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Introduction
In this contribution, we present our view on the remaining issue and observations and proposal from simulations.
[bookmark: _Ref115159812]Discussion
In WF[1], below issues is listed:

Issue 1-2-1: required Guard RBs for LP-WUS ASCS 
Agreement: 
· Inform RAN1 the guard RB numbers for LP-WUS ASCS proposed by companies in this RAN4 meeting.
· For 5th order filter, the guard RB number is in the range of 0.5RB ~ 2RBs for 30KHz SCS, or 1RBs ~4RBs for 15KHz SCS.
· Include the assumption information in the LS to RAN1.
· Including how to handle ACS and ASCS simultaneous

Issue 1-3-1: Required Noise Figure 
Agreements
· RAN4 further discuss the Noise figure in Q4 based on the outcome of SNR and coverage in RAN1.

Sub-topic 1-5 Dedicated LP-WUS operation band 
Issue 1-5-1: Separated band for LP-WUS operation 
· Agreements
· FFS in next meeting

required Guard RBs for LP-WUS ASCS and ACS 
ACS case:
For the required guard RB, from our companion paper [2], it is found that there is no need to blank the eMBB signal if the guard RB would be placed outside the WUS BW. It can be observed in Figure 1 that the leakage power from ACI is more than 20 dB higher WUS signal and the subcarrier leakage power is around more than 10 dB below the WUS signal. Therefore, we propose to use the RB offset instead of the guard RB for ACS case. The RB offset should be the distance counted in number of RB measured from the right most RB configured for WUS signal to the RB at right most RB in the cell RB grid if the adjacent carrier is placed at right side of cell carrier. This is illustrated in Figure 2.

[bookmark: _Ref146631664]Use the RB offset instead of guard RB for ACS case.

[image: ]
[bookmark: _Ref146617438]Figure 1: combined signal (ACI + WUS) before and after the BPF (order = 6)



[bookmark: _Ref146619674]Figure 2: RB offset definition for ACS case
ASCS case:
In our opinion, the guard RB is only necessary to discuss in the ASCS case, therefore, whether or not the guard RB should be placed outside the WUS BW should be discussed first and this is in line with  RAN1 agreement:
Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI
[bookmark: _Ref146631672]Focus the discussion on the guard RB placement inside or outside WUS BW only for ASCS case
In Figure 3, the BLER performance of case of guard RB = ½ and case of guard RB =1 at both side WUS signal within WUS BW is illustrated. It can be observed in Figure 3 that the SNR will be degraded by around 0.3 dB if the guard RB is increased from ½ to 1 at each side the WUS signal within the WUS BW. The reason for this is that the WUS signal occupied RB is reduced from 12 RB to 11 RB. This corresponding a signal power loss of 10log10(12/11) = 0.37 dB. 
[bookmark: _Ref146631706]Increasing the guard RB within the WUS signal have penalty on the SNR 
In Figure 4, the guard RB is increased outside the WUS BW. To simulate this, it is assumed the WUS BW is increased to 5MHz + 2RB but the WUS signal is kept the same RB with WUS BW of 5MHz. It can be observed that the SNR gain by increasing 1 RB for filter order 4 is 0.05 dB when phase noise is set ON. The similar small gain is observed for other filter order. Therefore, it is not necessary to introduce additional guard RB beyond the WUS BW. 
[bookmark: _Ref146468167]Guard RB should only be placed within the WUS BW. 

[image: ]
[bookmark: _Ref146629932]Figure 3: BLER performance with phase noise ON/OFF for ASCS case comparing  nGuardRB =1/2 and nGuardRB = 1 for filter order = 6


[bookmark: _Ref146738868]Figure 4: BLER performance for ASCS case comparing the nGuardRB=1/2 with WUS BW= 5MHz and nGuardRB=1.5 with  WUS BW= 5.72MHz (WUS signal is 12 RB for both WUS BW=5MHz and WUS BW=5.72MHz)
The observations from ACS simulation in [2]  impacts the ACS design. The ACS is to test the UE receiver selectivity and the requirement is specified with a special test condition, e.g ACI level, the UL and DL RB placement. From the simulation results, it can be observed that it is necessary to introduce additional offset from the edge of WUS signal to ACI for certain filter design.  As it is not clear whether to test OOK1, OOK2 or OOK4 and which filter order WUR should be implemented, the detailed design of ACS test case could be discussed in work item phase.  
[bookmark: _Ref146468158]It is necessary to introduce additional RB offset between WUS signal to the ACI in the ACS test.

Issue 1-3-1: Required Noise Figure
RAN4 sent a LS question asking RAN1 about the WUS coverage and till now, there is no reply because there is no conclusion in RAN1 yet.
In [3], there is some discussion in RAN plenary though there is still no conclusion, companies share the views and the WUS coverage to have same coverage with MSG3 PUSCH or PDCCH.  Though there is nno agreement  on this, at least noise figure could be investigate based on some companies view.
[bookmark: _Ref146631693]RAN4 continue to investigate the noise figure based on WUS coverage investigation.
Issue 1-5-1: Separated band for LP-WUS operation
In RAN1 latest agreement:
· RAN1 has reached the following agreement, and the case where WUS is located in a band separate from the UE’s NR band is to be further studied from RAN1 perspective.
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)



As RAN1 has concluded the study with above agreement, in our opinion, RAN4 can follow the RAN1 agreement and no need to further study the separate band case for LP-WUS. 
[bookmark: _Ref146631725]RAN4 follows RAN1 agreement and only consider the WUS and MR within the same FR1 band.
As RAN1 has concluded the study and there may no need to send a LS on any RAN4 conclusion, further RAN4 consensus could be captured in TR instead.
[bookmark: _Ref146631737]Capture the futher RAN4 agreement in TR if needed.
Conclusions
In this contribution, we present our view on remaining issues for WUR study with below observations and proposals:
Proposal-1:Use the RB offset instead of guard RB for ACS case.
Proposal-2:Focus the discussion on the guard RB placement inside or outside WUS BW only for ASCS case
Proposal-3:Guard RB should only be placed within the WUS BW.
Proposal-4:It is necessary to introduce additional RB offset between WUS signal to the ACI in the ACS test.
Proposal-5:RAN4 continue to investigate the noise figure based on WUS coverage investigation.
Observation 1 Increasing the guard RB within the WUS signal have penalty on the SNR
Proposal-6: RAN4 follows RAN1 agreement and only consider the WUS and MR within the same FR1 band.
Proposal-7: Capture the futher RAN4 in TR if needed.
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