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1. Introduction
In this contribution, we discussed the definition of LP-WUS power boosting and its impact. Considering that LP-WUS power boosting will result in the power reduction of the left NR signals in the same carrier and deteriorate NR coverage, we think it is necessary to set an upper bound for LP-WUS power boosting.
2. Discussion
2.1	Definition of LP-WUS power boosting
LP-WUS power boosting is firstly introduced in RAN1’s LS [1] in RAN4 #107 meeting, where power boosting is defined as the difference between the average power of LP-WUS REs and the average power of PDSCH REs:
	[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





Then, RAN4 agree to study whether gNB can boost WUS of 24 RB with X dB., e.g X = 3 or 6 dB based on the information from RAN1 LS[1].
However, in NB-IoT section of TS38.104, we have different definition of power boosting, where it is defined as the difference between the average power of NB-IoT REs and the average power over all REs:
	[Clause 6.3.4.1 in TS38.104]
The NB-IoT RB power dynamic range (or NB-IoT power boosting) is the difference between the average power of NB-IoT REs (which occupy certain REs within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel) and the average power over all REs (from both NB-IoT and the NR carrier containing the NB-IoT REs).


In order to avoid divergence and maintain consistency in RAN4 spec, we recommend to align the definition of LP-WUS power boosting with NB-IoT, defined as:
The LP-WUS RB power dynamic range (or LP-WUS power boosting) is the difference between the average power of LP-WUS REs (which occupy certain REs within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel) and the average power over all REs (from both LP-WUS and the NR carrier containing the LP-WUS REs).
Propose 1: Define LP-WUS RB power dynamic range as: The LP-WUS RB power dynamic range (or LP-WUS power boosting) is the difference between the average power of LP-WUS REs (which occupy certain REs within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel) and the average power over all REs (from both LP-WUS and the NR carrier containing the LP-WUS REs).

2.2	Impact of LP-WUS power boosting
As defined in Section 2.1, when there is no LP-WUS power boosting, i.e., power boosting equals to 0 dB, LP-WUS has the same PSD as NR signal. As discussed in SI phase, LP-WUS power boosting may be needed to enlarge the coverage. However, since the total output power of BS is limited, when we increasing the power of LP-WUS, definitely the power of the left NR signals will decrease, as shown in Figure 1, which may deteriorate the coverage of NR signal. 
[image: IMG_256]
Figure 1  Illustration of the impact of LP-WUS power boosting.
Based on the discussion in our previous contribution [2], we update the delta NR power reduction of NR signals in Table 1 when the power of LP-WUS is boosted by 3 dB and 6dB. It can be found that the delta NR RB power reduction becomes smaller as the channel bandwidth increases because of the decreasing proportion of WUS bandwidth, which means the effect of LP-WUS power boosting on NR power becomes lighter. For the small NR channel bandwidth such as 5/10MHz, LP-WUS power boosting would be limited due to larger power for NR decrease, but for wide bandwidth, the impacts on the NR power is small which means more higher power boosting for LP-WUS is permitted.
Table 1  Delta NR power reduction
	Declared BS
power (dBm)
	CBW
(MHz)
	SCS
(kHz)
	N_RB
	LP-WUS RB
	Delta NR power reduction (dB)

	
	
	
	
	
	WUS Boosting 3dB
	WUS Boosting 6dB

	46
	5
	15
	25
	24
	X
	X

	
	10
	15
	52
	24
	-10.20
	X

	
	15
	15
	79
	24
	-2.60
	X

	
	20
	15
	106
	24
	-1.60
	-9.10

	
	25
	15
	133
	24
	-1.10
	-5.20

	
	30
	15
	160
	24
	-0.77
	-3.28

	
	35
	15
	188
	24
	-0.62
	-2.44

	
	40
	15
	216
	24
	-0.58
	-2.10

	
	45
	15
	242
	24
	-0.48
	-1.75

	
	50
	15
	270
	24
	-0.45
	-1.55

	
	60
	30
	162
	12
	-0.39
	-1.33

	
	70
	30
	189
	12
	-0.29
	-0.96

	
	80
	30
	217
	12
	-0.27
	-0.92

	
	90
	30
	245
	12
	-0.21
	-0.72

	
	100
	30
	273
	12
	-0.19
	-0.62



Observation 1: As the power of LP-WUS increases, the power of NR signal decreases, which may deteriorate the coverage of NR signals.
Besides, for the case that LP-WUS is configured at edge or nearly edge, LP-WUS power boosting will deteriorate out-of-band emissions, as shown in Figure 2. According to our preliminary simulation results, for 100MHz channel bandwidth, as LP-WUS power is boosted by 3dB and 6dB, ACLR will decrease about 2.0 dB and 4.4 dB, respectively.
[image: ]
Figure 2  The effect of LP-WUS power boosting on out-of-band emission.
Observation 2: For the case that LP-WUS is configured at edge or nearly edge, LP-WUS power boosting will deteriorate out-of-band emissions.

2.3	LP-WUS power boosting level
As discussed in RAN4 #109 meeting, RAN4 achieved an agreement as follows.
	Issue 1-3-1: Possible LP-WUS power range
Agreements:
· Consider [0~6dB] for LP-WUS power boosting as SI outcome, further discuss in WI for specific value.
· The condition of power boosting can be further discussed in WI phase.
· The number [0~6] is aligned with RAN1 assumption.


SI outcome in TR38.869 set a [6] dB upper bound for LP-WUS power boosting：
	BS manufacturer could declare if power boosting for WUS signal is supported and the boosting level in the range of [0] to [6] dB is considered. Final power boosting level and the condition of power boosting will be decided based on further analysis in WI phase.


However, in our opinion, manufacture declaration and an upper bound limitation is contradictory. We think it may not be proper to define the upper bound since different manufactures have different implementations. How much power can be boosted for LP-WUS depends on the implementations. If manufactures can provide products with good performance on NR signal quality and considerable out-of-band emission suppression, the LP-WUS power boosting should not be limited by the upper bound.
Therefore, we recommend to set a minimum LP-WUS power boosting level for each channel bandwidth. For narrow channel bandwidth, it could be 0 dB considering the effect on the left NR signal. For wide channel bandwidth, it could be 3 dB considering the possible out-of-band emission deterioration, or we can further discuss this value. Then the specific value of LP-WUS power boosting can be manufacture declaration. 
Proposal 2: To set a minimum LP-WUS power boosting for each channel bandwidth, as shown in Table 2, and the specific value of LP-WUS power boosting can be manufacture declaration.
Table 2  Maximum Permitted LP-WUS power boosting for different BW
	Channel BW (MHz)
	Minimum LP-WUS power boosting level (dB)

	5, 10, 15, 20, 25, 30
	0

	35, 40, 45, 50, 60, 70, 80, 90, 100
	[3]



3. Conclusion
Propose 1: Define LP-WUS RB power dynamic range as: The LP-WUS RB power dynamic range (or LP-WUS power boosting) is the difference between the average power of LP-WUS REs (which occupy certain REs within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel) and the average power over all REs (from both LP-WUS and the NR carrier containing the LP-WUS REs).
Observation 1: As the power of LP-WUS increases, the power of NR signal decreases, which will deteriorate the coverage of NR signals.
Observation 2: For the case that LP-WUS is configured at edge or nearly edge, LP-WUS power boosting may deteriorate out-of-band emissions.
Proposal 2: To set a minimum LP-WUS power boosting for each channel bandwidth, as shown in Table 2, and the specific value of LP-WUS power boosting can be manufacture declaration.
Table 2  Maximum Permitted LP-WUS power boosting for different BW
	Channel BW (MHz)
	Minimum LP-WUS power boosting level (dB)

	5, 10, 15, 20, 25, 30
	0

	35, 40, 45, 50, 60, 70, 80, 90, 100
	[3]
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