IF Envelop detector, there is no need to be synchronized to the network but as the IF BPF is possible designed with a fixed frequency with a WUR RF bandwidth, when the LO frequency is drifting, the down converted IF signal will be drifted also and the wanted signal may be ended up outside the IF BPF or blocker/interferer signal shows up in IF BPF passband, either case, the demodulation may fail. Therefore, there is a need to control the frequency offset at WUR. 
 

[Q6] Whether certain LP WUR architectures can support multi-band capability
The WUR can have the same multi-band support as the main receiver. In this case, when UE is a WUS-capable UE, it does not need to report separate band parameter specific relating to WUR.  If the WUS capability is band specific feature, it may have different band support compared with main receiver. This could be up to the RAN1/RAN2 decision.
Conclusions
In this contribution, we present our view on the LS question on low-power wake-up receiver architectures.
Proposal-1:ACS requirement should be further discussed in the context of the guard band.
Proposal-2:RAN4 discuss the factors impacting the guard band size design.
Proposal-3:Wait RAN1 response before concluding the noise figure question.
Proposal-4:Further investigation is needed on WUS signal generation using the OFDM transmitter.
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