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Introduction
According to the agreed WF for LP-WUS in last meeting [1], most of the issues relevant to specifying the RF requirements are left for further discussion and analysis in WI phase. However, there are still several issues which are worth of further clarification or discussion in this meeting, which includes the guard RB placement, BS power boosting and NF in our view.
This contribution provides further analysis for the remaining issues.
Discussion
1.1 Guard RBs and guard RB placement
The guard RBs for LP-WUS ACS and ASCS cases have been discussed for several meetings, and some updates were agreed in last meeting. The agreements in the WF are excerpted as below:
	Issue 1-1-1: Updated number of guard RBs for LP-WUS ACS
Agreements:
· Capture simulations results contributed this meeting as company input to TR. 
· Keep current agreement in reply LS as it is and add a sub-bullet to say that the required guard RBs might be updated/confirmed next meeting based on data considering additional/combined RF impairments, if needed. 

Issue 1-1-2: Updated number of guard RBs for LP-WUS ASCS
Agreements:
· Update the required number of guard RBs for ASCS to 0RB~1RB for 30kHz SCS, capture in TR as RAN4 evaluation outcome.


To conclude the study in RAN4, we think that the above evaluation would be enough. No further update is necessary. 
The other issue related to the guard RBs is the placement of guard RBs for ACS case.
	Issue 1-2-1: Guard RBs placement for LP-WUS ACS case  
Agreements:
· For ASCS, the guard RBs belongs to “WUS carrier”, the overall RBs should within “WUS carrier” bandwidth.
· For ACS, 
· Option 1: the required RBs are RB offset between WUS carrier bandwidth edge and channel edge, 
· RBs within the offset may not be blanked.
· Guard RBs within WUS carrier bandwidth should be taken into account in addition to required RBs
· Option 2: the required guard RBs are RBs within WUS carrier bandwidth.
· FFS on how to allocate guard RBs for ASCS and ACS purpose
· NOTE: for evaluation purpose, WUS carrier bandwidth is the bandwidth of WUS signal plus guard RBs, e.g., 25PRBs for 15Khz SCS and 14PRBs for 30KHz SCS


From the above agreements, it’s clear for the ASCS case, while for ACS, still we have two options to be further discussed. In our view, the options are relevant to the UE implementation as well as NW configuration for the RB resources. There could be three cases for the LP-WUS placement in terms of the same operating band for both NR and LP-WUS, which are illustrated in the figures below:
[image: ]
Figure 1: Guard RBs for ASCS (case 1)
[image: ]
Figure 2: Guard RBs for ACS (case 2)
[image: ]
Figure 3: Guard RBs for ACS+ASCS (case 3)
As discussed in RAN4, the guard RBs for ASCS could be less than that for ACS case, and the filter implementation would be different. Specifying the guard RBs in WI for ASCS and ACS separately is a straightforward way. While for case 3, it is a mixed scenario with both ACS and ASCS. The filter implementation is symmetric, then what’s the filter implementation for such scenario? That’s part of the reason in last meeting RB offset concept is proposed. In such scenario, if UE just uses the filter for ASCS case, it is supposed that additional RB(s) would be considered between the guard RB for LP-WUS based on ASCS and the channel edge of the adjacent interfering NR carrier. Whether the required RBs including the guard RB for ASCS plus the RF offset would be the same as that for ACS case? Probably the required RB numbers are the same with the guard RBs for ACS case, but some analysis would be needed. If in the end, it is confirmed that the required RBs are the same as guard RBs for ACS case, the RB offset can be derived based on the guard RBs for ASCS and ACS, and the offset will be considered for the NW scheduling. This kind of analysis could be further performed during the WI stage, and in SI stage, determining the guard RBs for ASCS and ACS cases with a range would be enough.
Proposal 1: It is proposed to confirm that there are three cases for the guard RBs for LP-WUS in terms of co-existence with NR carrier and determine the guard RB range for ASCS and ACS cases in SI stage. Leave the required RB discussion for ACS+ASCS to the WI stage when to decide the specific number of guard RB for ACS and ASCS cases.
1.2 Power boosting for LP-WUS
The upper bound of power boosting is also a remaining issue. 
	Issue 1-4-1: Possible LP-WUS power range
Agreements:
Manufacture could declare power boosting for WUS signal is supported and the boosting level from 0 dB to [x]dB. Final [x] will be decided in WI phase based on further analysis.
· Encourage companies to provide analysis in RAN4#109 for upper bound of power boosting level.


As we discussed in [2], since power is shared between LP-WUS and NR signals, the power boosting of LP-WUS may have impact to the NR coverage, which means the number of RB boosted for LP-WUS could have a limitation, either by the condition in the spec or by manufacturer declaration, and this should be determined in the WI phase. For now, we are ok to consider 6dB as upper bound for LP-WUS power boosting.
Proposal 2: 6dB as upper bound for LP-WUS power boosting can be considered in the SI stage, however, specific value and the value versus boosted RB number(s) and RB locations should be further discussed in WI stage.
1.3 NF for LP-WUR
During the RAN plenary discussion for the coverage target for LP-WUR, most companies are in favor of the proposal that “LP-WUS shall be able to reach at least the coverage of PUSCH for message3” [3].
We can use the coverage evaluation in RAN1 to do a rough estimation for the viable NF for LP-WUR. The table below is cited from LP-WUS TR [4].
Table 8.2.1 - 5 NR Coverage, Rural, Redcap UE [4]
	　
	Company Name
	Scenarios 
	AL16, 4Rx
	AL8, 4Rx
	AL16, 2Rx
	AL8, 2Rx
	AL16, 1RX
	AL8, 1RX
	PUSCH 
eMBB
	PUSCH Msg3

	Redcap UE
	[8A-11]
	Rural 700MHz
	　
	　
	　
	　
	149.31 
	146.61 
	140.97 
	140.60 

	
	[8A-15]
	Rural 700MHz
	　
	　
	151.73 
	149.75 
	149.45 
	145.48 
	135.97 
	136.09 

	
	[8A-16]
	Rural 700MHz
	　
	　
	　
	　
	153.72 
	　
	　
	138.99 

	
	[8A-14]
	Rural 700MHz
	　
	　
	　
	　
	150.59 
	146.80 
	131.78 
	137.76 

	
	[8A-13]
	Rural 700MHz
	　
	　
	　
	　
	　
	143.46 
	　
	132.23 

	
	[8A-5]
	Rural 700MHz
	
	
	
	
	
	
	
	142.3

	
	[8A-3]
	Rural 700MHz
	
	
	
	
	152.83
	
	
	148.97


The highlighted values are taken as an example. It is seen that the coverage difference between UL Msg3 PUSCH and DL is around 13dB. When we talk about the DL coverage, the REFSENS matters. Two key factors to determine the REFSENS are NF and SNR. So far there is no agreed conditions to derive the SNR value. Suppose the LP-WUS SNR is 5dB worse than main radio (just an example), NF could degrade 8dB consequently. It is noticed that the NF for normal UE in RAN1 evaluation is 7dB, which means LP-WUR with 15dB NF could roughly comply with the Msg3 coverage target. 
It was agreed in last meeting the sensitivity requirement will be discussed in WI phase. Due to the close relationship tied between NF and SNR, if there is no determined SNR value yet, we feel it is hard to decide the proper NF range based on existing RAN1 analysis. The final NF for REFSENS of LP-WUR is a single value, which is a tradeoff of performance demand upon the coverage target as well as the implementation feasibility. At least from RAN1 evaluation, the NF is already in a quite large range. The remaining issue is to decide the final NF value in the available range according to the aforementioned tradeoff principle. This kind of work can be deferred to the WI phase and discuss it together with determination of SNR.
Proposal 3: It is proposed to discuss the viable NF together with SNR in WI phase when to determine the REFSENS for LP-WUR with consideration of the coverage target.

Conclusion
This contribution provides further consideration for remaining issues for LP-WUS/WUR. To conclude the study in RAN4, we have the following proposals:
Proposal 1: It is proposed to confirm that there are three cases for the guard RBs for LP-WUS in terms of co-existence with NR carrier and determine the guard RB range for ASCS and ACS cases in SI stage. Leave the required RB discussion for ACS+ASCS to the WI stage when to decide the specific number of guard RB for ACS and ASCS cases.
Proposal 2: 6dB as upper bound for LP-WUS power boosting can be considered in the SI stage, however, specific value and the value versus boosted RB number(s) and RB locations should be further discussed in WI stage.
Proposal 3: It is proposed to discuss the viable NF together with SNR in WI phase when to determine the REFSENS for LP-WUR with consideration of the coverage target.
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