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1 Background

A P-Max limit for the UE uplink power has also been discussed for FR2. This could be motivated by e.g. different regulatory upper EIRP limits for a operating band in different geographical regions. The problem for an EIRP indication is that the value range of the P-Max IE has an upper limit of +33 dBm, which is lower than the maximum power for all power classes: 
–
P-Max
The IE P-Max is used to limit the UE's uplink transmission power on a carrier frequency, see TS 38.101 [14].

P-Max information element

-- ASN1START

-- TAG-P-MAX-START

P-Max ::=






INTEGER (-30..33)

-- TAG-P-MAX-STOP

-- ASN1STOP

One resolution is to extend the range of P-Max in 38.331, but this ASN.1 change is not obvious at this late stage. In this contribution we discuss another resolution by which a power-class dependent offset is added to the P-Max indicated in the specification of the maximum output power the 38.101-2. 
The P-Max field can be defined at the antenna port for FR1 and a radiated EIRP limit for FR2. A limit for the TRP has also been discussed. However, this would require a new IE in 38.331 with two fields: one for EIRP and another for the TRP.  
2 P-Max range for different power classes
The power offset to the P-Max indicated would depend on the power range of the power classes. For each power class, the offset should be such that the resulting power limit (P-Max with offset) exceeds the minimum output power and is large enough to cover a maximum EIRP limits for all bands in FR2 relevant for the UE form factor associated with the power class.
The minimum controlled output power of the UE is defined as the EIRP in the channel bandwidth for all transmit bandwidth configurations when the power is set to a minimum value, for power class 1-4:
Table 6.3.1.1-1: Minimum output power for power class 1

	Operating band
	Channel bandwidth

(MHz)
	Minimum output power

(dBm)
	Measurement bandwidth

(MHz)

	n257, n258, n260, n261
	50
	4
	47.52

	
	100
	4
	95.04

	
	200
	4
	190.08

	
	400
	4
	380.16


Table 6.3.2-1: Minimum output power for power class 2, 3, and 4

	Operating band
	Channel bandwidth

(MHz)
	Minimum output power

(dBm)
	Measurement bandwidth

(MHz)

	n257, n258, n260, n261
	50
	-13
	47.52

	
	100
	-13
	95.04

	
	200
	-13
	190.08

	
	400
	-13
	380.16

	NOTE 1:
n260 is not applied for power class 2.


The maximum output power for the power classe
Table 6.2.1.1-2: UE maximum output power limits for power class 1

	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	35
	55

	n258
	35
	55

	n260
	35
	55

	n261
	35
	55


Table 6.2.1.2-2: UE maximum output power limits for power class 2

	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	23
	43

	n258
	23
	43

	
	
	

	n261
	23
	43


Table 6.2.1-2: UE maximum output power limits for power class 3

	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	23
	43

	n258
	23
	43

	n260
	23
	43

	n261
	23
	43


Table 6.2.1.4-2: UE maximum output power limits for power class 4

	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	23
	43

	n258
	23
	43

	n260
	23
	43

	n261
	23
	43


Given the range (-30,33) dBm, adding a 35 dB offset for power class 1, for example, would yield a range (5, 68) dBm. For power class 2-4 an offset of 20 dB would yield the range (-10,53) dBm. The upper limits exceed the maximum limits specified for the existing operating bands.
It is remarked that it may not be possible use different offsets for the power classes due to power class fall-back operation if applicable. This should be discussed with RAN2. 

3 Changes to Pcmax with 38.331 unchanged
The offset to the P-Max indicated by RRC would be applied to the limits of the configured output power as follows:
6.2.4
Configured transmitted power

The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement in each receiver branch as specified in 38.215.

The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds

MIN(PEMAX,c + ∆PEMAX, PPowerclass – MAX(MPRf,c, P-MPRf,c) – MAX{T(MPRf,c), T(P-MPRf,c)}) ≤ PUMAX,f,c ≤ 
MIN(PEMAX,c + ∆PEMAX, EIRPmax)
while the corresponding measured total radiated power PTMAX,f,c is bounded by

PTMAX,f,c ≤ TRPmax
with PPowerclass the UE power class as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1, MPRf,c as specified in sub-clause 6.2.2, P-MPRf,c the power management term for the UE and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1. The tolerance T(∆P) for applicable values of ∆P (values in dB) is specified in Table 6.2.4-1.

Table 6.2.4-1: PUMAX,f,c tolerance

	Operating Band
	∆P (dB)
	Tolerance T(∆P)

(dB)

	n257, n258, n260, n261
	 P = 0 
	0

	
	0 < P ≤ 2
	[1.5]

	
	2 < P ≤ 3
	[2]

	
	3 < P ≤ 4
	[3]

	
	4 < P ≤ 5
	[4]

	
	5 < P ≤ 10
	[5]

	
	10 < P ≤ 15
	[7]

	
	15 < P ≤ X
	[8]

	NOTE:
X is the value such that Pumax,f,c lower bound,  PPowerclass - P – T(P) = minimum output power specified in subclause 6.3.1


T
Table 6.2.4-1: Offset for P-Max indication PEMAX
	Power class
	∆PEMAX
(dB)

	1 
	35

	2 
	20

	3
	20

	4
	20


Introduction of an additional P-Max indication for TRP would require an ASN.1 change.
4 Conclusion
The problem for a possible introduction of a P-Max indication for FR2 in terms of EIRP indication is that the value range of the P-Max IE has an upper limit of +33 dBm not covering all FR2 power classes. This could be resolved by adding power-class dependent offset to the P-Max indicated in the specification of the maximum output power the 38.101-2, hence not requiring ASN.1 changes. An LS informing RAN2 about this option is provided in [1].
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