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1 Introduction
At the last RAN#103 meeting, Rel-19 UE RF enhancements WI was approved [1]. One of the objectives in the WI is to study and enable HPUE for inter-band UL CA/EN-DC with 3Tx for handheld UE. This paper provides our initial view on the topic.
2 Discussion
2.1 Background
RAN#103 approved Rel-19 UE RF enhancements WI [1]. One of the objectives in the WI is to specify HPUE requirements for inter-band UL CA/EN-DC with NR FR1 bands in terrestrial network. It includes studying and enabling HPUE of inter-band UL CA/EN-DC with 3Tx for handheld UE. The objectives for HPUE requirements in the WID are shown below:
High power UE (HPUE) for CA in terrestrial network (TN)
· Specify the generic requirements of high power UE (HPUE) for NR uplink (UL) CA in FR1 and EN-DC with NR FR1 bands
<< contents are omitted >>

· PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx for handheld and FWA, and PC1.5 and PC2 for two band EN-DC with 2Tx and/or 3Tx for handheld and FWA

· Focus on the SAR solution

· Enable power class 2 (PC2) and PC1.5 of two band inter-band uplink CA and EN-DC with 3Tx for handheld UE

· Identify and update the requirements if necessary

· Only PC3 is considered for LTE FDD in EN-DC 

· NOTE: leave the band combination specific requirements, e.g., MSD to the corresponding Rel-19 basket WIs

· Investigate and if feasible, support increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE with the different existing power classes which have already been specified

· Introduce the signaling to support the above objectives, if needed.

· Consider release independency, if needed
2.2 Scope of power class configurations
In Rel-18, HPUE requirements for inter-band UL CA/EN-DC with 3Tx for FWA were introduced. It was also within the scope of the WI to study for inter-band UL CA/EN-DC with 3Tx for handheld UE, but no normative work in Rel-18 [2][3]. Without 3Tx feature, even if a UE supports both UL MIMO in single carrier and UL CA/EN-DC, the UE cannot enable them simultaneously due to the 2Tx limitation. To improve UL throughput, in Rel-19, RAN4 will discuss introducing the 3Tx requirements for handheld UE. To enable 3Tx feature for handheld UE, it is needed to specify the UE RF requirements, but RAN4 should clarify the scope of power class configurations for UL CA/EN-DC before discussing it. It is reasonable to reuse the 3Tx scope for FWA in Rel-18 as a starting point for the 3Tx scope for handheld UE in Rel-19. In addition, RAN4 consider whether Rx/Tx requirements for inter-band UL CA/EN-DC with 3Tx for FWA introduced in Rel-18 can be reused or not.
Observation 1: In Rel-19, RAN4 will discuss introducing the 3Tx requirements for handheld UE. It is very valuable because UE can enable UL MIMO and UL CA/EN-DC simultaneously.
Proposal 1: The below power class configurations for inter-band UL CA/EN-DC with 3Tx for FWA introduced in Rel-18 are reused as a starting point for the scope of power class configurations for inter-band UL CA/EN-DC with 3Tx for handheld UE in Rel-19.
	· In each band only 1CC included. The Tx capability considered is 1Tx in one band, and 2Tx in the other band

· The following power class configurations will be considered

· CA power class or EN-DC power class is PC2

· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)

· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO and TxD)

· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)

·   CA power class or EN-DC power class is PC1.5

· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)


2.3 Increasing UE power high limit feature
The UE can fully utilize the HPUE feature by supporting increase in maximum output power above the power class indication for inter-band UL CA/EN-DC. In Rel-17, the increasing UE power high limit feature (i.e., higherPowerLimit-r17 capability or higherPowerLimitMRDC-r17 capability) were introduced for inter-band UL CA/EN-DC with 2Tx. On the other hand, inter-band UL CA/EN-DC with 3Tx for FWA became available through discussions in Rel-18, but the increasing UE power high limit feature has not been considered for it [4][5]. Therefore, in Rel-19, RAN4 investigate whether the increasing UE power high limit feature can be introduced for inter-band UL CA/EN-DC with 3Tx for FWA and handheld UE.
The table below shows the status regarding the increasing UE power high limit feature. The vertical axis of the table lists power class configurations with different existing power classes per band exhaustively.
	
	2Tx (1Tx+1Tx)
	3Tx for FWA
	3Tx for handheld UE

	PC5+PC3
	Already specified in Rel-18
	Out of 3Tx scope in Rel-18
	[Out of 3Tx scope in Rel-19]

	PC5+PC2
	Can be discussed in Rel-19
	Out of 3Tx scope in Rel-18
	[Out of 3Tx scope in Rel-19]

	PC5+PC1.5
	PC1.5 is achieved via dual Tx
	Out of 3Tx scope in Rel-18
	[Out of 3Tx scope in Rel-19]

	PC3+PC2
	Already specified in Rel-17
	Can be discussed in Rel-19
	[Can be discussed in Rel-19]

	PC3+PC1.5
	PC1.5 is achieved via dual Tx
	Can be discussed in Rel-19
	[Can be discussed in Rel-19]

	PC2+PC1.5
	PC1.5 is achieved via dual Tx
	Out of 3Tx scope in Rel-18
	[Out of 3Tx scope in Rel-19]


· Regarding both 3Tx for FWA and 3Tx for handheld UE
· At least, the increasing UE power high limit feature can be introduced for 3Tx UL CA/EN-DC configured with PC3 band and PC2 band.
· 3Tx for FWA configured with PC3+PC2 without the increasing UE power high limit feature has already been introduced in Rel-18.
· In addition, 2Tx configured with PC3+PC2 with the increasing UE power high limit feature has already been introduced in Rel-17.
· Also, RAN4 can discuss whether the increasing UE power high limit feature can be introduced for 3Tx UL CA/EN-DC configured with PC3 band and PC1.5 band.
· 3Tx for FWA configured with PC3+PC1.5 without the increasing UE power high limit feature has already been introduced in Rel-18.
· However, 2Tx configured with PC3+PC1.5 is not introduced.
· Also, RAN4 may be able to discuss other power class configurations if they are included in the scope of 3Tx in Rel-19 WI.
Proposal 2: For both FWA and handheld UE, at least, the increasing UE power high limit feature should be introduced for 3Tx UL CA/EN-DC configured with PC3 band and PC2 band. Other power class configurations can also be discussed if they are included in the scope of 3Tx in Rel-19 WI.
When the increasing UE power high limit feature for 2Tx was discussed in Rel-17, there was a proposal for independent power control on each CC, but it was not agreed. Similarly, regarding the increasing UE power high limit feature for 3Tx, independent power control on each CC should not be allowed. In other words, the total transmit power limit between CCs signaled by NW is not ignored. Based on the current configured output power requirements for 2Tx UL CA/EN-DC, the increasing UE power high limit feature for 3Tx is applicable within the power limits indicated by existing IE P-Max, p-UE-FR1, p-NR-FR1, or p-MaxEUTRA.
Observation 2: If the increasing UE power high limit feature can be introduced for 3Tx, it is applicable within the existing power limits indicated by IE P-Max, p-UE-FR1, p-NR-FR1, or p-MaxEUTRA. Independent power control on each CC should not be allowed.
3 Conclusion
Here we summarize our proposals: 
Observation 1: In Rel-19, RAN4 will discuss introducing the 3Tx requirements for handheld UE. It is very valuable because UE can enable UL MIMO and UL CA/EN-DC simultaneously.
Proposal 1: The below power class configurations for inter-band UL CA/EN-DC with 3Tx for FWA introduced in Rel-18 are reused as a starting point for the scope of power class configurations for inter-band UL CA/EN-DC with 3Tx for handheld UE in Rel-19. 
	· In each band only 1CC included. The Tx capability considered is 1Tx in one band, and 2Tx in the other band

· The following power class configurations will be considered

· CA power class or EN-DC power class is PC2

· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)

· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO and TxD)

· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)

·   CA power class or EN-DC power class is PC1.5

· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)


Proposal 2: For both FWA and handheld UE, at least, the increasing UE power high limit feature should be introduced for 3Tx UL CA/EN-DC configured with PC3 band and PC2 band. Other power class configurations can also be discussed if they are included in the scope of 3Tx in Rel-19 WI.
Observation 2: If the increasing UE power high limit feature can be introduced for 3Tx, it is applicable within the existing power limits indicated by IE P-Max, p-UE-FR1, p-NR-FR1, or p-MaxEUTRA. Independent power control on each CC should not be allowed.
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