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1. Introduction

The EN-DC High Power UE including 1 LTE FDD band and 1 NR TDD band has been intensively discussed in several RAN4 meetings. Here are some backgrounds for the solutions to meet the overall uplink duty cycle for PC2 FDD-TDD HPUE.
	Background from WF R4-1902452:

Further study the following solutions to meet the overall uplink duty cycle for the PC2 FDD-TDD HPUE, starting from case 1

Option 1: Reduce Tx time for LTE FDD UL

Restrict LTE FDD UL transmission by TDM patterns can be considered as the starting point for option 1

Option 2: Reduce Tx power for LTE FDD UL

Other options are not precluded


During last RAN4 meeting, a wayforward regarding the relationship between the duty cycle for LTE and NR, max LTE and NR power, and the maximum UL duty cycle for PC2 FDD-TDD EN-DC was approved [1].
-For case 1 PC2 FDD-TDD HPUE

-Further discuss

-The relationship between the duty cycle for LTE and NR, max LTE and NR power, and the maximum UL duty cycle for PC2 FDD-TDD EN-DC in the next meeting, starting from the following equation:

DutyLTE*(PLTE/ P26) + DutyNR*(PNR/ P26) ≤ Duty threshold….(1)
-PLTE, PNR, P26 represent the maximum linear power (mW) of LTE, NR, and EN-DC power class 2 respectively; DutyLTE, DutyNR represent the normalized uplink duty cycle of LTE and NR respectively. 

-Duty threshold is the maximum UL duty cycle used to maintain the PC2 power class for FDD+TDD ENDC HPUE.

-The SAR effect differences for FDD and TDD bands will be considered.

-How to reflect the SAR difference for different bands in the above equation will be further studied.

-P-MPR can always be used by UE for SAR when necessary.

-Other solutions are not precluded.

In this contribution, we further discuss the issues based on the discussions during the last RAN4 meeting. And proposals are made in section 3.
2. Discussion
During last RAN4 meeting, a wayforward was agreed regarding the relation between the LTE UL duty cycle, NR UL duty cycle and the overall maximum UL duty cycle when discussing the wayforward. Following the guideline from the wayforward, the following equation can be the starting point.
· DutyLTE *( PLTE/ P26) + DutyNR *(PNR/ P26)  ≤ Duty threshold
….(1)
PLTE, PNR, P26 represent the maximum linear power (mW) of LTE, NR, and EN-DC power class 2 respectively; DutyLTE, DutyNR represent the normalized uplink duty cycle of LTE, NR respectively. Duty threshold is the maximum UL duty cycle that can maintain the PC2 power class for FDD+TDD EN-DC HPUE.
In equation (1), equal weighting is assumed between the LTE part and the NR part. We think it is straight forward and fair to consider equal weighting here, given that the UE should also pass the SAR for the LTE and NR single band respectively, the SAR effect for aggregating two bands will not be worse than the worst case of the single band. 
Proposal 1: Confirm that the following equation is applied between the LTE UL duty cycle, NR UL duty cycle and the overall duty threshold, as in the latest WF.
· DutyLTE *( PLTE/ P26) + DutyNR *(PNR/ P26)  ≤ Duty threshold
….(1)

- Duty threshold is the maximum UL duty cycle used to maintain the PC2 power class for FDD+TDD EN-DC HPUE
-PLTE, PNR, P26 represent the maximum linear power (mW) of LTE, NR, and EN-DC power class 2 respectively; DutyLTE, DutyNR represent the maximum uplink percentage of LTE and NR respectively. 
The duty threshold in equation 1 can be based on the UE capability, which can be up to 100% but with minimum value 50% if we follow the principles from the NR standalone HPUE. With this approach, we can have the knowledge of the baseline UL performance
However, during last RAN4 meeting, some UE vendors showed concerns that the SAR effect might be different among different bands, and UE might not pass the SAR requirement even with 23dBm UL power with 100% UL transmission ratio. However, it is common understanding that P-MPR can always be used by UE for SAR, though some restrictions are mentioned in the current specification. Some possible extensions were discussed in another contribution [2].

To address the UE vendors concern, we are willing to compromise by setting the minimum duty threshold to be 45% in equation 1, which can give the UE more margins to pass the SAR. This kind of principle had been used in the TDD-TDD EN-DC 23dBm+23dBm HPUE. 
Proposal 2: The duty threshold mentioned in proposal 1 can be up to 100% based on the reported UE capability, but with minimum duty threshold to be 45% to address the UE vendor’s concerns on different SAR effects on FDD and TDD bands.
In equation 1, DutyLTE, DutyNR represent the normalized uplink duty cycle of LTE, NR respectively. The uplink duty cycle of NR can be determined from the TDD UL/DL configuration, however there is no uplink duty cycle setting in LTE FDD part. Some possible solutions had been discussed in previous meetings, one possible solution is to re-use the LTE TDM pattern in the single switch uplink solution, and other possibility is to let UE determine from the scheduling. We propose to include both solutions in this study item.
Proposal 3: The LTE duty cycle in the equation of proposal 1 can be set up by TDM pattern or determined by the UE from the scheduling.
· Two options to meet the overall uplink duty cycle have been listed in the WF R4-1902452, option 1 is to reduce the Tx time in FDD UL, while option 2 is to reduce the Tx power in the FDD UL. Based on the discussion in the previous RAN4 meetings, we found that it is difficult to combine both options into a general solution [3][4][5], so we propose to include a solution based on option 1 in this study item. In this solution, equation 1 can simplified to equation 2 and 3 for case 1 and case 2 PC2 FDD-TDD EN-DC respectively.
· 
0.5*DutyLTE  + 0.5*DutyNR   ≤ Duty threshold
….(2) – for case 1 PC2 FDD-TDD EN-DC 23dBm + 23dBm
· 
0.5*DutyLTE  + DutyNR   ≤ Duty threshold

….(3) – for case 2 PC2 FDD-TDD EN-DC 23dBm + 23dBm
Proposal 4: Approve the text proposal in the R4-1908597, which includes the solution based on proposal 1 to 3 plus the option 1, to reduce the Tx time in FDD UL to meet the overall uplink duty threshold.
3. Conclusion
In this contribution, we further discuss the EN-DC High Power UE including 1 LTE FDD band and 1 NR TDD band, and some proposals are made below.
Proposal 1: Confirm that the following equation is applied between the LTE UL duty cycle, NR UL duty cycle and the overall duty threshold, as in the latest WF.

· DutyLTE *( PLTE/ P26) + DutyNR *(PNR/ P26)  ≤ Duty threshold
….(1)

- Duty threshold is the maximum UL duty cycle used to maintain the PC2 power class for FDD+TDD EN-DC HPUE
-PLTE, PNR, P26 represent the maximum linear power (mW) of LTE, NR, and EN-DC power class 2 respectively; DutyLTE, DutyNR represent the maximum uplink percentage of LTE and NR respectively. 

Proposal 2: The duty threshold mentioned in proposal 1 can be up to 100% based on the reported UE capability, but with minimum duty threshold to be 45% to address the UE vendor’s concerns on different SAR effects on FDD and TDD bands.
Proposal 3: The LTE duty cycle in the equation of proposal 1 can be set up by TDM pattern or determined by the UE from the scheduling.

Proposal 4: Approve the text proposal in the R4-1908597, which includes the solution based on proposal 1 to 3 plus the option 1, to reduce the Tx time in FDD UL to meet the overall uplink duty threshold.
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