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1. Introduction
In RAN4#106bis-e meeting, the group agreed the basic framework and selected scenarios for LP-WUS architecture analysis [1]. In this paper we share our views on ACS/ASCS and guard RB analysis.
In addition, given the RAN1 part of this SI is targeted for completion in August meeting [2], so the feedback to RAN1 LS [3] should be concluded this meeting. 
The outcome of RAN4 analysis and conclusions should be captured in the TR 38.869, which has a dedicated Clause for RAN4 part.   
2. Low-power WUR architectures
2.1. Adjacent Channel/SubCarrier Selectivity (ACS/ASCS) for LP-WUR
As agreed in last RAN4 meeting, group’s understanding on a new term Guard RBs for WUS receiver is aligned [1].
Issue 2-2-1: Guard RBs definition for LP-WUS
Agreements:
· RAN4 use guard RBs (if needed) for LP-WUS, which is Granularity of RB. The traditional guardband for NR channel bandwidth defined in TS 38.101-1 should not be changed.
· For case when WUS is smaller than NR channel bandwidth
· For case 2-1, the LP-WUS guard RB is number RBs between LP-WUS and NR signals (edge of WUR RB location to nearest edge of eMBB RB)
· For case 2-2, the WUS is placed at the edge of the NR channel bandwidth, i.e. the lowest/highest RB of WUS with guard RBs is aligned with the lowest/highest NR transmission bandwidth configuration in spec TS 38.101-1. 
· [For case when the WUS/WUR is same as NR channel bandwidth]
· For case 1, the LP-WUS guard RBs is number RBs between LP-WUS and traditional guardband (edge of WUR RB location to Outermost of NRB)
· RAN4 should further check with RAN1 for this case
· FFS whether the guard RBs should be symmetric within the WUS channel bandwidth.
Issue 2-2-2: Whether guard RBs is needed for LP-WUR
Agreement: 
· How many RBs (if needed) for guard is FFS. RAN4 should further evaluate this number based on the cases identified in issue 2-2-1.
· The size of guard RBs from implementation perspective for LP-WUS should be determined in RAN4.


In this meeting, RAN4 should decide how many guard RBs are needed, and whether the guard RBs should be symmetric. This depends on the analysis of ACS and ASCS value based on agreed framework:  
Issue 2-3-1: General evaluation framework for both ACS and ASCS
Agreement: 
· The following aspects can be starting point for further discussions
· Framework in RAN4 that the ACS and ASCS value can be evaluated based on the following aspects: 
· Typical filter characteristic, e.g. filter order, pass BW, cut-off frequency 
· Guard RB size within LP-WUS channel bandwidth 
· RF impairment can also be considered 
· Averaged power attenuation at ACS or ASCS frequency range 
· FFS whether SINR of the wanted signal at detector input is needed
· FFS whether use ICS to instead ASCS
· FFS Coexistence-simulation-based framework can also be considered
· FFS on details of coexistence study (if needed) of LP-WUS
· Coverage should be considered


However, before going into details analysis of ASCS, it is quite important to align the definition of this new performance metric for UE. For ACS, the requirement is clear enough that the test cases are separated into two frequency ranges: < 2.7GHz (5MHz BWinterferer) and ≥3.3GHz (BWChannel = BWinterferer). 
For ASCS, given the analysis focuses on 2.6GHz, and ASCS can use a similar approach as ACS that 5MHz BWinterferer is adopted. 
The ASCS and ACS analysis can be separated into three cases based on the WUS placement:
1) If the WUS is placed close to the center of the channel, and the in-channel Adjacent SubCarrier of NR signal is wider than WUS bandwidth, then for ASCS we think maximum of 5MHz as NR BWinterferer is sufficient (similar to ACS test case below 2.7GHz). In this case, we just need to consider ASCS, given the ACS will not have impact on WUS signal. In our understanding, Case 1 would be the worst case for ASCS, as shown in Figure 1.
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Figure 1. Case1: WUS at the center of NR channel, only ASCS needs to be considered. Worst case of ASCS 
As stated in the reply LS [4], RAN1 has not discussed the RF bandwidth of 1.4MHz for LP-WUS, and is focusing on 5MHz RF bandwidth case for LP-WUS. Therefore, in this paper, we further prioritize 5MHz LP-WUS case for simulations. The following analyzed results are all for WUS=5MHz case.
For case 1: follow the agreed framework, we calculate the Averaged power attenuation at ASCS frequency range to perform the ASCS vs guard RB analysis, the following parameters in Table 1 are used:
Table 1: LP-WUS evaluation parameters for case 1

	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

	WUS BW within NR channel
	Max 5.04 MHz

	WUS RB allocation (Note 1)
	24 RB (15kHz SCS) or 12 RB (30kHz SCS) in 5.04 MHz; 

	WUS placement within NR channel
	case 1: Center; 

	Guard RB size of LP-WUS
	· 0 RB, 0.5RB,1RB, 2RB, 3RB at each side
· Symmetric guard RB 

	ASCS interferer
	5MHz 

	Filter characteristic
	2nd to 5th order Butterworth
lowpass@ baseband
bandpass@100MHz
bandpass@2.6GHz

	Filter passband BW
	Same as WUS bandwidth (number of RBs)

	Target ACS
	TBD

	Target ASCS
	TBD

	Target WUS SNR
	TBD

	RF impairment
	FFS

	Note 1: For easy evaluation, the number of allocated WUS RBs is fixed. The number of Guard RBs is changed. 



Observation 1: The detailed ASCS definition is still not clear in RAN4, which should be aligned first. In our simulation, for WUS=5MHz, the ASCS BWinterference is 5MHz. 
Proposal 1: RAN4 should further define and clarify a detailed definition for ASCS metric. 
In case 1, the ACS impact can be ignored. The ASCS vs guard RB is provided in table 2.
	Table 2: 5MHz LP-WUS ASCS results for case 1
	Filter order
	
	ASCS, BWinterference = 5MHz

	
	Guard RB
NR CBW
	0RB
	0.5RB
	1RB
	2RB
	3RB

	5th 
	20MHz, SCS = 15KHz
	-19.25
	-20.67
	-21.63
	-24.04
	-26.39

	
	100MHz, SCS = 30KHz
	-18.24
	-20.63
	-22.97
	-27.59
	-31.80

	4th
	20MHz, SCS = 15KHz
	-16.99
	-18.06
	-18.78
	-20.58
	-22.34

	
	100MHz, SCS = 30KHz
	-16.03
	-17.84
	-19.57
	-23.06
	-26.27

	3rd 
	20MHz, SCS = 15KHz
	-14.18
	-14.92
	-15.42
	-16.65
	-17.86

	
	100MHz, SCS = 30KHz
	-13.33
	-14.58
	-15.76
	-18.17
	-20.42

	2nd
	20MHz, SCS = 15KHz
	-10.71
	-11.15
	-11.44
	-12.17
	-12.88

	
	100MHz, SCS = 30KHz
	-10.05
	-10.79
	-11.49
	-12.92
	-14.27


In our simulation, the filter characteristic under different center frequency is nearly the same, with the resulted ASCS value difference within 1dB. Therefore, we perform all the simulations but just show the baseband filter results in the table 2 for simplification. The higher center frequency impacts can be considered from filter implementation perspective. 
Based on the values in Table 2, RAN4 should further decide which ASCS value is reasonable from receiver design perspective and RF implementation perspective. In our understanding, -20dB suppression for LP-WUS ASCS is sufficient.  
Observation 2: Currently, the ASCS target is not clear in both RAN1 and RAN4. 
Proposal 2: RAN4 should decide a target ASCS value, for example 20dB. Then the corresponding number of guard RB is 0.5RB at each side using 5th order filtering. 
Proposal 3: If no ASCS target can be concluded, several ASCS options with corresponding number of Guard RBs in Table 2 can be provided to RAN1. 
2) If the WUS is placed close to the edge of the channel, we should consider both ASCS and ACS, and this is the worst case of ACS, as shown in Figure 2. 
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Figure 2. Case 2: WUS at the edge of NR channel, ASCS and ACS should be considered. Worst case of ACS 
For case 2: we calculate the averaged power attenuation at ACS frequency range to perform the ACS analysis, the following parameters in Table 3 are used: 
Table 3: LP-WUS ACS evaluation parameters for case 2
	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

	WUS BW within NR channel
	Max 5.04 MHz

	WUS RB allocation (note 1)
	24 RB (15kHz SCS) or 12 RB (30kHz SCS) in 5.04 MHz; 

	WUS placement within NR channel
	case 2: edge; 

	Guard RB size of LP-WUS
	· 0 RB, 0.5RB,1RB, 2RB, 3RB at each side
· Symmetric guard RB 

	ACS interferer (cell 2) 
	5MHz with guardband 

	Filter characteristic
	2nd to 5th order Butterworth
lowpass@ baseband
bandpass@100MHz
bandpass@2.6GHz

	Filter passband BW
	Same as WUS bandwidth (number of RBs)

	Target ACS
	TBD

	Target ASCS
	TBD

	Target WUS SNR
	TBD

	RF impairment
	FFS

	Note 1: For easy evaluation, the number of allocated WUS RBs is fixed. The number of Guard RBs is changed. 



In case 2, the ACS is the worst case, ACS vs guard RB is provided in the Table 4 below:
Table 4: 5MHz ACS results for case 2
	Filter order
	
	ACS, BWinterference = 5MHz

	
	Guard RB
NR CBW
	0RB
	0.5RB
	1RB
	2RB
	3RB

	5th 
	20MHz, SCS = 15KHz
	-28.20
	-29.51
	-30.37
	-32.43
	-34.40

	
	100MHz, SCS = 30KHz
	-34.51
	-36.33
	-38.07
	-41.33
	-44.33

	4th
	20MHz, SCS = 15KHz
	-23.71
	-24.70
	-25.35
	-26.92
	-28.42

	
	100MHz, SCS = 30KHz
	-28.35
	-29.76
	-31.11
	-33.64
	-35.97

	3rd 
	20MHz, SCS = 15KHz
	-18.80
	-19.49
	-19.94
	-21.04
	-22.10

	
	100MHz, SCS = 30KHz
	-21.90
	-22.90
	-23.87
	-25.70
	-27.39

	2nd
	20MHz, SCS = 15KHz
	-13.43
	-13.84
	-14.11
	-14.77
	-15.41

	
	100MHz, SCS = 30KHz
	-15.18
	-15.80
	-16.40
	-17.54
	-18.62



Similar to ASCS, the filter characteristic at different center frequency is not apparently reflected in matlab filter shaping, so we also just show the baseband filter results in table 4. 
If we select 5th order filter, for 100MHz NR CBW, 0 guard RB is needed, this because the existing guardband between channels is sufficient. But for 20MHz NR CBW with 15kHz SCS, at least 1 guard RB is needed to achieve ~30dB ACS suppression level.   
Observation 3: Given there is existing guard band for each NR channel, for 100MHz NR channel, if 5th order filter is used, no guard RB is needed for ACS. But for 20MHz, if ~30dB ACS should be achieved, then 1RB for guard RBs is needed.  
Proposal 4: For different NR CBW, RAN4 should defined different number of required guard RBs for LP-WUS ACS. 
Proposal 5: RAN4 should decide a target ACS value, for example ~30dB. Then the corresponding number of required guard RB is 0RB for 100MHz CBW and 1RB for 20MHz CBW, using 5th order filtering. 
Proposal 6: If no concluded ACS target in RAN4, the ACS results listed in Table4 can be captured in the reply LS to RAN1.
In addition, the guard RB for ACS suppression at the edge of NR channel can also be used for NR signal allocation, but not only empty RBs. 
Proposal 7: The guard RBs at channel edge for LP-WUS ACS could also be used for NR downlink signal.
3) If the WUS is placed between the center and edge of the channel, and the Adjacent SubCarrier of NR signal is smaller than WUS bandwidth (i.e. 5MHz), how to define ASCS is not clear. This is case 3, as shown in Figure 3. 
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Figure 3. Case 3: WUS located between the center and edge of NR channel, ASCS is between case 1 and case 2
For case 3, RAN4 should align how to evaluate ASCS. However, given case 1 is the worst case for ASCS and case 2 is the worst case for ACS, RAN4 do not need to perform additional analysis for case 3.  
Proposal 8: RAN4 should decide whether worst case of ASCS and ACS has been covered by case 1 and case 2, and case 3 analysis is not needed. 
1. 
2. 
In the WF, whether WUS can be flexible located in the channel is FFS. 
Issue 2-3-4: Whether WUS can be flexibly located within the NR carrier
Agreements:
· FFS whether LP-WUS can be flexible or partially flexible located within NR carrier.
· pros and cons of flexible WUS location can be studied


Based on above analysis, our understanding is that the WUS can be flexible located within NR carrier as long as the required guard RBs are configured. 
Proposal 9: LP-WUS can be flexible located within NR carrier as long as the required guard RBs are configured.  
At last, for 5MHz within 5MHz NR carrier case, in our understanding, this case is not precluded in RAN1. However, if the channel is configured with full RBs for WUS signal, then we just need to consider ACS requirements, which is the same as that in Table 4. 
The only difference is that the traditional guard band for 5MHz is just 242.5kHz, smaller than that for 20MHz, so the more guard RBs might be needed for ACS under 5MHz full-channel case.
2.1. Noise Figure(s) 
1. 
2. 
2.1. 
2.2. 
In RAN1 reply LS [4], the coverage and SNR targets for LP-WUR are still under discussion in RAN1. With this condition, it would be hard for RAN4 to decide the feasible phase noise level for each architecture.
For FR1, the baseline NF assumption to define FR1 REFSENS is ~9dB. In TR 38.921, the noise figure of UE was assumed to be within the range of 9~13 dB, but only for ITU WP5D studies and not for RF specification. 
To ensure a better coverage/sensitivity of LP-WUS, the phase noise of different architecture is expected not much worse than main receiver. The following range can be considered for RAN4 discussions: 
· RF-ED: ~ [15-17] dB 
· IF-ED: ~ [11-15] dB
· BB-ED: ~ [12-16] dB
RAN4 should further discuss whether comparable NF level as main receiver is achievable. 
2.2. gNB RF requirements impacts
3. 
4. 
4.1. 
4.2. 
In RAN1 reply LS [4], the power boosting is considered in RAN1: 
Whether in-band power boosting of LP-WUS is considered from RAN1 perspective
[RAN1 response] 
· RAN1 is considering as part of evaluation, the in-band power boosting of LP-WUS. As the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following for the modelling of adjacent subcarrier interference. RAN1 would appreciate feedback from RAN4, if any, on the power boosting assumptions made in RAN1.
Adjacent subcarrier interference
· PDSCH mapped on resources other than that for WUS and guard band; 
EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional



Given RAN1 has considered the power boosting, based on RAN4 agreements, RAN4 should study the feasibility of these values.

Proposal 10: RAN4 recommend 3dB and 6dB power boosting for LP-WUS. 
3. Conclusion
In this contribution, we share our views on LP-WUR and have the following observations and proposals:
Observation 1: The detailed ASCS definition is still not clear in RAN4, which should be aligned first. In our simulation, for WUS=5MHz, the ASCS BWinterference is 5MHz. 
Proposal 1: RAN4 should further define and clarify a detailed definition for ASCS metric. 
Observation 2: Currently, the ASCS target is not clear in both RAN1 and RAN4. 
Proposal 2: RAN4 should decide a target ASCS value, for example 20dB. Then the corresponding number of guard RB is 0.5RB at each side using 5th order filtering. 
Proposal 3: If no ASCS target can be concluded, several ASCS options with corresponding number of Guard RBs in Table 2 can be provided to RAN1. 
Observation 3: Given there is existing guard band for each NR channel, for 100MHz NR channel, if 5th order filter is used, no guard RB is needed for ACS. But for 20MHz, if ~30dB ACS should be achieved, then 1RB for guard RBs is needed.  
[bookmark: _GoBack]Proposal 4: For different NR CBW, RAN4 should defined different number of required guard RBs for LP-WUS ACS. 
Proposal 5: RAN4 should decide a target ACS value, for example ~30dB. Then the corresponding number of required guard RB is 0RB for 100MHz CBW and 1RB for 20MHz CBW, using 5th order filtering. 
Proposal 6: If no concluded ACS target in RAN4, the ACS results listed in Table4 can be captured in the reply LS to RAN1.
Proposal 7: The guard RBs at channel edge for LP-WUS ACS could also be used for NR downlink signal.
Proposal 8: RAN4 should decide whether worst case of ASCS and ACS has been covered by case 1 and case 2, and case 3 analysis is not needed. 
Proposal 9: LP-WUS can be flexible located within NR carrier as long as the required guard RBs are configured.  
Proposal 10: RAN4 recommend 3dB and 6dB power boosting for LP-WUS. 
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