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1 Introduction

In the last RAN4#98bis-e meeting, in the noted WF[1], perspectives about feasibility on enabling increase of maximum output power are as follows. 
	Background

· UE’s with two PA’s for the same band are more common now

· Configurations such as 23+23, 23+26, 26+23, 26+26 have been discussed

Way forward

· Options for further evaluation

· Remove PPowerClass from PCMAX_H
· Replace PPowerClass with sum or modified sum

· in both PCMAX_H and PCMAX_L, or 

· only in PCMAX_H if still this UE reports PC for CA or

· in both PCMAX_H and PCMAX_L and relax PCMAX_L by the sum - MAX(PC for Band A, PC for Band B) if the UE doesn’t report PC for CA(R4-2104572)

· Define a new power class

· Power boosting

· Other options are not precluded


Besides, in WF[1], possible impacts by increasing UE maximum power high limit shall be considered and collected. Lists below are the collected issues [1]. Additionally, if there are other new possible issues/impacts, they are not precluded.

	Way forward

· The following issues shall be solved before agreeing to enable the increase of maximum output power 

· 1) Possible impact to regulations

· 2) Possible impact to 3GPP specifications 

· 3) Possible need for signaling

· 4) Possible impact to SAR and whether existing mechanisms such as duty cycle need to be enhanced

· 5) Possible impact on RAN4 requirements, such as MPR, emissions, coexistence

· 6) MSD


In this contribution, further perspectives on impacts and observations are provided. 
2 Discussion 
When a UE with two Tx paths capable of delivering 23 dBm (antenna port referred) and 26 dBm, UE is potentially able to reach a maximum output power of 27.8 dBm. We are fine with options above under power-tolerance conformance test 27.8dBm +2/-3, otherwise conformance test could fail. 
In TS 38.521 6.2A, for inter-band CA, UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector. 
Test purpose
To verify that the error of the UE maximum output power in two uplink carrier aggregation does not exceed the range prescribed by the specified nominal maximum output power and tolerance.
An excess maximum output power has the possibility to interfere to other channels or other systems. A small maximum output power decreases the coverage area.
Observation 1: Since an excess maximum output power has the possibility to interfere to other channels or other systems and a small maximum output power decreases the coverage area, power-tolerance test is needed.
Power Tolerance

Regarding defining new power class, we think power-tolerance issue can be solved by defining 27.8dBm +2/-3dB. Option of new power class is clear for power-tolerance test.

Regarding 2 options shown below, we wonder whether they could pass PC2 intra-/inter-band power-tolerance test. Further discussion is needed.    

· Remove PPowerClass from PCMAX_H
· Replace PPowerClass with sum or modified sum
Regarding option of power boosting relevant to power-tolerance test, definition and power-tolerance test of power boosting for PC3 TDD band can be as reference first. As shown below, for Pi/2 BPSK, there is 2dB power boosting for PC3 TDD band. The reference power of 0dB MPR is 26dBm. 
Table 6.2.2.3-1: Maximum power reduction (MPR) for power class 3

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	NOTE 1:
Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0dB MPR is 26dBm.

NOTE 2:
Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 with Pi/2 BPSK modulation and if the IE powerBoostPi2BPSK is set to 0 and if more than 40% of slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79.


And PC3 Pi/2 BPSK power-boosting test tolerance is shown as follows. The reference power of 0dB MPR is 26dBm. Regarding 26dBm with 0dB MPR, the upper limit and lower limit are 25.0+TT and 20.0-TT respectively where test tolerance(TT) is specified in Table 6.2.2.5-5. Therefore, power boosting for CA can use these aforementioned tables as reference for modification for power-tolerance test. 
Table 6.2.2.4.1-1: Test Configuration Table for power class 3 (contiguous allocation)
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest, Highest

	Test Parameters for Channel Bandwidths

	Test ID
	Freq
	Downlink Configuration
	Uplink Configuration

	
	
	N/A for Maximum Power 

Reduction (MPR) test case
	Modulation (NOTE 2)
	RB allocation (NOTE 1)

	13
	Default
	
	DFT-s-OFDM Pi/2 BPSK
	Inner Full

	23
	Low
	
	DFT-s-OFDM Pi/2 BPSK
	Edge_1RB_Left

	33
	High
	
	DFT-s-OFDM Pi/2 BPSK
	Edge_1RB_Right

	43
	Default
	
	DFT-s-OFDM Pi/2 BPSK
	Outer Full

	54
	Default
	
	DFT-s-OFDM Pi/2 BPSK
	Inner Full

	64
	Low
	
	DFT-s-OFDM Pi/2 BPSK
	Edge_1RB_Left

	74
	High
	
	DFT-s-OFDM Pi/2 BPSK
	Edge_1RB_Right

	84
	Default
	
	DFT-s-OFDM Pi/2 BPSK
	Outer Full


Table 6.2.2.5-3: UE Power Class test requirements (for Bands n48, n77, n78, n79) for Power Class 3 (contiguous allocation)
	Test ID
	PPowerClass
(dBm)
	ΔPPowerClass

(dB)
	MPR (dB)
	ΔTC,c (dB)
	PCMAX_L,f,c (dBm)
	T(PCMAX_L,f,c) (dB)
	TL,c
(dB)
	Upper limit (dBm)
	Lower limit (dBm)

	1
	23
	-3
	0.2
	0
	25.8
	2.0
	3
	28.0 + TT
	22.8 - TT

	2
	23
	-3
	3.5
	0
	22.5
	2.0
	3
	28.0 + TT
	19.5 - TT

	3
	23
	-3
	3.5
	0
	22.5
	2.0
	3
	28.0 + TT
	19.5 - TT

	4
	23
	-3
	1.2
	0
	24.8
	2.0
	3
	28.0 + TT
	21.8 - TT

	5
	23
	0
	0
	0
	23.0
	2.0
	3
	25.0 + TT
	20.0 - TT

	6
	23
	0
	0.5
	0
	22.5
	2.0
	3
	25.0 + TT
	19.5 - TT

	7
	23
	0
	0.5
	0
	22.5
	2.0
	3
	25.0 + TT
	19.5 - TT

	8
	23
	0
	0.5
	0
	22.5
	2.0
	3
	25.0 + TT
	19.5 - TT

	NOTE 1:
PPowerClass is the maximum UE power specified without taking into account the tolerance.
NOTE 2:
TT for each frequency and channel bandwidth is specified in Table 6.2.2.5-5.


Table 6.2.2.5-5: Test Tolerance (Maximum Power Reduction (MPR))

	
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6.0GHz

	BW ≤ 40MHz
	0.7 dB
	1.0 dB
	1.0 dB

	40MHz < BW ≤ 100MHz
	1.0 dB
	1.0 dB
	1.0 dB


Observation 2: Regarding options of defining new power class or power boosting, power-tolerance test issue of 27.8dBm can be solved by referring to original methods/tables in TS 38.521 for modification. Regarding other options of increase of maximum output power, no clear clarification yet for power-tolerance range.   

Proposal 1: Regarding increase of maximum output power, RAN4 has to clarify CA maximum power and power-tolerance range with adopted methodologies/options to increase maximum power. The question needs discussion in RAN4 first. 
Observation 3: In WF[1], possible impacts by increasing UE maximum power high limit need to be solved before agreeing to enable increase of maximum output power.
Proposal 2: Need to solve possible impacts in Table 1 for increasing UE maximum power high limit before agreeing to enable it. If there are new issues/impacts, they are not precluded for discussion. 

Table 1
	Possible impact to regulations
	Possible impact to 3GPP specifications
	Possible need for signaling
	Possible impact to SAR and whether existing mechanisms such as duty cycle need to be enhanced
	Possible impact to SAR and whether existing mechanisms such as duty cycle need to be enhanced
	Possible impact on RAN4 requirements, such as MPR, emissions, coexistence
	Possible impact to measurement and test


Regarding possible solution for possible impacts, consideration in Table 2 is provided for reference.  

Table 2
	
	Remove PPowerClass from PCMAX_H
	Replace PPowerClass with sum or modified sum
	Define a new power class
	Power boosting

	Possible impact to regulations
	FFS 

(Network signaling(NS) may solve issue)

	
	FFS 
	FFS 
	FFS 

P-Max signaling (per cell group) can be used
	FFS 

	Possible impact to 3GPP specifications
	FFS (TS 38.101-1, TS 38.306, TS 38.331, TS 38.521-1, TS 38.213)

	
	FFS 

PCMAX,
	FFS 

PCMAX,
	FFS 
	FFS 

	Possible need for signaling
	

	
	FFS (may need new signalling) (Absence of per-BC power class implies the default PC3 (powerClass, powerClass-v1610 indicated per BC)
	FFS (may need new signalling) (Absence of per-BC power class implies the default PC3 (powerClass, powerClass-v1610 indicated per BC)
	FFS (Does not imply new signalling)
	FFS (may need new signaling which is different from Pi/2 BPSK)

	Possible impact to SAR and whether existing mechanisms such as duty cycle need to be enhanced
	FFS about “Duty Cycle based solutions” , “Blind scheme solution”
Report total duty cycle capability per-BC with SARratio factor

	
	FFS
	FFS
	FFS
	FFS

	Possible impact on RAN4 requirements, such as MPR, emissions, coexistence
	

	
	FFS
	FFS
	FFS
	FFS

	MSD
	FFS (At least, need MSD for inter-band CA of FDD(23dBm) + TDD(26dBm) )

	
	FFS
	FFS
	FFS
	FFS

	Possible impact to measurement and test
	FFS
	FFS (Suggest 27.8dBm +2/-3 for 23+26 or 26+23 cases. Case of 23(TDD)+26(FDD) dBm could be considered first)
	FFS (Suggest 27.8dBm +2/-3 for 23+26 or 26+23 cases. Case of 23(TDD)+26(FDD) dBm is considered first)
	FFS (refer to Table 6.2.2.5-3 & 6.2.2.5-5 for modification) 


There are many TDD bands supporting PC2. Regarding PC2 of FDD bands, we think more discussion are needed for study. Therefore, CA of FDD(23dBm) + TDD(26dBm) can be first reference case for evaluation for MSD and other impacts. 
Proposal 3: Since PC2 for FDD bands need more discussion for study and convergence, CA of FDD(23dBm) + TDD(26dBm) can be first reference case for discussion/evaluation. 
3 Conclusion

In this contribution, we provide further views about possible impacts by increasing UE maximum power.
Observation 1: Since an excess maximum output power has the possibility to interfere to other channels or other systems and a small maximum output power decreases the coverage area, power-tolerance test is needed.
Observation 2: Regarding options of defining new power class or power boosting, power-tolerance test issue of 27.8dBm can be solved by referring to original methods/tables in TS 38.521 for modification. Regarding other options of increase of maximum output power, no clear clarification yet for power-tolerance range.   

Proposal 1: Regarding increase of maximum output power, RAN4 has to clarify CA maximum power and power-tolerance range with adopted methodologies/options to increase maximum power. The question needs discussion in RAN4 first. 
Observation 3: In WF[1], possible impacts by increasing UE maximum power high limit need to be solved before agreeing to enable increase of maximum output power.
Proposal 2: Need to solve possible impacts in Table 1 for increasing UE maximum power high limit before agreeing to enable it. If there are new issues/impacts, they are not precluded for discussion. 

Table 1
	Possible impact to regulations
	Possible impact to 3GPP specifications
	Possible need for signaling
	Possible impact to SAR and whether existing mechanisms such as duty cycle need to be enhanced
	Possible impact to SAR and whether existing mechanisms such as duty cycle need to be enhanced
	Possible impact on RAN4 requirements, such as MPR, emissions, coexistence
	Possible impact to measurement and test


Proposal 3: Since PC2 for FDD bands need more discussion for study and convergence, CA of FDD(23dBm) + TDD(26dBm) can be first reference case for discussion/evaluation. 
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