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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 last RAN4 meeting. However, the solution to address the SAR issue was not concluded. A wayforward to summarize the proposals was approved, and basically the solution is still open [1]. 
The content in the wayforward [1]:

	Background from last 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


Wayforward for RAN4#91:

- Target on concluding a solution to solve SAR issue in RAN4#91, feasibility and necessity provided in this meeting can be further studied

- Reporting combined maximum duty cycle capability between LTE and NR

- Solving SAR issue by only reporting one overall maximum duty cycle capability

- UE centric solution can be further studied, including combining with network centric solution

- TDM patterns based on NR TDD configuration requested by operators as well as existing LTE TDD configurations 

- Other solutions are not precluded

In this contribution, we further discuss the issues based on the guideline from the approved wayforward.
2. Discussion
As in the wayforward [1], several solutions for the PC2 FDD-TDD HPUE to meet the SAR requirement were discussed during last RAN4 meeting. Although the solutions seem a little diverse, we still think it is possible to converge to a single solution that can address all the proposals. 
First, regarding the solution to meet the overall UL duty cycle, we think it is worth to consider a general solution which can cover option 1 and option 2, reduce Tx time or Tx power for LTE FDD UL, whether to choose option 1 or 2 can be configured by operators.
- Solution for PC2 FDD-TDD HPUE to meet the overall UL duty cycle
Figure 1 shows the concept of the solution, which is combined from the proposals in the previous meeting [2][3]. Here we focus on the 23dBm + 23dBm FDD-TDD HPUE.
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Figure 1: Solution for 23dBm + 23dBm PC2 FDD-TDD HPUE 
As shown in Figure 1, with the knowledge of the maximum LTE power setting for EN-DC, LTE UL duty cycle and NR duty cycle, UE can check if the maximum NR UL power can still be maintained within the reported UE capability. The maximum NR power will be lowered if this setting exceeds the reported UE capability. It is possible to setup 100% UL duty cycle on LTE, then the solution is similar as in [2]. However, there are some open issues need further discussion as follows.

- How to check and adjust the setting to meet the reported UE capability.

- How to setup the UL duty cycle, whether by scheduling or by TDM patterns.

- How to avoid weird settings that might result in no power left in NR.
But we think we can first agree on the general concept and then further discuss the remaining issues.
Proposal 1: Consider a general solution for PC2 FDD-TDD HPUE as in figure 1.
- UE capability for the maximum UL duty cycle
In the last meeting, it has been discussed whether one capability for the overall maximum UL duty cycle or two separate duty cycle capability for the PC2 FDD-TDD UE [3][4]. We still think one capability for the EN-DC overall maximum uplink duty cycle is enough to describe how much power UE can handle to meet the SAR requirement. With the knowledge of the duty cycle and the maximum power for LTE and NR, UE can easily check whether current setting can meet the overall maximum uplink duty cycle. If we set different UL duty cycle capabilities for LTE and NR, the two capabilities will be dependent on each other and might lose some flexibility for the overall operation. And if there exist some dependency between the two capabilities, it is still possible to set the capability to be overall maximum uplink duty cycle plus another parameter for the dependency, but first we need to have clear understanding of the dependency.
Below equation shows the relation between the LTE UL duty cycle, NR UL duty cycle and the overall maximum UL duty cycle. Here we assume equal weighting for the SAR effect between the LTE side and the NR side since the UE should also pass the SAR for the LTE and NR single band respectively.
·  DutyEN = DutyLTE *( PLTE/ P26) + DutyNR *(PNR/ P26),  DutyEN  ≤ MaxUplinkDutyCycle
….(1)
PLTE, PNR, P26 represent the maximum linear power (mW) of LTE, NR, and EN-DC power class 2 respectively; DutyLTE, DutyNR, DutyEN represent the normalized uplink duty cycle of LTE, NR and EN-DC respectively. MaxUplinkDutyCycle represents the overall upper limit for the UL duty cycle of PC2 EN-DC from the UE capability.
Anyway, we are open to discuss further but we think at least the reported capability shall support to reflect the total overall maximum UL duty cycle up to 100% as in NR standalone PC2 HPUE, and set the default value to be 50%.
Proposal 2: At least the reported UE capability shall support to reflect the total overall maximum UL duty cycle up to 100% as in NR standalone PC2 HPUE, and set the default value to be 50%.

- One capability for the overall maximum UL duty cycle between LTE and NR is preferred

- check whether the relation between the LTE UL duty cycle, NR UL duty cycle and the overall maximum UL duty cycle in equation 1 is agreeable

- Regarding how to setup the LTE duty cycle (by TDM patterns or scheduling)
Another issue need further discussion is how to setup the LTE duty cycle in FDD. First, of course 100% UL duty cycle is feasible since it’s the natural part of FDD. Second, reusing the LTE TDM pattern could be feasible as it is similar as in the single switch uplink solution, but whether to introduce new TDM patterns can be further discussed in the WI phase. Third, whether it is feasible to have more flexibility not to restrict the available UL by the patterns needs further discussion, in this case whether additional signalling is needed (for example, explicitly signal the UL duty cycle) also needs further discussion.
Proposal 3: Regarding how to setup the LTE UL duty cycle on the LTE FDD

- At least 100% UL duty cycle is feasible 

- At least the existing LTE TDM patterns are feasible, whether to introduce new TDM patterns can be further discussed in the WI phase
- Discuss whether it is feasible to setup the LTE UL duty cycle by scheduling, and whether additional signalling is needed (for example, explicitly signal the UL duty cycle)
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 observations and proposals are made below.
Proposal 1: Consider a general solution for PC2 FDD-TDD HPUE as in figure 1.
Proposal 2: At least the reported UE capability shall support to reflect the total overall maximum UL duty cycle up to 100% as in NR standalone PC2 HPUE, and set the default value to be 50%.


- One capability for the overall maximum UL duty cycle between LTE and NR is preferred

- check whether the relation between the LTE UL duty cycle, NR UL duty cycle and the overall maximum UL duty cycle in equation 1 is agreeable

Proposal 3: Regarding how to setup the LTE UL duty cycle on the LTE FDD

- At least 100% UL duty cycle is feasible 

- At least the existing LTE TDM patterns are feasible, whether to introduce new TDM patterns can be further discussed in the WI phase

- Discuss whether it is feasible to setup the LTE UL duty cycle by scheduling, and whether additional signalling is needed (for example, explicitly signal the UL duty cycle)
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