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Introduction
In this contribution, we present our TP on the Analog-to-Digital Converter (ADC) impairment simulation results with observations and proposals.
[bookmark: _Ref115159812]Discussion
In this TP, we continue to investigate the ADC impairment due to the limited ADC # of bits and reduced the down-sampling rate. 
A SAR (successive-approximation register) ADC system operates in two separate phases. During acquisition phase, the input signal will charge the capacitor at sample and hold circuit and during the conversion phase, the capacitor disconnect the input signal and connect to ADC comparator. The ADC average power consumption is the sum of the power consumed during the acquisition time and conversion phase divided by the cycle time.  It is stated in [3] that the power consumption of SAR ADC most relates to the conversion phase as the acquisition phase the power consumption is zero. This is also means the decreasing the sampling rate will result in longer cycle time which in turn deceasing the power consumption. In [3], the power consumption of one ADC operating at a 100kbps sampling rate is 16 times lower than power consumption operating at 1Msps sampling rate.  
[bookmark: _Ref149926264]Lowing the ADC sampling rate benefits power consumption for a SAR ADC.
From RAN#101 and Chairman’s notes: 
· conclusion: future discussion will focus on direction 1 and direction 2
· This refers to the Moderator’s summary in RP-232616 [4]:
In [4], the two direction is listed below. 
Direction 1:
-	Waveform-option-1: OOK-1 and/or OOK-4, as described in section 7.2.1.1 (A)(D) in TR38.869. 
-	Waveform-option-3: Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlayed OFDM sequences over OOK symbol
-	For RRC IDLE/INACTIVE, in addition to existing PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported for synchronization and/or RRM for serving cell. 
Direction 2:
-	Waveform-option-3: Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlayed OFDM sequences over OOK symbol
-	For RRC IDLE/INACTIVE, in addition to existing PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported for synchronization and/or RRM for serving cell.
It is not clear how RAN1 will agree on the options of overlaid LP-WUS signal design. If both OFDM and OOK will be used in the WUR (e.g. improving the detection performance), the sampling rate should be adapted so both OFDM and OOK signal would be decoded.
[bookmark: _Ref149926275]The sampling rate of the ADC should be adapted for the overlaid LP-WUS structure if both OFDM and OOK signal would be used.
In the following paper discussion, only OOK signal is used in WUR.

Simulation results
To study the impact on the SNR performance of different filter order and the number of the shifted RB, 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 
	AWGN

	SCS
	30 kHz

	UE Rx antennas 
	1 for WUR

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

	Receiver filter
	Chebyshev filter of order 2, 4, 6,8,10 

	Non-WUS transmissions
	ASCS case 

	Rx approach
	Payload based: based on Manchester decoding.

	RF impairments
	ADC # bit [2, 4, 6,8] and ADC sampling rate [down sampling factor 4, 8, 16,32] 





The BLER performance is illustrated from Figure 2‑1 to Figure 2‑4. It can be observed that generally there is SNR degradation when sampling rate down-sampling factor is  increased from 4 to 32 for the same number of ADC bits and the same BPF order. Such SNR degradation is most prominent for ADC with resolution of 2 bit case where 1.8 dB SNR degradation is observed in Figure 2‑1, Figure 2‑2 and Figure 2‑3.  Higher ADC bits reduce the SNR degradation. For example, tor ADC bits of 4, 6 and 8, the SNR degradation is around 1 dB. With Higher BPF order (>=6) , SNR degradation can be further reduced to around 0.5 dB.

[bookmark: _Ref149926283]There is SNR degradation when ADC sampling rate is reduced for the same number of ADC bits and the same BPF order.
[bookmark: _Ref149926291]SNR degradation is more prominent for lower ADC bits combined with lower BPF order. 
[bookmark: _Ref149926299]SNR degradation can be reduced with higher ADC bits and higher BPF order.
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[bookmark: _Ref149560232]Figure 2‑1: the BLER performance for different ADC bits and down-sampling rate factor with BPF filter order 2
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[bookmark: _Ref149568979]Figure 2‑2: the BLER performance for different ADC bits and down-sampling rate factor with BPF filter order 4
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[bookmark: _Ref149569012][bookmark: _Ref149568988]Figure 2‑3: the BLER performance for different ADC bits and down-sampling rate factor with BPF filter order 6
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[bookmark: _Ref149560234]Figure 2‑4: the BLER performance for different ADC bits and down-sampling rate factor with BPF filter order 8









TP proposal 

7.1.2.3	ASCS evaluation

Company 3 (R4-2313476 and R4-2320546)
[image: ]For ASCS, 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 than 2nd and 3rd order, the needed Guard RB is not obvious. In simulated link performance vs # RB for 3rd order filter in Figure 7.1.2.3-4, the SNR improvement for 2 RB is 0.2 dB.
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[bookmark: _Ref142474225][image: ]
Figure 7.1.2.3-4: Link performance for ASCS selectivity with different filter order
[bookmark: _Ref142670055][bookmark: _Ref142670067]If the filter order is higher than or equal to 2, smaller guard RB (1 to 2 RB) is sufficient between adjacent subcarrier of eMBB signal and a WUS signal. If the filter order is too low, the guard RB does not help to improve the ASCS selectivity.

To investigation the ADC impact on the ASCS, the below simulation with different ADC setting is assumed. 
Table 1: ADC parameters
	Parameters 
	Value

	RF impairments
	ADC number of bit [2, 4, 6,8] and ADC sampling rate [down sampling factor 4, 8, 16,32] 




The BLER performance is illustrated from Figure 2‑1 to Figure 2‑4. It can be observed that generally there is SNR degradation when sampling rate down-sampling factor is increased from 4 to 32 for the same number of ADC bits and the same BPF order. Such SNR degradation is most prominent for ADC 2 bit case where 1.8 dB SNR degradation is observed in 7.1.2.3-5.  Higher ADC bits can reduce the SNR degradation. For example, tor ADC bits of 4, 6 and 8, the SNR degradation is around 1 dB. With Higher BPF order (>=6) , SNR degradation can be further reduced to around 0.5 dB.
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Figure 7.1.2.3-5: Link performance for ASCS selectivity for filter order 4 and 6 when ADC impairment is enabled.


Conclusions
In this contribution, we present our view on ADC impact for WUS signal with below observations and proposals:
Observation 1 Lowing the ADC sampling rate benefits power consumption for a SAR ADC.
Observation 2 The sampling rate of the ADC should be adapted for the overlaid LP-WUS structure if both OFDM and OOK signal would be used.
Observation 3 There is SNR degradation when ADC sampling rate is reduced for the same number of ADC bits and the same BPF order.
Observation 4 SNR degradation is more prominent for lower ADC bits combined with lower BPF order.
Observation 5 SNR degradation can be reduced with higher ADC bits and higher BPF order.
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