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Introduction
RAN4 did not reach agreement on how P-Max is defined in FR2. More specifically RAN4 did not reach agreement on whether the maximum UL power of the UE can be tested and controlled using Total Radiated Power (TRP) or Effective Isotropic Radiated Power (EIRP). 
The impact on RAN2 and a possible way forward is discussed further in this contribution. 
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RAN4
RAN4 discussed the P-Max applicable in FR2 during RAN4#91 [1], but did not reach agreement and the CRs were postponed [2, 3]. RAN4 discussed whether to use TRP or EIRP for P-Max in FR2.
There are currently four different power classes defined in FR2, see Table 6.2.1.0-1 in 38.101-2:
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE


For these four UE power classes the maximum output power both in terms of EIRP and TRP is defined, see Tables 6.2.1.x-2 in 38.101-2:
	Power Class
	Max TRP (dBm)
	Max EIRP (dBm)

	1
	35
	55

	2
	23
	43

	3
	23
	43

	4
	23
	43


For a cell in FR1 it is specified in section 6.2.1 in 38.101-1 that the UE shall apply the maximum output power of the power class when p-Max IE is omitted in System Information. For a cell in FR2 this is not captured 38.101-2, i.e. RAN4 did not reach agreements on how the maximum output power of the UE can be tested and controlled in FR2. When the p-Max IE is omitted in System Information 38.331 specifies that the UE shall applies the maximum power according to TS 38.101-1 in FR1, i.e. FR2 is not covered. 
RAN2
The RAN2 CRs were also postponed, pending RAN4 progress [4, 5]. 
Discussion
About the need to define P-Max in FR2
In a standalone deployment scenario in NR, there can be a need to control the maximum output power of the UE, e.g. to reduce the amount of interference caused by the UE in a hospital environment:
Observation 1: When P-Max is not defined in FR2, i.e. the maximum UL output power of the UE cannot be tested and controlled, then there can be use cases where the UE causes harmful interference.
RAN2 impact: 38.304
The UE power class is used in the Pcompensation factor in the cell selection criterion S (see section 5.2.3.2 in 38.304). The UE shall not select or re-select to a cell that is not suitable, i.e. a cell that does not meet the cell selection criterion S. 
The power class compensation factor can be used to prevent a low power class UE to access a cell when the maximum UL power of the UE is insufficient, and thereby reducing potential interference (e.g. at cell border or in poor coverage areas):
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp
Pcompensation = max(PEMAX1 –PPowerClass, 0)
For example when the P-Max of the cell (PEMAX1) is set to 23, and the maximum UL power of the UE is 14, then this low power class UE receives a -9 dB penalty, i.e. experiences 9 dB less coverage. 
The power class compensation factor, when used in combination additionalSpectrumEmission and additionalPmax in the NR-NS-PmaxList, can also be used to give a high power class UE an advantage, i.e. provide better/more coverage:
Pcompensation = max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB)
For example when the P-Max of the cell (PEMAX1) is set to 23, and the maximum UL power of the high power class UE is 35, then this high power class UE receives a +12 dB advantage when additionalPmax of 35 (PEMAX2) is provided in the NR-NS-PmaxList, i.e. experiences 12 dB better coverage compared to a default UE supporting 23.
Observation 2: When P-Max is not defined in FR2 then the NW cannot prevent a low power class UE from accessing the cell, in cases where the maximum UL power of the UE is not sufficient.
Observation 3: When P-Max is not defined in FR2 then the NW cannot enable cell access for high power class UE in areas where the maximum UL power of default/normal UEs is not sufficient (e.g. cell border or indoor penetration).
TS 38.304 currently only refers to 38.101-1 when the UE power class and P-Max is used to determine the cell selection criterion in section 5.2.3.2. Strictly speaking this implies that the UE cannot determine if a cell in FR2 is suitable to camp on. 
RAN2 impact: 38.331
The maximum UL power of the UE in the (serving) cell (see PcMAX,f,c in 38.213) is limited by the p-Max value broadcasted in SIB1 (see p-Max value for NUL and SUL in FrequencyInfoUL-SIB IE). 
The p-Max value broadcasted in SIB1 also determines if the cell is suitable to camp on. The p-Max value broadcasted in SIB2 (intra-frequency) and SIB4 (inter-frequency) determines if the neighbour cell is suitable to re-select to. 
Observation 4: When P-Max is not defined in FR2 then the UE cannot determine if the serving cell (SIB1) is suitable to camp on.
Observation 5: When P-Max is not defined in FR2 then the UE cannot determine if the intra-frequency neighbour cell (SIB2) or inter-frequency neighbour cell in NR (SIB4) is suitable to re-select to. 
Proposed way forward
When P-Max is not defined in FR2 then there is a general problem that the output power of the UE in FR2 cannot be tested and controlled. In addition there are specific RAN2 issues:
1. Cell selection and cell re-selection to a cell in FR2 is not defined, because the UE cannot determine Pcompensation as part of the cell selection criterion S.
2. When p-Max IE is omitted in system information the default value to be used by the UE is not defined (for serving cell and intra-frequency/inter-frequency neighbour cells in FR2).
In case RAN4 is not able to agree on P-Max applicable in FR2 for REL-15, then RAN2 needs to resolve the two issues mentioned above: 
Option 1:
Proposal 1: In REL-15 the UE shall assume that Pcompensation is zero for a cell in FR2.
Option 2:
Proposal 1: In REL-15 the UE shall use TRP when calculating Pcompensation for a cell in FR2, but no test cases are defined for the maximum UL power of the UE for a cell in FR2, i.e. this is left to UE implementation.
Option 2 is considered the preferred way forward, as it is forward compatible when RAN4 agrees to use TRP to control the UL power [6].  
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Observation 1: When P-Max is not defined in FR2, i.e. the maximum UL output power of the UE cannot be tested and controlled, then there can be use cases where the UE causes harmful interference.
Observation 2: When P-Max is not defined in FR2 then the NW cannot prevent a low power class UE from accessing the cell, in cases where the maximum UL power of the UE is not sufficient.
Observation 3: When P-Max is not defined in FR2 then the NW cannot enable cell access for high power class UE in areas where the maximum UL power of default/normal UEs is not sufficient (e.g. cell border or indoor penetration).
Observation 4: When P-Max is not defined in FR2 then the UE cannot determine if the serving cell (SIB1) is suitable to camp on.
Observation 5: When P-Max is not defined in FR2 then the UE cannot determine if the intra-frequency neighbour cell (SIB2) or inter-frequency neighbour cell in NR (SIB4) is suitable to re-select to. 
Proposal 1: In REL-15 the UE shall use TRP when calculating Pcompensation for a cell in FR2, but no test cases are defined for the maximum UL power of the UE for a cell in FR2, i.e. this is left to UE implementation.
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