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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].
In this contribution, we provide the test proposals based on the discussion paper [2][3].
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3. Text proposal to TR 37.815
6
SAR limits
6.1
General
To accommodate the SAR limits of the PC2 FDD-TDD High Power UE, a combined UE based and network-based solution is considered in the study phase. In the network-based solution, there will be a threshold based on the combination of duty cycle and power settings of LTE and NR, the PC2 UE is assumed to be capable of maintaining the PC2 power if the network setting or scheduling does not exceed the threshold. In addition to the network based solution, a UE based solution based on the autonomous UE maximum power backoff mechanism, i.e., P-MPR, can further allow the UE to ensure SAR compliance.
The following equation is applied between the LTE UL duty cycle, NR UL duty cycle and the overall duty threshold.
· 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 maximum uplink percentage of LTE, NR respectively. Duty threshold represents the maximum UL duty cycle that can maintain the PC2 power class for FDD+TDD ENDC HPUE.
The value of duty threshold will be based on the reported UE capability, which can be up to 100%. But the minimum  value can be 45% to address the UE vendor’s concerns on different SAR effects on FDD and TDD bands.
Note that equation 1 is only applicable for the max output power. Once the output power is lowered down, the UE UL duty cycle can be increased accordingly if the power does not exceed the SAR requirement.
6.2
Case1 of power class 2

6.2.1
Scheme X
In the case 1 of power class 2 FDD-TDD EN-DC UE, the maximum uplink power of LTE and NR are both 23dBm. For the UE capable of using P-MPR, equation 1 can be simplified to the following equation by setting the PLTE, PNR to be 23dBm in this scheme.

· 0.5*DutyLTE  + 0.5*DutyNR   ≤ Duty threshold
….(2)

DutyNR, the uplink percentage of the NR TDD part, can be determined by the NR TDD UL/DL configuration. DutyLTE, the maximum uplink percentage of the LTE FDD, can be set up by TDM pattern or determined by the UE from the scheduling. With the fixed NR TDD UL/DL configuration in practical, the maximum uplink percentage of LTE FDD might be adjusted in order to keep the PC2 power.
The PC2 case 1 UE is allowed to fallback to PC3 if the LTE uplink scheduling or the TDM pattern setting of the LTE UL, together with the NR UL/DL configuration exceeds the duty threshold based on the equation 2.

6.3
Case2 of power class 2

6.3.1
Scheme Y
In the case 2 of power class 2 FDD-TDD EN-DC UE, the maximum uplink power of LTE and NR are 23dBm and 26dBm respectively. For the UE capable of using P-MPR, equation 1 can be simplified to the following equation by setting the PLTE, PNR to be 23dBm and 26dBm in this scheme. But note that in case 2 PC2 UE, the total maximum power of LTE and NR cannot exceed 26dBm when transmitting both LTE UL and NR UL at the same time.
· 0.5*DutyLTE  + DutyNR   ≤ Duty threshold
….(3)

As same as the scheme in section 6.2.1, DutyNR can be determined by the NR UL/DL configuration. DutyLTE can be set up by TDM pattern or determined by the UE from the scheduling. 
The PC2 case 2 UE is allowed to fallback to PC3 if the LTE uplink scheduling or the TDM pattern setting of the LTE UL, together with the NR UL/DL configuration exceeds the duty threshold based on the equation 3. 
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