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1 Introduction
In RAN4#110bis, the discussion on BS RF requirements for LP-WUS/LP-WUR has commenced with the following way forward agreed [1]:
	2. On the definition of dynamic range for LP-WUS (DL power boosting)
Way forward: 
· Concept of LP-WUS dynamic range/power boosting is considered as starting point
· 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).
· 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.

3. On what can be considered for the future discussion on dynamic range for LP-WUS (DL power boosting)
FFS: 
· 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
· Others



In this contribution, we further discuss the dynamic range for LP-WUS for BS and propose to introduce EPRE ratio instead.
2 Discussion
Definition of dynamic range (LP-WUS power boosting)
As agreed in the WF [1], the starting point for the definition of dynamic range for LP-WUS is: 
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).
Compared with that the dynamic range of NB-IoT for NR in-band operation [2]:
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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).



It is very similar by replacing NB-IoT with LP-WUS. Mathematically, suppose the number of PRBs is NRB for the whole NR carrier, of which NLP_RB is occupied by LP-WUS, and further let’s denote βEPRE as the energy per RE for none LP-WUS REs, and βEPRE_LP is the energy per RE for LP-WUS REs, then the power dynamic range for LP-WUS δLP can be expressed as the following equation:
                         (1)
Eq. (1) can be further simplified as:
=              (2)
Where α is the ratio of energy per RE between LP-WUS and none LP-WUS signals.
The above equation is also applicable to NB-IoT, i.e., corresponding to , i.e., , hence, when the power boosting  is +3dB, the EPRE ratio α is , and +6dB power boosting corresponds to an EPRE ratio .
Observation 1: For NB-IoT, the power dynamic range is roughly equal to the EPRE ratio between NB-IoT and NR.
Similarly, for a 5MHz LP-WUS signal, , . If the EPRE ratio is +3dB, +6dB and +9dB repsectively, the corresponding dynamic range of LP-WUS is the following table for different channel bandwidths:
Table – 1 Dynamic range for LP-WUS
	EPRE ratio (dB)
	CBW 10MHz 
	CBW 20MHz
	CBW 30MHz
	CBW 40MHz
	CBW 50MHz

	+3dB
	1.3 dB
	2.1 dB
	2.4 dB
	2.5 dB
	2.6 dB

	+6dB
	2.1 dB
	3.7 dB
	4.4 dB
	4.7 dB
	4.9 dB

	+9dB
	2.5 dB
	4.4 dB
	5.3 dB
	5.8 dB
	6.1 dB



From the table above, it can be observed that the dynamic range for LP-WUS differs for different channel bandwidth for a given EPRE ratio, and it is not like NB-IoT. This is due to LP-WUS occupies a larger bandwidth (5MHz vs. 180kHz).
Observation 2: Due to a larger occupancy of bandwidth, the power dynamic range of LP-WUS varies with NR channel bandwidth for a given EPRE ratio between LP-WUS and NR signal.
In this case, we think that it is more straightforward to introduce EPRE ratio between LP-WUS and NR signals instead of power dynamic range.
Proposal 1: RAN4 to specify requirements of EPRE ratio between LP-WUS and NR signals instead of power dynamic range.

Applicable BS types
For the sake of deployment flexibility, there should be no restriction on applicable BS types, e.g., BS type 1-C, 1-H and 1-O should be applicable.
Proposal 2: RAN4 not to set a restriction on applicable BS types for LP-WUS.

Power degradation of RBs other than LP-WUS signal within the carrier
The power degradation of RBs other than LP-WUS signal within the NR carrier can be calculated if keeping the total power unchanged according to the following equation:
      (3)
Where 
·  is the EPRE of RBs without transmitting LP-WUS
·   is the EPRE of RBs other than LP-WUS when transmitting LP-WUS
Consequently, the power degradation of RBs other than LP-WUS signal with the NR carrier is represented as :
            (4)
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Fig. 1, power degradation of RBs other than LP-WUS signal
Fig. 1 illustrates power degradation with regards to different EPRE ratios for different channel bandwidths. If we represent a configuration for LP-WUS via (EPRE ratio, channel bandwidth), significant power degradation may be observed for some configurations, e.g., (9, 10), (9, 20) etc. 
Observation 3: Significant power degradation is observed for some configurations representing by (EPRE ratio, channel bandwidth).
Hence, we need to set a limit for power degradation for validating a configuration for LP-WUS, e.g., 2dB. Under this limit, LP-WUS should not be enabled for 9dB EPRE ratio with 10MHz channel bandwidth.
Proposal 3: RAN4 to consider a power degradation limit, e.g., 2dB, for validating a configuration for LP-WUS representing by (EPRE ratio, channel bandwidth). 

BS power boosting declaration
One of the main reasons for necessitating power boosting in BS primarily stems from the requirement to ensure consistent coverage of LP-WUS. Therefore, if a BS is to support LP-WUS, it must fulfil all relevant LP-WUS requirements, including power boosting.
Proposal 4: BS power boosting requirements should be satisfied by a BS supporting LP-WUS.
3 Conclusion
In this contribution, we have the following observations and proposals on the BS RF requirements for LP-WUS/LP-WUR:
Observation 1: For NB-IoT, the power dynamic range is roughly equal to the EPRE ratio between NB-IoT and NR.
Observation 2: Due to a larger occupancy of bandwidth, the power dynamic range of LP-WUS varies with NR channel bandwidth for a given EPRE ratio between LP-WUS and NR signal.
Observation 3: Significant power degradation is observed for some configurations representing by (EPRE ratio, channel bandwidth).

Proposal 1: RAN4 to specify requirements of EPRE ratio between LP-WUS and NR signals instead of power dynamic range.
Proposal 2: RAN4 not to set a restriction on applicable BS types for LP-WUS.
Proposal 3: RAN4 to consider a power degradation limit, e.g., 2dB, for validating a configuration for LP-WUS representing by (EPRE ratio, channel bandwidth).
Proposal 4: BS power boosting requirements should be satisfied by a BS supporting LP-WUS.
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