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1. Introduction
The contribution proposes P-Max of UE maximum output power in 5G NR RF conformance spec TS 38.521-1. 
2. Discussion

2.1 P-Max is a key factor for the value of UE’s TRP
Due to the power loss in antenna, there is an obvious difference between the value of “TRP” and the value of “UE Tx” which have been shown in Figure 1 and Table 1 [1] as follows:
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Figure 1 The architecture of UE
	
	UE Tx (dBm)
	FS TRP
	HL/HR TRP (dBm)

	High Band (Power class 3)
	21.3
	17.7
	13

	(2.3GHz – 2.7 GHz)
	
	
	

	High Band (Power class 2)
	24.8
	20.2
	16.5

	(2.3GHz – 2.7 GHz)
	
	
	

	Mid Band (Power class 3)
	20.5
	18.2
	12.9

	(1.7 GHz – 2.1 GHz)
	
	
	

	Low Band (Power class 3)
	22.9
	18
	11.8

	(600MHz – 800MHz GHz)
	
	
	


Table 1 Real UE TRP performance
There is a very big imbalance of 3.5 GHz 5G NR between uplink and downlink coverage, and we need to increase the uplink coverage (see doc R4-1703336 [2]). The real UE TRP is very important for the uplink coverage. 
Generally speaking, there are 2 methods to improve the real UE TRP. One method is to improve the efficiency of the antenna to reduce the power loss in the antenna. And the other method is to improve the UE Tx which is a commonly used and effective method. 
Compared with the 4G smartphones, the 5G NR smartphones will have to support more bands. What’s more, considering of the 4Rx and 2Tx requirements of 5G NR, the 5G NR smartphones will have more antennas. If 5 inches is still the mainstream size of the 5G NR smartphones, there will be much less space left for the antennas in 5G NR smartphones. So there will be much bigger challenges for the improvement of the antennas’ efficiency for the 5G NR smartphones.
Observation 1: It will be difficult to improve the antennas’ efficiency of the 5G NR smartphones due to the limited spaces.
As shown in Table 1, comparing “High Band (Power class 3) (2.3GHz – 2.7 GHz)” and “High Band (Power class 2) (2.3GHz – 2.7 GHz)”, increasing the value of “UE Tx” helps a lot in improving the value of UE TRP.

Observation 2: To increase the value of “UE Tx” will be helpful to the improvement of the 5G NR smartphones’ TRP.
According to the R&D plans of the 5G NR device component vendors (eg: Qorvo, Skyworks, etc.), RF Front-end Modules are the mainstream for the 5G NR smartphones’ RF components due to the less-of-insertion-loss and ease-of-use. And the component vendors are very confident in the realization of no-less than 26dBm at the antenna port which has been shown as Point “A” in Figure 1 ( see doc R4-1706068[3] and R4-1803259[4]). 
Observation 3: It is realizable to increase the value of “UE Tx” which will be helpful to the improvement of the 5G NR smartphones’ TRP.
	Band
	UE Power Class
	P-Max
	MOP of UE Tx(dBm)

	Band 41
	3
	23
	23±2

	
	
	26
	23±2

	
	
	NULL
	23±2

	Band 41
	2

	23
	23

	
	
	26
	26±2

	
	
	NULL
	26±2

	Band 14
	1

	23
	23±2

	
	
	26
	26±2

	
	
	NULL
	31 +2/-3


Table 2 MOP of UE with different UE Power Class and P-Max

However, as shown in Table 2, UE Tx shall be limited by P-Max. For example, for a PC2 UE, MOP of UE Tx could only be high up to 23dBm when the P-Max is 23.

Observation 4: P-Max is a key factor for increasing “UE Tx”
Proposal 1: The value of P-Max should be set basing on considerations of the UE TRP.
2.2 The value of P-Max for UE Maximum Output Power test case
As indicated in TS 38.331 (v15.1.0) protocol specification [5], maximum power for NR is defined as follows:
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

Observation 5: As long as it is permitted by the local Regulator Agencies, the P-Max could be set high up to “33” in theory.
ConfigRestrictInfoSCG ::=

SEQUENCE {


allowedBC-ListMRDC



BandCombinationIndexList







OPTIONAL,


allowedBPC-ListMRDC



BPC-IndexList










OPTIONAL,


powerCoordination-FR1



SEQUENCE {



p-maxNR






P-Max











OPTIONAL,



p-maxEUTRA





P-Max











OPTIONAL

}





















OPTIONAL,


servCellIndexRangeSCG


SEQUENCE {



lowBound





ServCellIndex,



upBound






ServCellIndex

}





















OPTIONAL,   -- Cond SN-Addition


maxMeasFreqsSCG-NR




INTEGER(1..maxMeasFreqsMN)







OPTIONAL,


...

}

……
Observation 6: Both p-maxNR and p-maxEUTRA are OPTIONAL.
	CG-ConfigInfo field descriptions

	……

	p-maxEUTRA

Indicates the maximum power for EUTRA (see TS 36.104 [XX]) the UE can use in LTE MCG.

	p-maxNR

Indicates the maximum power for NR (see TS 38.104 [12]) the UE can use in NR SCG.


The p-maxNR has not been specified in TS 38.521-1 yet. However, p-maxNR is a critical parameter for the improvement of the 5G NR smartphones’ TRP. A bigger p-maxNR will allow the UE to have higher UE Tx at the antenna port which is helpful to improve the UE’s TRP.
As indicated in TS 38.101-1 RF specification [6], UE maximum output power is described as follows:

If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:

-
if the band is a TDD band and 50% or more slots in radio frame are used for UL transmission; or

-
if the IE P-Max as defined in TS 38.331 [?] is not provided; or

-
if the IE P-Max as defined in TS 38.331 [?] is provided and set to the maximum output power of the default power class or lower;

-
apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in sub-clause 6.2.5;

-
else (i.e the IE P-Max as defined in TS 38.331 [?] is provided and set to the higher value than the maximum output power of the default power class):

-
apply all requirements for the supported power class and set the configured transmitted power class as specified in sub-clause 6.2.5;

When the P-Max for FR1 has been set to “NULL”, there is no limitation on “UE Tx” (see Point A in Figure 1) from p-maxFR1 anymore, and the UE’s maximum output power will just follow the UE’s naturally supported power class. What’s more, when the P-Max for FR1 has been set to “NULL”, both PC2 UE and PC3 UE could reach its own maximum output power, respectively. The value of P-Max does not need to be changed according to the different UE power classes. For example, as shown in Table 2, when the P-Max has been set to “NULL”, for the Power Class 2 UEs the allowed UE maximum output power will just follow the requirements for Power Class 2 UE, and for the Power Class 3 UEs the allowed UE maximum output power will just follow the requirements for Power Class 3 UE. In other words, when the P-Max has been set to “NULL”, UE’s maximum output power equals the allowed maximum output power by the UE power class and could show UE’s natural maximum capability of output power. And this could verify that the error of the UE maximum output power does not exceed the range prescribed by the specified nominal maximum output power and tolerance, just like the “Test purpose” of the test case of “UE Maximum Output Power” says. 
Observation 7: When the P-Max has been set to “NULL”, the maximum output power will just follow the UE’s supported power class and the test results could show UE’s natural maximum capability of output power.
Observation 8: When the P-Max  has been set to “NULL”, both PC2 UE and PC3 UE could reach its own maximum output power, respectively. The value of P-Max does not need to be changed according to the different UE power classes.
If we want to verify P-Max’s control capability on UE’s MOP, we could refer to the test case of “Configured UE transmitted Output Power”, just like the “Test purpose” says “to verify the UE does not exceed the minimum between the PEMAX maximum allowed UL TX Power signalled by the E-UTRAN and the PUMAX maximum UE power the UE power class”
Proposal 2: P-maxFR1’s value in the test case of “UE maximum output power” should be set to “NULL” in TS 38.521-1.
Conclusions

Observation 1: It will be difficult to improve the antennas’ efficiency of the 5G NR smartphones due to the limited spaces.
Observation 2: To increase the value of “UE Tx” will be helpful to the improvement of the 5G NR smartphones’ TRP.
Observation 3: It is realizable to increase the value of “UE Tx” which will be helpful to the improvement of the 5G NR smartphones’ TRP.
Observation 4: P-Max is a key factor for increasing “UE Tx”.
Proposal 1: The value of P-Max should be set basing on considerations of the UE TRP.
Observation 5: As long as it is permitted by the local Regulator Agencies, the P-Max could be set high up to “33” in theory.
Observation 6: Both p-maxNR and p-maxEUTRA are OPTIONAL.
Observation 7: When the P-Max has been set to “NULL”, the maximum output power will just follow the UE’s supported power class and the test results could show UE’s natural maximum capability of output power.
Observation 8: When the P-Max  has been set to “NULL”, both PC2 UE and PC3 UE could reach its own maximum output power, respectively. The value of P-Max does not need to be changed according to the different UE power classes.
Proposal 2: P-maxFR1’s value in the test case of “UE maximum output power” should be set to “NULL” in TS 38.521-1.
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