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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]. However, for inter-band UL CA and DC, the HPUE feature has only been specified up to PC2, despite PC1.5 has already been introduced for single UL TDD band since Rel-16. Without the introduction of PC1.5 for inter-band UL CA and DC, it would not be applicable to extend the “increasing UE power high limit” feature for PC1.5 HPUE to further enhance the coverage of inter-band UL combinations.     

Considering that many existing UEs are already hardware capable of supporting PC2+PC2 in TDD+TDD band combinations, such as CA_n41A-n77A, introducing PC1.5 for inter-band UL CA and DC shall be proceeded sooner than later in order to fully appreciate the benefit of HPUE. In addition, many existing UEs are also already hardware capable of supporting inter-band combinations with simultaneous 1Tx transmission in one band (TDD or FDD) and 2Tx transmission in the other band (TDD) for UL MIMO or Tx diversity, such as CA_n3A-n78A where n3A can be PC3 1Tx and n78A can be PC2 or PC1.5 2Tx. With the anticipation that there is none or limited new UE RF requirements to be specified to support such configurations, especially for TDD+TDD combinations, the simultaneous 3Tx feature for 2-band inter-band combinations can be a low hanging fruit to further enhance UE UL throughput and coverage.

Observation 1: Many existing UEs are already hardware capable of supporting PC2+PC2 in TDD+TDD band combinations.

Observation 2: Many existing UEs are already hardware capable of supporting inter-band combinations with simultaneous 1Tx transmission in one band (TDD or FDD) and 2Tx transmission in the other band (TDD) for UL MIMO or Tx diversity.
                           
2 Proposed UL configurations and requirements

As mentioned above, to leverage the “increasing UE power high limit” feature for PC1.5 capable UE, it is imperative to first introduce PC1.5 UL combination into the specifications. In our view, the easiest migration path is to start with PC2+PC2 in TDD+TDD band combinations, such as PC1.5 for UL CA_n41A-n77A. Since for TDD+TDD combination under simultaneous 2Tx operation, there would not be DL reception in both bands, therefore the 2UL IMD issue does not need to be considered.  

Observation 3: For TDD+TDD combination under simultaneous 2Tx operation, there would not be DL reception in both bands, therefore the 2UL IMD issue does not need to be considered.

The second set of proposed UL configurations are based on simultaneous 3Tx transmission in two UL bands with 1CC strictly in each band where one band is with 1Tx transmission (FDD or TDD band) and the other band is with 2Tx transmission (TDD band only) for UL MIMO or Tx diversity operation. The potential band combinations can be CA_n3A-n41A, CA_n3A-n78A, CA_n25A-n41A, and CA_n41A-n71A, etc. Under this set of UL configurations, the UL power can be PC2, PC2 with “increasing UE power high limit”, PC1.5, and PC1.5 with “increasing UE power high limit”. Since for inter-band UL combinations, the Tx requirements are basically per-band based, and the RF characteristic for UL MIMO or Tx diversity with 1CC is virtually no different from 1Tx, therefore, no new Tx requirement is expected for such UL configurations. On the Rx requirements side, for PC2 and PC2 with “increasing UE power high limit”, there would be no difference from the existing inter-band UL combinations with 2Tx. For PC1.5 and PC1.5 with “increasing UE power high limit”, there would not be any new requirement for TDD+TDD combinations. In our view, the only potential new requirements to be developed are for PC1.5 and PC1.5 with “increasing UE power high limit” for FDD+TDD combinations.

Observation 4: For inter-band UL combinations, the Tx requirements are basically per-band based, and the RF characteristic for UL MIMO or Tx diversity with 1CC is virtually no different from 1Tx. Therefore, no new Tx requirement is expected for the intended 3Tx UL configurations.

Observation 5: On the Rx requirements side, for PC2 and PC2 with “increasing UE power high limit”, there would be no difference from the existing inter-band UL combinations with 2Tx.

Observation 6: For PC1.5 and PC1.5 with “increasing UE power high limit”, there would not be any new Rx requirement for TDD+TDD combinations.

Observation 7: The only potential new Rx requirements to be developed are for PC1.5 and PC1.5 with “increasing UE power high limit” for FDD+TDD combinations.

In summary, with the anticipation that there is none or limited new UE RF requirements to be specified to support the above UL configurations, we propose the following objectives to be included in the Rel-18 new WID for HPUE with simultaneous 2Tx and 3Tx [2]. We think these enhanced UL features can immensely benefit the UE UL coverage as well as throughput performance and shall be developed sooner than later.

3	Proposed objectives

1. Introduction of PC1.5 for TDD (PC2) + TDD (PC2) inter-band UL CA or DC 
· Investigate and specify, if needed, any new general UE RF requirement to support the configuration.
· Specify, if needed, any band combination specific UE RF requirement to support the following example band combination. 
· Example band combination, CA_n41A-n77A
2. 2-band inter-band UL CA or DC with simultaneous 3Tx
· PC2
· PC3 TDD 1Tx + PC3 TDD 2Tx (example band combination: CA_n41A-n77A)
· PC3 FDD 1Tx + PC3 TDD 2Tx (example band combinations: CA_n3A-n78A, CA_n41A-n71A)
· PC2 with “increasing UE power high limit” feature
· PC3 TDD 1Tx + PC2 TDD 2Tx (example band combination: CA_n41A-n77A)
· PC3 FDD 1Tx + PC2 TDD 2Tx (example band combinations: CA_n3A-n78A, CA_n41A-n71A)
· PC1.5
· PC2 TDD 1Tx + PC2 TDD 2Tx (example band combination: CA_n41A-n77A)
· PC1.5 with “increasing UE power high limit” feature
· PC3 TDD 1Tx + PC1.5 TDD 2Tx (example band combination: CA_n41A-n77A)
· PC3 FDD 1Tx + PC1.5 TDD 2Tx (example band combination: CA_n3A-n78A, CA_n41A-n71A)
· PC2 TDD 1Tx + PC1.5 TDD 2Tx (example band combination: CA_n41A-n77A)
· Investigate and specify, if needed, any new general UE RF requirement to support the above configurations.
· Specify, if needed, any band combination specific UE RF requirement to support the above example band combinations.

Proposal: RAN to approve a new WID on HPUE with simultaneous 2Tx and 3Tx comprising the above proposed objectives.
  
4	Conclusion

In this contribution, we provide the background and motivation behind a new Rel-18 WID proposal on HPUE with simultaneous 2Tx and 3Tx.

Observation 1: Many existing UEs are already hardware capable of supporting PC2+PC2 in TDD+TDD band combinations.

Observation 2: Many existing UEs are already hardware capable of supporting inter-band combinations with simultaneous 1Tx transmission in one band (TDD or FDD) and 2Tx transmission in the other band (TDD) for UL MIMO or Tx diversity.

Observation 3: For TDD+TDD combination under simultaneous 2Tx operation, there would not be DL reception in both bands, therefore the 2UL IMD issue does not need to be considered.

Observation 4: For inter-band UL combinations, the Tx requirements are basically per-band based, and the RF characteristic for UL MIMO or Tx diversity with 1CC is virtually no different from 1Tx. Therefore, no new Tx requirement is expected for the intended 3Tx UL configurations.

Observation 5: On the Rx requirements side, for PC2 and PC2 with “increasing UE power high limit”, there would be no difference from the existing inter-band UL combinations with 2Tx.

Observation 6: For PC1.5 and PC1.5 with “increasing UE power high limit”, there would not be any new Rx requirement for TDD+TDD combinations.

Observation 7: The only potential new Rx requirements to be developed are for PC1.5 and PC1.5 with “increasing UE power high limit” for FDD+TDD combinations.

Proposal: RAN to approve a new WID on HPUE with simultaneous 2Tx and 3Tx comprising the proposed objectives in section 3.
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