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Introduction
The discussion on BS RF for Rel-19 LP-WUS was initiated in last RAN4 meeting, and the WF for following discussion can be found at [1], in which the preliminary definition of dynamic range is provided, and some aspects relevant to dynamic range for further study are also listed.
This contribution provides our further consideration based on the WF.
Discussion
To start the evaluation of power booting for LP-WUS, an aligned understanding of the definition would be helpful for the discussion. According to the WF, the following definition is considered as starting point. 
-	Concept of LP-WUS dynamic range/power boosting is considered as starting point
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]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 and the average power over all REs (from both LP-WUS and the NR carrier containing the LP-WUS REs).
The above definition is similar to that of NB_IoT. Generally, we think such definition is fine to be adopted for LP-WUS. Specifically, the last sentence with additional explanation, i.e. from both LP-WUS and the NR carrier containing the LP-WUS REs, clarifies that the power is shared by LP-WUS and NR signals. In addition, owing to the similarity of the definition to NB_IoT, it would be easier for the engineers to compare it with NB_IoT from implementation perspective. 
Proposal 1: Similar definition of power boosting as that for NB_IoT should be adopted for LP-WUS.
For power boosting, especially considering the power sharing between LP-WUS and NR, there are some assumptions agreed:
-	With following assumption to guide future discussion, RAN4 will revisit the above concept after BS core requirements are settled.
· Transmission power is shared between NR OFDM signal and NR LP-WUS for the same carrier. 
· The rated carrier output power and rated total output power are not changed with LP-WUS power boosting.
With above assumption, also with consideration of CBW of LP-WUS and operating bands in [2], we can further elaborate the power booting impact to NR signal due to power sharing with example of 10MHz, 20MHz and 50MHz CBW. The rated carrier output power is not changed during the boosting. 15kHz SCS and corresponding RB numbers for each CBW is used in the analysis.
For 10MHz CBW, suppose all 24RBs of LP-WUS are transmitting, but only some of them can boost 6dB power compared to the average power for all RBs including both LP-WUS and NR. It can be seen in Figure 1 that with increasing of number of LP-WUS RBs supporting power boosting, the per RB output power for NR would be decreased. The NR power could be reduced by 3dB if 6 WUS RBs boost the power by 6dB. Or if we keep the power of NR per RB unchanged, the available RBs for NR should be reduced as shown in the right figure. 
[image: ]  [image: ]
Figure 1: Power reduction for NR vs power boosting of some LP-WUS RBs 
(all WUS RB are transmitting)
If all RBs for LP-WUS can be boosted, the power reduction for NR RBs would be increased dramatically especially for smaller CBWs. Figure 2 illustrates the impact for 10MHz, 20MHz and 50MHz CBWs.
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Figure 2: Power reduction for NR vs power boosting of LP-WUS RBs for different CBWs 
(all WUS RB are transmitting)
It is observed that power degradation for small CBW is severe even with 3dB power boosting of LP-WUS. For example, if all RBs for LP-WUS in 5MHz bandwidth are boosted with 3dB, almost all power in 10MHz carrier would be occupied by LP-WUS, which is not acceptable for the real deployment. 
Though operating bands are not discussed in BS session, the conclusion of the issue could also have impact on the discussion of BS dynamic range, since most lower bands could be operated with smaller CBW, e.g. less than 20MHz. Given above analysis, it is worth considering whether power boosting should be considered together with applicable CBW as well as operating bands. One possible way is to limit power boosting only to larger CBWs, the specific CBW as a threshold could be further discussed.
Observation 1: Power boosting of LP-WUS could have big impact on small CBW.
Proposal 2: FFS whether LP-WUS power boosting, if supported, should be only considered for larger CBWs, e.g. >20MHz.
The following aspects were also discussed in last RAN4 meeting. 
-	The applicable BS types. e.g. BS type 1-C, BS type 1-H and BS type 1-O
-	Power degradation of RBs other than LP-WUS signal within the carrier
-	Whether BS power boosting is declaration based or not
Regarding applicable BS types, at least type 1-C could be considered for LP-WUS power boosting. While for type 1-H and type 1-O, normally mapped to AAU, due to the complication of baseband, better to have more time to check the feasibility or necessity to support the power boosting. 
Proposal 3: Consider BS type 1-C as applicable type to further discuss of LP-WUS power boosting. FFS other BS types.
For manufacturer’s declaration, it is specified in the BS conformance test specification, e.g. reference in [3] for FR1. The following part relevant to NB-IoT power boosting are copied from [3].
Table 4.6-1 Manufacturer declarations for BS type 1-C and BS type 1-H conducted test requirements
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-C
	BS type 1-H

	D.41
	NB-IoT operation
	Manufacturer shall declare the support of NB-IoT operation in NR in-band and the number of supported NB-IoT carriers in total and for each supported band, frequency range and channel bandwidth.
	x
	

	D.43
	NB-IoT power dynamic range
	If the BS supports NB-IoT operation in NR in-band, manufacturer shall declare the maximum power dynamic range it could support with a minimum of +6dB or +3dB as specified in clause 6.3.4 of TS 38.104 [2] (Note 5).
	x
	


Manufacturer declaration is the usual way adopted by BS for some implementation feature as well as the capability, which can also be considered for LP-WUS power dynamic range if power boosting is justified as feasible based on further evaluation. On the other hand, it is noticed that NB_IoT is a narrow band system, the boosted power for NB_IoT is one or a few RBs, which is different from LP-WUS. Therefore, whether 3dB as minimum requirement could be supported relies on the discussion on aforementioned CBW and BS type issues. Furthermore, to reduce the impact on NR coverage, if power boosting is supported, whether a cap should be considered also needs further study and discussion.
Proposal 4: Manufacturer declaration should be considered at least in the conformance test spec if LP-WUS power boosting is supported. FFS whether 3dB as minimum requirement is feasible in conjunction with consideration of supported CBWs. FFS whether cap should be considered for sake of less impact on legacy NR coverage.
Besides dynamic range requirement, other requirements have not been discussed in SI and the first meeting of Rel-19 for LP-WUS. It is understandable the introduction of LP-WUS should have minimum impact for the BS implementation as legacy BS should also be considered to enable the feature. Therefore, we think that not all the transmitter requirements need to be defined for LP-WUS. However, some requirements could be relevant to regulation, e.g. SEM and spurious emissions, and some are relevant to the signal quality, which is make sure the signal could be demodulated properly, e.g. EVM. As LP-WUS is embedded in NR signal and sending out together, we think not all Tx should be defined for LP-WUS. For the unwanted emissions, ACLR is for purpose of co-existence, but specifically for LP-WUS, if unwanted emissions deemed to be considered, we think that SEM and spurious would be enough for the transmitted combined both LP-WUS and NR signals. 
As for the transmitted signal quality, due to the inherent characteristics of low-order modulation in LP-WUS OOK signals, EVM metrics are not expected to be a bottleneck. Furthermore, frequency error can be ensured through testing with NR signal only. From a perspective of simplifying testing, we believe that the consideration of transmitted signal quality may be unnecessary, or even if EVM is considered for LP-WUS, testing could be exempted.
Proposal 5: Besides dynamic range requirement, not all transmitter requirements should be specified for the scenario where LP-WUS in embedded in a NR carrier. FFS which Tx requirements should be considered for LP-WUS.
Proposal 6: Unwanted emissions requirements of SEM and spurious emissions should be considered for transmitted signal with LP-WUS and NR in the same carrier. 
Proposal 7: FFS whether transmitted signal quality requirements should be defined for LP-WUS, at least for the EVM requirement. 
[bookmark: _GoBack]
Conclusion
This contribution provides our further consideration on BS RF part for LP-WUS, specifically for power boosting. 
Proposal 1: Similar definition of power boosting as that for NB_IoT should be adopted for LP-WUS.
Observation 1: Power boosting of LP-WUS could have big impact on small CBW.
Proposal 2: FFS whether LP-WUS power boosting, if supported, should be only considered for larger CBWs, e.g. >20MHz.
Proposal 3: Consider BS type 1-C as applicable type to further discuss of LP-WUS power boosting. FFS other BS types.
Proposal 4: Manufacturer declaration should be considered at least in the conformance test spec if LP-WUS power boosting is supported. FFS whether 3dB as minimum requirement is feasible in conjunction with consideration of supported CBWs. FFS whether cap should be considered for sake of less impact on legacy NR coverage.
Proposal 5: Besides dynamic range requirement, not all transmitter requirements should be specified for the scenario where LP-WUS in embedded in a NR carrier. FFS which Tx requirements should be considered for LP-WUS.
Proposal 6: Unwanted emissions requirements of SEM and spurious emissions should be considered for transmitted signal with LP-WUS and NR in the same carrier. 
Proposal 7: FFS whether transmitted signal quality requirements should be defined for LP-WUS, at least for the EVM requirement. 
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