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1	Introduction 

The Rel-19 RAN4 non-spectrum WID/SID package has been approved in RAN #103 meeting. In consideration that the uplink coverage is crucial for 5G and 5G-adavanced roll-out and the continued strong interests from operators in higher UE maximum output power such as PC1.5 for their band combinations, one of the key objectives under the new Rel-19 “UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4” work item [1] is to specify the generic requirements of HPUE for NR uplink CA in FR1 and EN-DC with NR FR1 bands where the features include,
· PC1.5 for intra-band contiguous UL CA with and without UL MIMO 
· PC1.5 Intra-band non-contiguous UL CA without UL MIMO
· PC1.5 2-band inter-band UL CA with 2Tx or 3Tx for handheld UE and FWA
· PC2 and PC1.5 2-band inter-band EN-DC with 2Tx or 3Tx for handheld UE and FWA UE
· Increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band UL CA and EN-DC HPUE
 
In last RAN4 meeting, companies had provided their initial views on the respective features above where the discussions were concluded with an approved WF on “HPUE for UL CA and EN-DC” [2]. In this contribution, we share our further views on 2-band inter-band UL CA/EN-DC with 2Tx or 3Tx and propose to only define one set of UE RF requirements for both handheld UE and FWA. We also propose RAN4 to decide whether PC2 FDD bands would be considered in Rel-19 inter-band UL CA/EN-DC at the early phase of the work item as that may require new MSD framework which could take long meeting cycles to develop.                                                   
2 Discussion
2.1	PC1.5 2-band inter-band UL CA with 2Tx or 3Tx for handheld UE and FWA

PC1.5 inter-band UL CA was first introduced in Rel-18 where only (PC3 FDD + PC1.5 TDD) UL configuration with simultaneous 3Tx transmission has been considered and the feature is targeted for FWA [3]. Owing to the continued demand in UL coverage and throughput enhancement for handheld UE, the Rel-19 feature for PC1.5 inter-band UL CA with 2Tx or 3Tx will be targeted for both handheld UE and FWA.

For the 2-band 3Tx UE RF requirements already specified for FWA, we do not see a compelling reason that the same requirements could not be applied to handheld UE, especially for the core conductive requirements in FR1 range. Similarly, for the potential new UL configurations of PC1.5 2-band inter-band UL CA with 2Tx or 3Tx as will be elaborated below, we also do not see a need to define separate UE RF requirements between handheld UE and FWA.  

Observation 1: For the 2-band 3Tx UE RF requirements already specified for FWA, there is no compelling reason that the same requirements could not be applied to handheld UE.    

Proposal 1: For PC1.5 2-band inter-band UL CA with 2Tx or 3Tx, only define one set of UE RF requirements for both handheld UE and FWA. 

For PC1.5 2-band inter-band UL CA with 2Tx or 3Tx, there can be many different UL configurations in addition to the one already specified in Rel-18, especially with the inclusion of PC2 FDD bands. Table 2.1-1 summarizes all possible UL configurations where some of them may require new general requirements, or specifically new MSD framework.

	1st band
	2nd band
	2Tx or 3Tx
	New Tx requirement
	New MSD framework

	PC3 FDD 1Tx
	PC1.5 TDD 2Tx
	3Tx
	No
	No

	PC3 TDD 1Tx
	PC1.5 TDD 2Tx
	3Tx
	No
	No

	PC2 TDD 1Tx
	PC2 TDD 1Tx
	2Tx
	ΔPPowerClass
	No

	PC2 TDD 1Tx
	PC2 TDD 2Tx
	3Tx
	No
	No

	PC2 TDD 1Tx
	PC2 FDD 2Tx
	3Tx
	No
	Yes

	PC2 FDD 1Tx
	PC2 TDD 1Tx
	2Tx
	ΔPPowerClass
	Yes

	PC2 FDD 1Tx
	PC2 FDD 1Tx
	2Tx
	ΔPPowerClass
	Yes

	PC2 FDD 1Tx
	PC2 TDD 2Tx
	3Tx
	No
	Yes

	PC2 FDD 1Tx
	PC2 FDD 2Tx
	3Tx
	No
	Yes

	PC2 TDD 1Tx
	PC1.5 TDD 2Tx
	3Tx
	No
	No

	PC2 FDD 1Tx
	PC1.5 TDD 2Tx
	3Tx
	No
	TBD

	PC5 TDD 1Tx
	PC1.5 TDD 2Tx
	3Tx
	No
	No



Table 2.1-1 Possible UL configurations for PC1.5 inter-band UL CA with 2Tx or 3Tx

For UL configurations with 3Tx, the UL combinations shall be captured in either sub-clause 6.2H.3.1 “UE maximum output power for inter-band UL CA with UL MIMO” or sub-clause 6.2L.3.1 “UE maximum output power for inter-band UL CA with Tx Diversity” or both, while for 2Tx UL configurations, the UL combinations are to be captured in sub-clause 6.2A.1.3 “UE maximum output power for Inter-band CA”. As all transmitter requirements related sub-clauses have already been introduced for both 2Tx and 3Tx, there would be no new Tx requirement to be developed except for “configured transmitted power for Inter-band CA” with 2Tx where ΔPPowerClass definition may need to be revised to accommodate PC1.5.    

Observation 2: For inter-band UL CA with 2Tx and 3Tx configurations, there would be no new Tx requirement to be developed except for “configured transmitted power for Inter-band CA” with 2Tx where ΔPPowerClass definition may need to be revised to accommodate PC1.5.

On the Rx requirements side, new MSD framework may be required only for UL configurations consisting of PC2 FDD band(s). As new MSD framework could take long meeting cycles to develop, we propose RAN4 to decide whether PC2 FDD bands would be considered in inter-band UL CA at the early phase of the work item.

Observation 3: For inter-band UL CA with 2Tx or 3Tx configurations, new MSD framework may be required only for UL configurations consisting of PC2 FDD band(s).

2.2	PC2 and PC1.5 2-band inter-band EN-DC with 2Tx or 3Tx for handheld UE and FWA UE

PC2 2-band inter-band EN-DC with 2Tx and 3Tx have been introduced in Rel-17 and Rel-18 respectively where the 3Tx UL configuration was target for FWA. PC1.5 on the other hand is a new feature for inter-band EN-DC which nevertheless does not require new Tx general requirement except for “configured output power level for Inter-band EN-DC within FR1” with 3Tx where ΔPPowerClass definition may need to be revised to accommodate PC1.5.

Observation 4: For inter-band EN-DC with 2Tx and 3Tx configurations, there would be no new Tx requirement to be developed except for “configured output power level for Inter-band EN-DC within FR1” with 3Tx where ΔPPowerClass definition may need to be revised to accommodate PC1.5.

Similar to inter-band UL CA, there is also no compelling reason to define different UE RF requirements for FR1 inter-band EN-DC between handheld UE and FWA, irrespective of the supported power classes.

Proposal 2: For PC2 and PC1.5 2-band inter-band EN-DC with 2Tx or 3Tx, only define one set of UE RF requirements for both handheld UE and FWA.

Table 2.2-1 and Table 2.2-2 summarize all possible UL configurations for PC2 and PC1.5 2-band inter-band EN-DC with 2Tx or 3Tx respectively.

	E-UTRA band
	NR band
	2Tx or 3Tx
	New Tx requirement
	New MSD framework

	PC3 FDD 1Tx
	PC3 TDD 1Tx
	2Tx
	No
	No

	PC3 TDD 1Tx
	PC3 TDD 1Tx
	2Tx
	No
	No

	PC3 FDD 1Tx
	PC3 FDD 1Tx
	2Tx
	No
	No

	PC3 FDD 1Tx
	PC2 TDD 2Tx
	3Tx
	No
	No

	PC3 TDD 1Tx
	PC2 TDD 2Tx
	3Tx
	No
	No

	PC2 TDD 1Tx
	PC3 TDD 1Tx
	2Tx
	No
	No

	PC2 TDD 1Tx
	PC3 FDD 1Tx
	2Tx
	No
	No

	PC2 FDD 1Tx
	PC3 TDD 1Tx
	2Tx
	No
	No

	PC2 TDD 1Tx
	PC5 TDD 1Tx
	2Tx
	No
	No

	PC2 FDD 1Tx
	PC5 TDD 1Tx
	2Tx
	No
	No



Table 2.2-1 Possible UL configurations for PC2 inter-band EN-DC with 2Tx or 3Tx

For PC2 2-band inter-band EN-DC with 2Tx or 3Tx, it can be recognized that no new general requirement needs to be developed. Though (PC2 FDD 1Tx + PC5 TDD 1Tx) may potentially require new MSD framework due to that the UL power composition for 2UL IMD has never been handled before, this configuration can only be composed by B14 and NR-U bands which are not subject to 2UL IMD issue to B14 based on our analysis. 

Observation 5: For PC2 2-band inter-band EN-DC with 2Tx or 3Tx, no new general requirement needs to be developed.  

	E-UTRA band
	NR band
	2Tx or 3Tx
	New Tx requirement
	New MSD framework

	PC3 FDD 1Tx
	PC1.5 TDD 2Tx
	3Tx
	ΔPPowerClass
	No

	PC3 TDD 1Tx
	PC1.5 TDD 2Tx
	3Tx
	ΔPPowerClass
	No

	PC2 TDD 1Tx
	PC2 TDD 1Tx
	2Tx
	No
	No

	PC2 TDD 1Tx
	PC2 FDD 1Tx
	2Tx
	No
	Yes

	PC2 TDD 1Tx
	PC2 TDD 2Tx
	3Tx
	No
	No

	PC2 TDD 1Tx
	PC2 FDD 2Tx
	3Tx
	No
	Yes

	PC2 FDD 1Tx
	PC2 TDD 1Tx
	2Tx
	No
	Yes

	PC2 FDD 1Tx
	PC2 FDD 1Tx
	2Tx
	No
	Yes

	PC2 FDD 1Tx
	PC2 TDD 2Tx
	3Tx
	No
	Yes

	PC2 FDD 1Tx
	PC2 FDD 2Tx
	3Tx
	No
	Yes

	PC2 TDD 1Tx
	PC1.5 TDD 2Tx
	3Tx
	ΔPPowerClass
	No

	PC2 FDD 1Tx
	PC1.5 TDD 2Tx
	3Tx
	ΔPPowerClass
	TBD



Table 2.2-2 Possible UL configurations for PC1.5 inter-band EN-DC with 2Tx or 3Tx

For UL configurations with 3Tx, the UL combinations shall be captured in either sub-clause 6.2H.1.3 “Inter-band EN-DC with UL MIMO within FR1” or sub-clause 6.2L.1.3 “Inter-band EN-DC with Tx Diversity within FR1” or both, while for 2Tx UL configurations, the UL combinations are to be captured in sub-clause 6.2B.1.3 “Inter-band EN-DC within FR1”.

Similar to inter-band UL CA, new MSD framework may be required only for UL configurations consisting of PC2 FDD band(s). As new MSD framework could take long meeting cycles to develop, we propose RAN4 to decide whether PC2 FDD bands would be considered in inter-band EN-DC at the early phase of the work item.

Proposal 3: RAN4 to decide whether PC2 FDD bands would be considered in Rel-19 inter-band UL CA/EN-DC at the early phase of the work item.
3	Conclusion

In this contribution, we share our further views on 2-band inter-band UL CA/EN-DC with 2Tx or 3Tx and propose to only define one set of UE RF requirements for both handheld UE and FWA. We also propose RAN4 to decide whether PC2 FDD bands would be considered in Rel-19 inter-band UL CA/EN-DC at the early phase of the work item as that may require new MSD framework which could take long meeting cycles to develop.

Observation 1: For the 2-band 3Tx UE RF requirements already specified for FWA, there is no compelling reason that the same requirements could not be applied to handheld UE.

Proposal 1: For PC1.5 2-band inter-band UL CA with 2Tx or 3Tx, only define one set of UE RF requirements for both handheld UE and FWA.

Observation 2: For inter-band UL CA with 2Tx and 3Tx configurations, there would be no new Tx requirement to be developed except for “configured transmitted power for Inter-band CA” with 2Tx where ΔPPowerClass definition may need to be revised to accommodate PC1.5.

Observation 3: For inter-band UL CA with 2Tx or 3Tx configurations, new MSD framework may be required only for UL configurations consisting of PC2 FDD band(s).

Observation 4: For inter-band EN-DC with 2Tx and 3Tx configurations, there would be no new Tx requirement to be developed except for “configured output power level for Inter-band EN-DC within FR1” with 3Tx where ΔPPowerClass definition may need to be revised to accommodate PC1.5.

Proposal 2: For PC2 and PC1.5 2-band inter-band EN-DC with 2Tx or 3Tx, only define one set of UE RF requirements for both handheld UE and FWA.

Observation 5: For PC2 2-band inter-band EN-DC with 2Tx or 3Tx, no new general requirement needs to be developed.

Proposal 3: RAN4 to decide whether PC2 FDD bands would be considered in Rel-19 inter-band UL CA/EN-DC at the early phase of the work item.
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