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1. Introduction
RAN4 Rel-19 items will be discussed in Dec 2023. This paper shows our views on some of the interested items mainly the 3Tx related enhancements.
2. [bookmark: _Hlk126176045]Discussion
2.1 3Tx enhancement
2.1.1 Rel-18 status
3Tx for inter-band UL CA together with low band 4Rx work item for Rel-18 was approved in Dec 2022 [1]. And in the past half year, it has been approved that these two features are very useful in the real NW and have been commercialized in for example north America and China even before the requirements are complete [2,3]. The urgent deployment demands and interests of these features call for further enhancements in Rel-19. Below will discuss some of the aspects that need to be enhanced.

Observation 1:   3Tx for inter-band CA/ENDC and low band 4Rx both have been successfully commercialized in several regions, and it is justified the usefulness of these two features.

Observation 2:   The urgent demands for the 3Tx in the market has called for the enhancements in Rel-19.

In Rel-18, the 3Tx is only for inter-band UL CA/ENDC with 1Tx in one band and 2Tx in the other band. And the power configurations include below cases in table 1. And it was limited to FWA devices in Rel-18 to give companies more time to prepare for the handheld UE.

Table 1 Power configurations of Rel-18 3Tx inter-band CA/ENDC
	·  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)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
· CA power class or EN-DC power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)



Observation 3:   3Tx in Rel-18 has only considered limited cases like power combinations, band combinations, and UE types.

2.1.2 Rel-19 enh for 3Tx inter-band UL CA/ENDC
The enhancements for inter-band UL CA/ENDC with 1Tx in one band and 2Tx in the other band to be considered in Rel-19 can include below aspects.

1) UE type
The UE type in Rel-18 is only for FWA device, and in Rel-19, the handheld UE will be considered.

2) Power combinations
For the power combinations, in Rel-18 only PC3+PC2 and PC3+PC1.5 were considered to limit the scope. And more power combinations were proposed in the beginning which were also interested by many companies. Below table lists the potential combinations that can be supported by this 3Tx inter-band UL CA, but of course the final power combinations in Rel-19 WID will be determined based on commercial interests.

Table 2 Power combinations for PC2 in total with 3Tx inter-band UL CA/ENDC
	PC2 in total
	band A 1Tx

	
	FDD PC3
	FDD PC2
	TDD PC3
	TDD PC2

	band B 2Tx
	FDD PC3
	
	
	
	

	
	FDD PC2
	R19
	
	
	R19

	
	TDD PC3
	R18
	
	
	

	
	TDD PC2
	R18
	
	R18
	R19



Table 3 Power combinations for PC1.5 in total with 3Tx inter-band UL CA/ENDC
	PC1.5 in total
	band A 1Tx

	
	FDD PC3
	FDD PC2
	TDD PC3
	TDD PC2

	band B 2Tx
	FDD PC2
	N/A
	
	N/A
	R19

	
	TDD PC2
	N/A
	
	N/A
	R19

	
	TDD PC1.5
	R18
	
	
	R19




Observation 4:   Handheld UE for 3Tx in inter-band cases can be supported in Rel-19.

Observation 5:   More power combinations can be supported with total power class 2 or 1.5 for 3Tx in inter-band cases in Rel-19 based on market/operator interests.

3) Increased higher power limit for 3Tx
[bookmark: _Hlk142499412]In Rel-18, the increased higher power limit was also proposed and with high interest from the industry since UE with 3PAs can generate higher Tx power than the power class limitations inherently like PC3+PC2 or PC3+PC1.5. And there is no reason to prohibit UE from fully utilize its ability if it can do that. Therefore, in Rel-19, it is proposed to introduce the increased higher power limit for 3Tx with inter-band UL CA/ENDC as an optional feature.

Observation 6:   Increased higher power limit for 3Tx with inter-band case can be supported in Rel-19 to fully utilize its ability in boosting Tx power.

2.1.3 Rel-19 enh for 3Tx in single CC or intra-band UL CA
In current commercialized UE, the RFIC can support two LOs as shown in figure 1. And it can support 3Layer UL MIMO or single Layer TxD in one band including single CC operation or intra-band UL CA. This is a promising enhancement in improving the power abilities and throughput.

Therefore, 3Layer UL MIMO and TxD can be supported for FWA devices in single CC or intra-band UL CA.

[image: ]
Figure 1 The RFIC architecture of commercialized 3Tx UE

Observation 7:   Current commercialized UE can support 3Layer UL MIMO and TxD which needs to be defined in Rel-19


Proposal 1:   	Below enhancements should be considered in Rel-19 3Tx enhanced WI.
· Introduce Handheld UE for 3Tx in inter-band UL CA/ENDC.
· Introduce more power combinations with total power class 2 or 1.5 for 3Tx inter-band CA/ENDC (exact power combinations are based on market/operator interests).
· Introduce increased higher power limit for 3Tx with inter-band case can be supported in Rel-19 to fully utilize its ability in boosting Tx power.
· Introduce 3Layer UL MIMO and 3TxD for single CC and intra-band UL CA with FWA form factor
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