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1 Introduction
WF on NSA FDD-TDD HPUE in last RAN4 meeting was agreed in [1]. The solutions are not converging yet. This contribution provides our further consideration on these SAR related solutions.
2 Discussion

The content of the WF in last meeting is copied as below:

	· 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.


Essentially, the solutions discussed in last meeting are those identified before. 
· 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 

These options were discussed in [2-5]. Similar discussion also happens for TDD+TDD HPUE, and in last meeting, it was agreed in RAN4 to define a per band combination capability of maxUplinkDutyCycle-EN-DC [6]. For TDD-FDD HPUE, the discussion is converged to a total band combination capability. 
When we discuss the maximum duty cycle capability, one issue which is not discussed in detail is that in the real network, the duty cycle for LTE or NR could be fixed, which may not be changed arbitrarily due to the mutual interference between the adjacent TDD operators. For TDD+TDD HPUE, TDD configuration for LTE could be the basis for deriving the configuration of NR if some limitations, e.g. simultaneous Tx/Rx, are taken into consideration for the EN-DC band combination. While for FDD+TDD HPUE, the TDD configuration for NR would be the basis for considering the UL duty cycle capability for LTE side. 
DutyLTE*(PLTE/ P26) + DutyNR*(PNR/ P26) ≤ Duty threshold
With an overall per band combination duty cycle capability, the UL transmission period for one RAT can be determined by duty cycle of the other RAT as well as the transmission power. Actually the duty cycle can be allocated in LTE and NR flexibly, which give more flexibility for network scheduling scheme. 
Unlike TDD+TDD, if reducing Tx time for LTE FDD UL is one option to be considered, TDD configuration is just one alternative for deciding the TDM pattern. Some agreements were reached in RAN1#90 meeting for the SUO TDM pattern. 
	When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers

For LTE carrier, UE can be configured with 

Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell

· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied

· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration

· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact

Case 2: Release 15 LTE-FDD HARQ timing

· No impact on LTE RAN1 specifications

Note: it doesn’t necessarily imply that UE has to support both cases


Case 1 is based on LTE TDD configuration, while case 2 relies on network scheduling. 
If maximum UL duty cycle is introduced in Rel-16 for EN-DC HPUE, we think the manner should be unique for both FDD+TDD and TDD+TDD HPUE. According to the above analysis, the reference could be either LTE or NR, or even without specific configuration, therefore, only reporting one overall maximum duty cycle capability is more appropriate.

Proposal 1: It is proposed to report one overall maximum UL duty cycle capability for FDD+TDD EN-DC HPUE if such capability is introduced in Rel-16.
It is known that P-MPR could be used in some scenarios, e.g. multi-RAT simultaneous transmission, proximity detection. For these scenarios, P-MPR is not coupled with the maximum UL duty cycle capability for HPUE, since for PC3 UE P-MPR is also allowed for these cases. Therefore, the UE autonomous power back off solution should be adopted in conjunction with the maximum UL duty cycle UE capability. 
UE solution was discussed in [4]. Since the maximum UL duty cycle capability is optionally reported to the network, it is possible that the network could ignore the capability for its UL scheduling. In this case, UE has to use P-MPR to reduce the output power at some circumstances. 
On the other hand, maximum UL duty cycle capability shall only be used for the max output power. If the output power is lowered down, increasing the UL duty cycle should be allowed, even no limitation for the duty cycle is possible if the output power can meet the SAR requirement. 
The concern for P-MPR during the discussion is that the UE autonomous power back off is not manageable for the network as the exact power back off is not known for the network. To improve the autonomous UE behavior to use P-MPR, the P-bit in PHR reporting can be utilized to indicate whether P-MPR takes effect for the SAR compliance scenarios [8][9]. 
From implementation point of view, even P-MPR is adopted by UE autonomously to meet the SAR requirement, for a better designed UE, it will try to find some ways to mitigate the impact on the performance due P-MPR. For example, even under the proximity condition, the P-MPR values could be different for the upper antenna and lower antenna, and it is possible to use less power back off if the antenna in use is not the one close to the head. Considering the implementation complexity and variety of scenarios, we think some flexibility is needed for UE implementation and it is not appropriate to have some restrictions on the applicable P-MPR values. 
Proposal 2: The maximum UL duty cycle capability is only applicable for the max output power, once the output power is lowered down, the UL duty cycle can be increased accordingly if the power does not exceed the SAR requirement.

Based on the reported maximum UL duty cycle capability, the network can decide how to schedule the UE UL transmission. As the capability is only applicable for the max output power, it is most likely that the case happens at the cell edge where UE needs to increase the output power to guarantee the coverage. The network may consider the duty cycle capability based on its own measurement or rely on the PHR reporting. Nevertheless, network can also ignore the maximum UL duty cycle capability if it thinks the UE is not at the max transmission condition. Even in this scenario, UE may need to use P-MPR solution to meet the SAR requirement in some cases, e.g. the proximity sensor takes effect or the output power exceeds a certain threshold.
Proposal 3: It is proposed to use combined network based and UE based solution to further improve the SAR compliance issue for EN-DC HPUE. 
For FDD+TDD EN-DC, once the network decide to follow the reported UE UL duty cycle capability in certain scenario, it needs to consider which option shall be utilized, i.e. SUO case 1 based on TDD configuration or SUO case 2 based on network scheduling implementation. The latter one has to follow strict FDD HARQ timing, i.e. only the n+4 DL subframe can be used for corresponding the UL subframe. The performance loss is obvious compared to that based on TDD configuration. 
Example TDM pattern is given in [5], where the supposed max UL duty cycle is 50%. If DDDSUDDSUU UL-DL pattern is considered on NR side for Band n78, it can be seen that all existing LTE TDD configurations can be used based on this reported UL duty cycle capability. 
For the FDD+TDD HPUE case 1 (23dBm+23dBm) or case 2 (23dBm+26dBm), the mechanism should be the same. We even don't need to worry about the overlapping LTE and NR transmission according to the TDM pattern as based on the EN-DC power control procedure, NR would scale down the output power if the power of PLTE and PNR exceeds the PEN-DC_total. What matters is to find the suitable TDM pattern which does not exceeds the UE reported duty cycle capability.
3 Conclusion

SAR solutions for FDD+TDD EN-DC HPUE are further considered in this contribution. In order to have a better UL performance as well as complying with the SAR requirement, a combined solution would be a better choice for EN-DC HPUE. 
Proposal 1: It is proposed to report one overall maximum UL duty cycle capability for FDD+TDD EN-DC HPUE if such capability is introduced in Rel-16.

Proposal 2: The maximum UL duty cycle capability 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.

Proposal 3: It is proposed to use combined network based and UE based solution to further improve the SAR compliance issue for EN-DC HPUE. 
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