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1. Introduction
In RAN4 #108 meeting, one WF[1] and LS[2] are approved to help further discussion. Besides, it’s approved that both filter suppression performance and link level simulation are allowed to analyze guard band. In this contribution, we focus on the discussion of ACS and ASCS related issues.
2. Discussion
2.1 Guard RB evaluation for ACS based on filter characteristics
Last meeting agreement is listed as below for information:
	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.



Following list our filter evaluation analysis assumption.
Table 1: LP-WUS evaluation scenarios
	NR RF channel BW
	20MHz/100MHz for 5MHz WUS

	Guardband of NR channel
	Unchanged, defined in Clause 5.3.3 in TS 38.101-1, i.e.
 For 15kHz SCS, 242.5kHz guardband for 5M CBW and 452.5kHz guard band for 20M CBW
For 30kHz SCS, 505kHz guardband for 5M CBW and 845kHz guard band for 100M CBW

	WUS BW within NR channel
	5.04 MHz

	WUS RB allocation (Note 1)
	24 RB, i.e. total 4.32MHz

	WUS placement within NR channel
	Carrier edge for ACS and carrier center for ASCS

	Guard RB size of LP-WUS
	· 0 RB, 0.5 RF, 1RB, 2RBs, 3RB at each side. 
· Only symmetric guard RB has been considered

	ACS interferer
	5MHz

	Filter characteristic
	2rd and 5th order Butterworth
Both analog and digital filter can be considered

	Filter passband BW
	4.32/2=2.16MHz for low-pass filter
4.32MHz for band-pass filter


Following list the S21 of 2th and 5th order butterworth filters and related parameters.
[image: 2rd butterworth filter frequency response]
Figure 1: Frequency response of 2rd Butterworth filters
[image: 2rd butterworth filter frequency response]
Figure 2: Frequency response of 5rd Butterworth filters
Following table list ACS value based on low-pass filter for zero-IF envelop detector architecture, in which pass bandwidth is 4.32/2=2.16MHz.
Table 2. evaluated ACS based on low-pass filter with 2.16MHz pass bandwidth
	Filter order
	
	ACS, BWinterference = 5MHz

	
	        Guard RB
CBW
	Frequency
Offset
	0RB/
30kSCS
	0.5RB/
30kSCS
	1RB/
30kSCS
	2RB/
30kSCS
	3RB/
30kSCS

	5th 
	20MHz, SCS = 15KHz
	0 ppm
	-27.75
	-29.88
	-31.9
	-35.65
	-39.07

	
	
	5 ppm
	-27.6
	-29.73
	-31.76
	-35.52
	-38.95

	
	
	10 ppm
	-27.44
	-29.58
	-31.61
	-35.39
	-38.83

	
	
	50 ppm
	-26.15
	-28.35
	-30.45
	-34.34
	-37.87

	
	
	200 ppm
	-21.1
	-23.47
	-25.78
	-30.11
	-34.03

	
	100MHz, SCS = 30KHz
	0 ppm
	-35.00
	-36.78
	-38.47
	-41.65
	-44.59

	
	
	5 ppm
	-34.87
	-36.65
	-38.35
	-41.54
	-44.49

	
	
	10 ppm
	-34.74
	-36.52
	-38.23
	-41.43
	-44.38

	
	
	50 ppm
	-33.66
	-35.5
	-37.25
	-40.53
	-43.55

	
	
	200 ppm
	-29.36
	-31.4
	-33.35
	-36.97
	-40.27

	2nd
	20MHz, SCS = 15KHz
	0 ppm
	-12.62
	-13.28
	-13.93
	-15.18
	-16.34

	
	
	5 ppm
	-12.57
	-13.24
	-13.89
	-15.13
	-16.3

	
	
	10 ppm
	-12.52
	-13.19
	-13.84
	-15.09
	-16.26

	
	
	50 ppm
	-12.12
	-12.8
	-13.47
	-14.74
	-15.93

	
	
	200 ppm
	-10.59
	-11.3
	-12.01
	-13.36
	-14.63

	
	100MHz, SCS = 30KHz
	0 ppm
	-14.96
	-15.56
	-16.13
	-17.24
	-18.28

	
	
	5 ppm
	-14.91
	-15.51
	-16.09
	-17.2
	-18.24

	
	
	10 ppm
	-14.87
	-15.47
	-16.05
	-17.16
	-18.21

	
	
	50 ppm
	-14.51
	-15.13
	-15.72
	-16.85
	-17.91

	
	
	200 ppm
	-13.12
	-13.77
	-14.41
	-15.62
	-16.76


















Following table is based on analog band-pass filter for RF/IF envelop detector architecture, in which pass bandwidth is 4.32MHz.
Table 3. evaluated ACS based on analog band-pass filter with 4.32MHz pass bandwidth
	Filter order
	
	ACS, BWinterference = 5MHz

	
	        Guard RB
CBW
	Frequency
Offset
	0RB/
30kSCS
	0.5RB/
30kSCS
	1RB/
30kSCS
	2RB/
30kSCS
	3RB/
30kSCS

	5th 
	20MHz, SCS = 15KHz
	0 ppm
	-17.96
	-19.16
	-20.34
	-22.64
	-24.83

	
	
	5 ppm
	-17.88
	-19.08
	-20.26
	-22.56
	-24.75

	
	
	10 ppm
	-17.79
	-18.99
	-20.18
	-22.48
	-24.68

	
	
	50 ppm
	-17.09
	-18.3
	-19.49
	-21.82
	-24.05

	
	
	200 ppm
	-14.46
	-15.67
	-16.89
	-19.3
	-21.63

	
	100MHz, SCS = 30KHz
	0 ppm
	-22.23
	-23.35
	-24.44
	-26.55
	-28.56

	
	
	5 ppm
	-22.15
	-23.27
	-24.36
	-26.47
	-28.49

	
	
	10 ppm
	-22.07
	-23.19
	-24.29
	-26.4
	-28.42

	
	
	50 ppm
	-21.41
	-22.54
	-23.66
	-25.8
	-27.84

	
	
	200 ppm
	-18.86
	-20.05
	-21.22
	-23.47
	-25.63

	2nd
	20MHz, SCS = 15KHz
	0 ppm
	-8.18
	-8.56
	-8.94
	-9.7
	-10.43

	
	
	5 ppm
	-8.15
	-8.53
	-8.92
	-9.67
	-10.4

	
	
	10 ppm
	-8.12
	-8.51
	-8.89
	-9.64
	-10.38

	
	
	50 ppm
	-7.9
	-8.28
	-8.67
	-9.43
	-10.17

	
	
	200 ppm
	-7.05
	-7.44
	-7.83
	-8.6
	-9.36

	
	100MHz, SCS = 30KHz
	0 ppm
	-9.56
	-9.93
	-10.3
	-11.02
	-11.72

	
	
	5 ppm
	-9.53
	-9.91
	-10.27
	-10.99
	-11.69

	
	
	10 ppm
	-9.51
	-9.88
	-10.25
	-10.97
	-11.67

	
	
	50 ppm
	-9.29
	-9.67
	-10.04
	-10.76
	-11.47

	
	
	200 ppm
	-8.47
	-8.85
	-9.23
	-9.97
	-10.7


























The main reason between table 2 and table 3 is that less pass bandwidth will lead to better filter suppression capability. So table 2 with less pass bandwidth will have better performance.

Observation 1: table 2 and table 3 list filter suppression performance for ACS evaluation.
2.2 Guard RB evaluation for ASCS based on filter characteristics
Following table is based on low-pass filter for zero-IF envelop detector architecture, in which pass bandwidth is 4.32/2=2.16MHz.
Table 4. evaluated ASCS based on low-pass filter with 2.16MHz pass bandwidth
	Filter order
	
	ASCS, BWinterference = 5MHz

	
	       Guard RB
CBW
	Frequency
Offset
	0RB/
15kSCS
	1RB/
15kSC
	2RB/
15kSC
	4RB/
15kSC

	5th 
	20MHz, SCS = 15KHz
	0 ppm
	-20.05
	-22.39
	-24.75
	-29.25

	
	
	5 ppm
	-19.89
	-22.22
	-24.58
	-29.1

	
	
	10 ppm
	-19.72
	-22.05
	-24.41
	-28.94

	
	
	50 ppm
	-18.44
	-20.7
	-23.05
	-27.67

	
	
	200 ppm
	-14.31
	-16.06
	-18.08
	-22.66

	2nd
	20MHz, SCS = 15KHz
	0 ppm
	-10.71
	-11.42
	-12.12
	-13.47

	
	
	5 ppm
	-10.65
	-11.37
	-12.07
	-13.42

	
	
	10 ppm
	-10.6
	-11.31
	-12.02
	-13.38

	
	
	50 ppm
	-10.19
	-10.9
	-11.61
	-12.99

	
	
	200 ppm
	-8.66
	-9.36
	-10.07
	-11.49



Following table is based on analog band-pass filter for RF/IF envelop detector architecture, in which pass bandwidth is 4.32MHz.
Table 5. evaluated ASCS based on analog low-pass filter with 4.32MHz pass bandwidth
	Filter order
	
	ASCS, BWinterference = 5MHz

	
	       Guard RB
CBW
	Frequency
Offset
	0RB/
15kSCS
	1RB/
15kSC
	2RB/
15kSC
	4RB/
15kSC
	0RB/
15kSCS

	5th 
	20MHz, SCS = 15KHz
	0 ppm
	-14.41
	-15.59
	-16.79
	-19.2
	-21.56

	
	
	5 ppm
	-14.33
	-15.51
	-16.71
	-19.12
	-21.48

	
	
	10 ppm
	-14.24
	-15.42
	-16.62
	-19.03
	-21.39

	
	
	50 ppm
	-13.58
	-14.74
	-15.93
	-18.34
	-20.72

	
	
	200 ppm
	-11.24
	-12.29
	-13.39
	-15.73
	-18.13

	2nd
	20MHz, SCS = 15KHz
	0 ppm
	-7.25
	-7.64
	-8.02
	-8.79
	-9.54

	
	
	5 ppm
	-7.22
	-7.61
	-8
	-8.76
	-9.52

	
	
	10 ppm
	-7.2
	-7.58
	-7.97
	-8.73
	-9.49

	
	
	50 ppm
	-6.97
	-7.36
	-7.74
	-8.51
	-9.27

	
	
	200 ppm
	-6.14
	-6.52
	-6.91
	-7.68
	-8.45



The main reason between table 4 and table 5 is that less pass bandwidth will lead to better filter suppression capability. So table 2 with less pass bandwidth will have better performance.
Observation 2: table 4 and table 5 list filter suppression performance for ASCS evaluation.
Proposal 1: it’s suggested to capture table 2-5 into final TR.
2.3 Target ACS when assume the same coverage as legacy network
Last meeting agreement is listed as below for information.
	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. 


Following show the target ACS value analysis based on the same interference level and REFSENSE degradation assumption as legacy UE.
	parameter
	value
	comment

	
	Case 1
	Case 2
	

	P_interference:
Interference power for ACS requirement
	=REFSENS Normal_UE + 45.5dB=-52.48dBm/5MHz
	-25dBm
	We use n41 as example.
The same as the value for ACS testing considering such interference mainly comes from adjacent channel gNB power even for LP-WUR case

	REFSENSE degradation due to adjacent channel interference
	+14dB
	-56.5dBm
	This is also related to target coverage. +14dB is the same as legacy UE. 
But when target coverage shrinks for other UE device, large REFSENSE degradation is allowed, which will lead to smaller ACS.

	ACS
	31.7 for 9dB NF assumption
25.7 for 15dB NF assumption
16.7 for 24dB NF assumption
	31.5 for 9dB NF assumption
25.5 for 15dB NF assumption
16.5 for 24dB NF assumption
	


As analyzed in above table, ACS for 9dB, 15dB, 24dB NF are suggested as 32dB, 26dB and 17dB respectively. Based on the ACS evaluation in table 2 and 3, it seems 5 order butterworth filter is enough with max 2PRB (30kHz SCS) .
Proposal 2: to avoid adjacent channel interference, 5 order butterworth filter is suggested with max 2PRB (30kHz SCS) guard RB.
2.4 Dedicated LP-WUS operation band
LS has been sent from RAN1 to reply the possibility of same CBW of LP-WUS as the carrier CBW. RAN1 currently doesn’t evaluate the case when LP-WUS occupies the whole carrier. As approved in last meeting  it’s RAN4’s responsibility to decide whether to consider dedicated LP-WUS operation band. Considering this is the study item, RAN4’s main responsibility is to identify RF architecture, ACS and guardband assumption. However ACS/guard band requirements are not needed for the case when LP-WUS occupies the whole operation band.  Besides, dedicated operation band will not introduce extra new architecture. Therefore, it seems we can wait for work item to discuss dedicated LP-WUS operation band. 
If companies still have strong view of this dedicated LP-WUS operation band in this study item, n28 and n41 could be used as example band which have been commercially deployed by many operators among the world.
Proposal 3: if RAN4 finally approve to define LP-WUS dedicated operation band, band 28 and band 41 are suggested as example band which has been globally deployed by many operators.
3. Conclusions
In this contribution, LP-WUR architecture and RF requirements are discussed with following observations:
Observation 1: table 2 and table 3 list filter suppression performance for ACS evaluation.
Observation 2: table 4 and table 5 list filter suppression performance for ASCS evaluation.
Proposal 1: it’s suggested to capture table 2-5 into final TR.
Proposal 2: to avoid adjacent channel interference, 5 order butterworth filter is suggested with max 2PRB (30kHz SCS) guard RB.
Proposal 3: if RAN4 finally approve to define LP-WUS dedicated operation band, band 28 and band 41 are suggested as example band which has been globally deployed by many operators.
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