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1 Introduction
[bookmark: OLE_LINK25][bookmark: OLE_LINK76][bookmark: OLE_LINK94][bookmark: OLE_LINK9]In this contribution, we give some discussions on the guard band and power boosting for LP-WUR based on the last RAN4 WF[1]. 
2	Discussion
[bookmark: OLE_LINK19][bookmark: OLE_LINK42][bookmark: OLE_LINK66][bookmark: OLE_LINK24][bookmark: OLE_LINK23][bookmark: OLE_LINK28]2.1 Guard band
In the last WF, the agreements on guard band placement for ASCS and ACS are:
	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


Comparing with the definition in the TR[2] as below, it can be seen that no matter which options are adopted for ACS, the guard RB definition would be needed to be updated. 
	Editor note: the guard RB definition may be updated next meeting
This Clause captures the study outcome of LP-WUR RF impacts. RAN4 focus on FR1 frequency ranges as first priority, 2.6GHz is selected as an example band for evaluation purpose.
For evaluation purpose, RAN4 define a new term named as guard RB for LP-WUS, which is Granularity of RB. Meanwhile, the traditional guardband for NR channel bandwidth defined in Clause 5.3, TS 38.101-1 is unchanged.
-	Dependings on the LP-WUS location, the LP-WUS guard RBs could be the number of RBs between LP-WUS and other NR signals (edge of LP-WUS RB allocation to nearest edge of eMBB LP-WUS RB allocation), or the number RBs between LP-WUS and nearest edge of guardband (edge of LP-WUS RB allocation to lowest/highest resource in a configured NR transmission bandwidth configuration as in spec TS 38.101-1)


For ASCS, the guard band belongs to “WUS carrier” which is to protect the WUS RB from the adjacent sub-carrier NR signaling. Hence it is reasonable that this guard band cannot be used for NR signal transmission, which is the guard RB within WUS carrier should be blanked.
[bookmark: OLE_LINK31]Proposal 1. For ASCS, the guard RBs belongs to “WUS carrier”, the overall RBs should within “WUS carrier” bandwidth.
- The guard RB within WUS carrier shall be blanked.
For ACS, compare with option 2, we think option 1 is reasonable. In option 2, some WUS RBs are used to be the guard band to guarantee the protection. For example, 2 additional WUS RBs are used for the guard band which means the total WUS number would be reduced from 24RB to 22RB. In addition, we think the guard RB in WUS should be blank which cannot be used for NR signal transmission, so it seems it would impact the WUS performance and also we are not sure what the impacts on RAN1.
For option 1, since the guard RBs are used for the protection from the adjacent NR carrier interference, on top of the guard band within WUS carrier bandwidth, the guard RBs outside the WUS carrier could be still used for NR signal transmission, which is RBs within the offset may not be blanked.
Another issue is which edge should be used as baseline: NR channel edge or NR transmission bandwidth edge? In the WF[3]
	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.


It is clear that the baseline reference is the transmission bandwidth configuration edge, rather than channel edge, in which channel edge includes the traditional NR carrier guard band. In our understanding, the traditional NR carrier guard band cannot be included in the guard RB offset, otherwise the granularity of RB condition would not be met. In addition, and the previous evaluations on how much the guard RB in RAN4 did not consider the traditional NR carrier guard band, otherwise, the previous evaluations on the guard RB number for ACS(i.e. 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.) would also not met. Hence, we think further clarification would be needed.
[bookmark: OLE_LINK32]Proposal 2. For ACS, 
· [bookmark: OLE_LINK36]Option 1: the required RBs are RB offset between WUS carrier bandwidth edge and transmission bandwidth configuration 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
Based on the above, the guard RB definition for WUS for ASCS and ACS can be illustrated in Fig 1. below:
[image: ]
Fig 1. Definition of the required guard RB for LP-WUS
2.2 Power Boosting
For WUS the power boosting, 3 or 6dB was mentioned in RAN1 as it can improve the WUS signal coverage. In our understanding, WUS power boosting means average power of WUS RB relative to the average power over all RBs (both WUS RB and NR carrier containing WUS RB). 
However, in terms of the agreements for the LP-WUS power range in the WF as blow, it seems it becomes a parameter declared by manufacture.
	Issue 1-4-1: Possible LP-WUS power range
Agreements:
[bookmark: OLE_LINK4][bookmark: OLE_LINK37]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.
· [bookmark: OLE_LINK12]Encourage companies to provide analysis in RAN4#109 for upper bound of power boosting level.


[bookmark: OLE_LINK11][bookmark: OLE_LINK5][bookmark: OLE_LINK7][bookmark: OLE_LINK22][bookmark: OLE_LINK10][bookmark: OLE_LINK6]If it is purely declared by manufacture which means there are no requirements defined in TS38.104, then we think it is difficult to define the upper bound x value since different manufactures have different implementations, although power boosting for several RB would cause OOB emission increase and deteriorate EVM. How many power can be boosted for WUS depends on the implementations. This is similar with the multiple carrier operation supported for a gNB, where manufacturer declares maximum supported power difference between carriers(i.e. D.25 in TS38.141-1, D.50 in TS38.141-2), but the maximum power different between carriers are not defined in TS38.104 spec, instead it is just for BS conformance testing.
[bookmark: OLE_LINK33]Proposal 3. If it is purely declared by manufacture which means there are no requirements defined in TS38.104, there is no need to define upper bound of power boosting level.
[bookmark: OLE_LINK1][bookmark: OLE_LINK26]If there are needed to define the power boosting requirements in the TS38.104 spec, then RAN4 should discuss the values in WI phase. The value of 3dB or 6dB seems come from the requirements in TS38.104, but the current RF requirements in the spec are the minimum RF requirements. For power boosting minimum requirements, it means at least xdB power can be boosted, rather than 0~xdB level. For example, in T38.141-1for NB-IoT power boosting as below:
[image: ]
[bookmark: OLE_LINK34]Observation 1. If the Power boosting requirements for WUS signal are defined in TS38.104, it should be minimum requirements, which means at least [x]dB boost level, rather than boosting level from 0 dB to [x]dB.
For ~5MHz WUS carrier power boosting, due to the power for 24RB are boosted at the same time, for example 6dB boosting, which means the WUS power would be increased by 19.8dB (6+10log(24)), then the left power for per NR RB will reduced dramatically. Especially for small NR carrier channel bandwidth. 
[bookmark: OLE_LINK18]In table 1, we give some simple calculations for the delta NR RB power reduction in the case of 3dB and 6dB power boosting for 24RB WUS signal (OFDM-based) for different NR channel bandwidth, in which 2 total guard RBs are considered.
[bookmark: OLE_LINK20]It can be seen that for the small NR channel bandwidth such as 5/10MHz, we think 3dB and 6dB power boosting for WUS are not feasible, and the delta NR RB power reduction become smaller as the NR channel bandwidth increased. Even for 273RB (100MHz NR channel bandwidth), -1.5dB power reduced for NR RB. Here we do not consider the possible intermodulation produce caused by the boosted WUS RB and NR RB, which may fall into in-band/out-of-band region, which would further increase OOB emission and deteriorate EVM.
Table 1. Delta NR RB power reduce
	Declared BS
power (dBm)
	NR RB
	Avg. Power per RB before RB boosting
	[bookmark: OLE_LINK14]Boosting 6dB
	Boosting 3dB

	[bookmark: OLE_LINK15]
	
	
	Power for WUS RB
	[bookmark: OLE_LINK13]Power for left each NR RB
	Delta NR RB power reduction (dB)
	Power for WUS RB
	Power for left each NR RB
	[bookmark: OLE_LINK16][bookmark: OLE_LINK21]Delta NR RB power reduction (dB)

	46
	25
	32.4
	52
	-
	-
	49.2
	-
	-

	
	52
	29
	48.8
	-
	-
	45.8
	18.1
	-10.9

	
	79
	27.1
	46.9
	-
	-
	43.9
	24.5
	-2.6

	
	106
	25.8
	45.6
	16.1
	-9.7
	42.6
	24.3
	-1.5

	
	133
	24.8
	44.4
	20.5
	-4.4
	41.6
	23.7
	-1.1

	
	273
	21.7
	41.5
	20.2
	-1.5
	38.5
	21.2
	-0.4


[bookmark: OLE_LINK2][bookmark: OLE_LINK8]Observation 2. Power boosting for WUS signal(OFDM based) is not always feasible, and it would impact the power for the left NR RB.
[bookmark: OLE_LINK30]Therefore, we think no power boosting is supported for OFDM based LP-WUS. For OOK WUS signal, due to half of TDMed LP-WUS in the time domain are always transmitted with zero power during the ‘0’ status during NR slot, so it is feasible to boost 3dB power for the left ‘1’ status WUS symbols if we consider 0dB power boost for OFDM based LPWUS to keep fairness comparison with OFDM based LP-WUS. 
[bookmark: OLE_LINK35][bookmark: OLE_LINK3]Proposal 4: No power boosting for OFDM based LP-WUS, 3dB power boosting is feasible for OOK based LP-WUS evaluation to keep fairness comparison with OFDM based LP-WUS.
3 Conclusion
In this contribution, we give some initial discussions on guard band definition and power boosting for LP-WUR based on the RAN1’s outcomes. The conclusions are:
Proposal 1. For ASCS, the guard RBs belongs to “WUS carrier”, the overall RBs should within “WUS carrier” bandwidth.
- The guard RB within WUS carrier shall be blanked.
Proposal 2. For ACS, 
· Option 1: the required RBs are RB offset between WUS carrier bandwidth edge and transmission bandwidth configuration 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
Proposal 3. If it is purely declared by manufacture which means there are no requirements defined in TS38.104, there is no need to define upper bound of power boosting level.
Proposal 4: No power boosting for OFDM based LP-WUS, 3dB power boosting is feasible for OOK based LP-WUS evaluation to keep fairness comparison with OFDM based LP-WUS.
Observation 1. If the Power boosting requirements for WUS signal are defined in TS38.104, it should be minimum requirements, which means at least [x]dB boost level, rather than boosting level from 0 dB to [x]dB.
Observation 2. Power boosting for WUS signal(OFDM based) is not always feasible, and it would impact the power for the left NR RB.
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