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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 intra-band contiguous and non-contiguous UL CA with PC1.5 and propose RAN4 to focus on PC1.5 intra-band contiguous UL CA without dualPA-Architecture for RF requirements development and deprioritize PC1.5 intra-band non-contiguous UL CA due to limited use cases and performance gain as compared to its PC2 counterpart.                                                   
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, or the total maximum output power would be less than 29 dBm based on the assumption that the two UL carriers would be with equal power spectral density (PSD) and each PA can only transmit up to 26 dBm.

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, or the total maximum output power would be less than 29 dBm.

Considering that the dualPA-Architecture use case 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.

Despite the general requirements are only specified without dualPA-Architecture, for intra-band contiguous UL CA without UL MIMO, UE may still choose dualPA-Architecture for implementation provided the MPR/A-MPR requirements based on Tx diversity configuration can be fulfilled which would be transparent to networks.

Observation 5: For intra-band contiguous UL CA without UL MIMO, UE may still choose dualPA-Architecture for implementation provided the MPR/A-MPR requirements based on Tx diversity configuration can be fulfilled which would be transparent to networks.    

One other aspect which was not discussed in last RAN4 meeting is whether to define separate requirements for handheld UE and FWA respectively. Since PC1.5 MPR/A-MPR requirements would be highly dependent on the antenna isolation between the two Tx paths, we propose to follow the same framework for PC1.5 single UL carrier to define separate requirements for handheld UE and FWA respectively.

Proposal 2: For intra-band contiguous UL CA with and without UL MIMO, define separate requirements for handheld UE and FWA respectively.

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 6: 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 7: 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 8: 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.

Proposal 3: Deprioritize the specifications development for PC1.5 intra-band non-contiguous UL CA due to the limited use cases and performance gain as compared to its PC2 counterpart.      
3	Conclusion

In this contribution, we share our further views on intra-band contiguous and non-contiguous UL CA with PC1.5 and propose RAN4 to focus on PC1.5 intra-band contiguous UL CA without dualPA-Architecture for RF requirements development and deprioritize PC1.5 intra-band non-contiguous UL CA due to limited use cases and performance gain as compared to its PC2 counterpart.

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, or the total maximum output power would be less than 29 dBm.

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 contiguous UL CA without UL MIMO, UE may still choose dualPA-Architecture for implementation provided the MPR/A-MPR requirements based on Tx diversity configuration can be fulfilled which would be transparent to networks.

Proposal 2: For intra-band contiguous UL CA with and without UL MIMO, define separate requirements for handheld UE and FWA respectively.

Observation 6: 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 7: 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 8: 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 3: Deprioritize the specifications development for PC1.5 intra-band non-contiguous UL CA due to the limited use cases and performance gain as compared to its PC2 counterpart.
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