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1	Introduction 

Ever since the introduction of high-power UE (HPUE) in E-UTRA with the intent on improving UE UL coverage, the feature has prevailed into nearly all major E-UTRA and NR TDD bands with maximum output power up to 29 dBm, also known as power class 1.5 (PC1.5). With the increasing demand in UE UL coverage, the feature is further extended to NR FDD bands, inter-band EN-DC, and NR inter-band UL CA. In Rel-17, a new feature “increasing UE power high limit” for inter-band UL CA and DC was further introduced to leverage the per-band maximum output power capability such that the maximum total output power can be higher than power class 2 (PC2) nominal output power at 26 dBm [1]. In Rel-18, PC1.5 for inter-band UL CA was first introduced, where among all possible PC1.5 inter-band UL configurations, only 2-band (one CC in each band) with simultaneous 3Tx transmission was considered [2]. Given 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 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 [3] 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
 
As whether the above features would require new general requirements or new MSD framework would depend on the supported configurations, it is necessary to clarify the scope of each feature before the normative can be started. In this contribution, we share our initial views on the intended Rel-19 HPUE for CA/DC features to facilitate the new general requirements development.                                               
2 Discussion
2.1	PC1.5 for intra-band contiguous UL CA with and without UL MIMO

When PC1.5 for TDD band single carrier was first introduced in Rel-16, the common assumption for mobile handheld UE was that it can only be supported with 2Tx via either Tx diversity or UL MIMO, due to that the power amplifier (PA) with power rating higher than 26dBm (PC2) has not yet been commercially available. Up to now this is still the common assumption for mobile handheld UE.      

Observation 1: For mobile handheld UE, PC1.5 for single carrier can only be supported with 2Tx via either Tx diversity or UL MIMO.  
Irrespective of UE power class, another common assumption for mobile handheld UE is that for any single band, only up to 2Tx can be supported.

Observation 2: For mobile handheld UE, only up to 2Tx can be supported for any single band.

Based on the above two common assumptions, to support PC1.5 intra-band contiguous UL CA with UL MIMO, the only feasible configuration is without dualPA-Architecture, meaning that each Tx path would be transmitting both carriers with single local oscillator (LO). On the other hand, for intra-band contiguous UL CA without UL MIMO, although dualPA-Architecture may be feasible, meaning that each Tx path would be transmitting one of the two carriers, it is only limited to UL configurations with equal bandwidth between the two carriers.

Observation 3: For intra-band contiguous UL CA with UL MIMO, dualPA-Architecture would not be feasible.

Observation 4: For intra-band contiguous UL CA without UL MIMO, dualPA-Architecture is only feasible for UL configurations with equal bandwidth between the two carriers. 

Considering that the dualPA-Architecture use cases for intra-band contiguous UL CA without UL MIMO is quite limited, defining additional requirements based on dualPA-Architecture may not be well justified. Therefore, it is proposed to only specify general requirements without dualPA-Architecture, meaning that PC1.5 would be based on Tx diversity configuration.     

Proposal 1: For intra-band contiguous UL CA with and without UL MIMO, the general requirements are specified without dualPA-Architecture.

2.2	PC1.5 intra-band non-contiguous UL CA without UL MIMO

For PC1.5 intra-band non-contiguous UL CA without UL MIMO, the Observation 4 above also applies, meaning that dualPA-Architecture is only feasible for UL configurations with equal bandwidth between the two carriers. The benefit of using dualPA-Architecture is that the supported frequency separation between the two carriers can be up to the full-band range. On the contrary, without dualPA-Architecture, the supported frequency separation between the two carriers (outer edge to outer edge) is only up to 200MHz due to the limitation on PA modulation bandwidth.

Observation 5: For intra-band non-contiguous UL CA without UL MIMO, dualPA-Architecture is only feasible for UL configurations with equal bandwidth between the two carriers. 

Observation 6: For intra-band non-contiguous UL CA without UL MIMO, the benefit of using dualPA-Architecture is that the supported frequency separation between the two carriers can be up to the full-band range.

Observation 7: For intra-band non-contiguous UL CA without using dualPA-Architecture, the supported frequency separation between the two carriers (outer edge to outer edge) is only up to 200MHz.

Based on the above observations that the use cases for PC1.5 intra-band non-contiguous UL CA would be quite limited, and the anticipated MPR/A-MPR could potentially be relatively high due to clustered out-of-band emissions caused by 2UL inter-modulation products, the support of PC1.5 could be a diminishing return as compared to its PC2 counterpart. Therefore, we propose to deprioritize the specifications development for PC1.5 intra-band non-contiguous UL CA.

On the other hand, if UL Tx switching can be supported for intra-band non-contiguous UL CA as proposed in [4], the use case limitation and MPR/A-MPR performance concern for simultaneous UL transmission can both be avoided, and yet without compromising the UL throughput performance as each switched UL carrier can leverage the 2 Tx paths to support UL MIMO up to PC1.5.
Proposal 2: Deprioritize the specifications development for PC1.5 intra-band non-contiguous UL CA with simultaneous UL transmission and introduce UL Tx switching to intra-band non-contiguous UL CA with UL MIMO as an alternative.      

2.3	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. 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 8: 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 3: 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 2.3-1 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
	No
	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
	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
	No
	No

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

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



Table 2.3-1 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”.

Observation 9: For inter-band UL CA with 3Tx configurations, the UL combinations shall be captured in either sub-clause 6.2H.3.1 or sub-clause 6.2L.3.1 or both, while for 2Tx UL configurations, the UL combinations are to be captured in sub-clause 6.2A.1.3.

For UL configurations which require new MSD framework, RAN4 shall follow the non-basket WID working procedure to select an example band combination for each UL configuration to complete the requirements before other combinations of the same UL configuration can be proposed to the basket WID.

2.4	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 as PCMAX range has already been specified up to 33 dBm. 

Observation 10: Though PC1.5 is a new feature for inter-band EN-DC, it does not require new Tx general requirement as PCMAX range has already been specified up to 33 dBm.

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 4: 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 2.4-1 and Table 2.4-2 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 2.4-1 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 11: 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
	No
	No

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

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



Table 2.4-1 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”.

Observation 12: For inter-band EN-DC with 3Tx configurations, the UL combinations shall be captured in either sub-clause 6.2H.1.3 or sub-clause 6.2L.1.3 or both, while for 2Tx UL configurations, the UL combinations are to be captured in sub-clause 6.2B.1.3.

Similar to inter-band UL CA, for UL configurations which require new MSD framework, RAN4 shall follow the non-basket WID working procedure to select an example band combination for each UL configuration to complete the requirements before other combinations of the same UL configuration can be proposed to the basket WID.

Proposal 5: For UL configurations of PC1.5 inter-band UL CA and PC1.5 inter-band EN-DC which require new MSD framework, an example band combination for each UL configuration shall be selected to complete the requirements before other combinations of the same UL configuration can be proposed to the basket WID.

2.5	Increasing UE transmission power limit for NR inter-band UL CA and EN-DC HPUE

The “Increasing UE power high limit for CA and DC” feature was introduced in Rel-17 [1] with the intention to maximize the UE per-band power class capability while transmitting in two UL bands simultaneously which would have been underutilized without the feature due to the total maximum output power restriction in current 3GPP UE power class definition. In Rel-17, only PC2 UL configurations with (PC3 FDD/TDD + PC2 TDD) composition has been specified to support this feature. In Rel-18, the feature was further extended to include UL configurations with (PC3 FDD/TDD + PC5 TDD) composition.

With the introduction of PC2 FDD bands and PC1.5 inter-band UL CA and EN-DC, it opens up the opportunity for many new possible UL configurations where the “Increasing UE power high limit for CA and DC” feature can also be leveraged, as summarized in Table 2.5-1.  




	Power Class
	UL Configuration

	PC2
	PC2 FDD + PC5 TDD

	PC2
	PC2 FDD + PC3 TDD

	PC2
	PC2 FDD + PC3 FDD

	PC1.5
	PC1.5 TDD + PC5 TDD

	PC1.5
	PC1.5 TDD + PC3 TDD

	PC1.5
	PC1.5 TDD + PC3 FDD

	PC1.5
	PC1.5 TDD + PC2 TDD

	PC1.5
	PC1.5 TDD + PC2 FDD


  
Table 2.5-1 Possible new UL configurations to support “Increasing UE power high limit” feature

For UL configurations consist of at least one FDD band, it may be subject to 2UL IMD interference issue. If PCMAX for each constituent UL band would be applied to evaluate MSD requirements, new MSD framework would be needed for these UL configurations. However, this will not only create more fragmentations in MSD test configurations but also increase specifications complexity substantially. Therefore, RAN4 shall be mindful on defining MSD requirements for the new UL configurations supporting “Increasing UE power high limit for CA and DC” feature.

Observation 13: For UL configurations consist of at least one FDD band, it may be subject to 2UL IMD interference issue. If PCMAX for each constituent UL band would be applied to evaluate MSD requirements, new MSD framework would be needed for these UL configurations.

Proposal 6: RAN4 shall be mindful on defining MSD requirements for the new UL configurations supporting “Increasing UE power high limit for CA and DC” feature.

3	Conclusion

In this contribution, we share our initial views on the intended Rel-19 HPUE for CA/DC features to facilitate the new general requirements development.

Observation 1: For mobile handheld UE, PC1.5 for single carrier can only be supported with 2Tx via either Tx diversity or UL MIMO.

Observation 2: For mobile handheld UE, only up to 2Tx can be supported for any single band.

Observation 3: For intra-band contiguous UL CA with UL MIMO, dualPA-Architecture would not be feasible.

Observation 4: For intra-band contiguous UL CA without UL MIMO, dualPA-Architecture is only feasible for UL configurations with equal bandwidth between the two carriers.

Proposal 1: For intra-band contiguous UL CA with and without UL MIMO, the general requirements are specified without dualPA-Architecture.

Observation 5: For intra-band non-contiguous UL CA without UL MIMO, dualPA-Architecture is only feasible for UL configurations with equal bandwidth between the two carriers.

Observation 6: For intra-band non-contiguous UL CA without UL MIMO, the benefit of using dualPA-Architecture is that the supported frequency separation between the two carriers can be up to the full-band range.

Observation 7: For intra-band non-contiguous UL CA without using dualPA-Architecture, the supported frequency separation between the two carriers (outer edge to outer edge) is only up to 200MHz.

Proposal 2: Deprioritize the specifications development for PC1.5 intra-band non-contiguous UL CA with simultaneous UL transmission and introduce UL Tx switching to intra-band non-contiguous UL CA with UL MIMO as an alternative.

Observation 8: 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 3: 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 9: For inter-band UL CA with 3Tx configurations, the UL combinations shall be captured in either sub-clause 6.2H.3.1 or sub-clause 6.2L.3.1 or both, while for 2Tx UL configurations, the UL combinations are to be captured in sub-clause 6.2A.1.3.

Observation 10: Though PC1.5 is a new feature for inter-band EN-DC, it does not require new Tx general requirement as PCMAX range has already been specified up to 33 dBm.

Proposal 4: 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 11: For PC2 2-band inter-band EN-DC with 2Tx or 3Tx, no new general requirement needs to be developed.

Observation 12: For inter-band EN-DC with 3Tx configurations, the UL combinations shall be captured in either sub-clause 6.2H.1.3 or sub-clause 6.2L.1.3 or both, while for 2Tx UL configurations, the UL combinations are to be captured in sub-clause 6.2B.1.3.

Proposal 5: For UL configurations of PC1.5 inter-band UL CA and PC1.5 inter-band EN-DC which require new MSD framework, an example band combination for each UL configuration shall be selected to complete the requirements before other combinations of the same UL configuration can be proposed to the basket WID.

Observation 13: For UL configurations consist of at least one FDD band, it may be subject to 2UL IMD interference issue. If PCMAX for each constituent UL band would be applied to evaluate MSD requirements, new MSD framework would be needed for these UL configurations.

Proposal 6: RAN4 shall be mindful on defining MSD requirements for the new UL configurations supporting “Increasing UE power high limit for CA and DC” feature.

5	References

RP-212163 “New WID: Increasing UE power high limit for CA and DC”, China Telecom, Qualcomm, 3GPP TSG-RAN Meeting #93-e, September 13th – 17th, 2021
RP-230161 “Revised WID for Low NR band 4Rx and 3Tx”, OPPO, 3GPP TSG-RAN Meeting #99, Rotterdam, Netherlands, March 20th – 23rd, 2023
RP-240828 “New WID: UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4”, RAN4 Chair (Huawei), 3GPP TSG-RAN Meeting #103, Maastricht, Netherlands, March 18th – 21st, 2024
R4-2400233 “Motivation for UL Tx switching for FR1 intra-band non-contiguous UL CA in Rel-19”, Apple, 3GPP TSG RAN WG4 Meeting #110, Athens, Greece, February 26th – March 1st, 2024
Apple Inc.
Apple Inc.
