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Introduction
SI on high power UE (power class 2) for one NR FDD band was approved in RAN#90e meeting [1]. Objectives to be studied in the SI include: 
1) Study the applicable scheme(s) for new power class 2 UE for one NR FDD band to comply with the SAR limits with 26dBm UE Tx power, the example band for this study is NR band n1 and n3. 
a. Study candidate SAR solutions, e.g. P-MPR, duty cycle capability, etc.
b. Study regulatory requirements related to 26dBm Tx power in FDD bands including SAR.
Note: Prioritize studies for the existing SAR solutions.
2) Study interference issues (e.g. self-desense, cross device coexistence…). 
a. Study RF requirements for PC2 UE in FDD band, including self-desense requirements, Tx requirements such as A-MPR, and so on.
b. Study adjacent channel co-existence for FDD band.
c. Investigate issues related to in-device interference, if identified.
3) Study UE implementation related issues such as RF component feasibility to support 26dBm output power in band n1 and n3 at first. Other example FDD bands are not precluded, if needed.
4) Evaluate system performance gains on spectrum efficiency, and other metrics if needed could also be taken into account, to support NR FDD HPUE.
5) Study the applicable scheme(s) for new power class 2 UE for one NR FDD band to comply with the SAR limits with 26dBm UE Tx power, the example band for this study is NR band n1 and n3. 
a. Study candidate SAR solutions, e.g. P-MPR, duty cycle capability, etc.
b. Study regulatory requirements related to 26dBm Tx power in FDD bands including SAR.
Note: Prioritize studies for the existing SAR solutions.
6) Study interference issues (e.g. self-desense, cross device coexistence…). 
a. Study RF requirements for PC2 UE in FDD band, including self-desense requirements, Tx requirements such as A-MPR, and so on.
b. Study adjacent channel co-existence for FDD band.
c. Investigate issues related to in-device interference, if identified.
7) Study UE implementation related issues such as RF component feasibility to support 26dBm output power in band n1 and n3 at first. Other example FDD bands are not precluded, if needed.
8) Evaluate system performance gains on spectrum efficiency, and other metrics if needed could also be taken into account, to support NR FDD HPUE.
This contribution provides our consideration on the above issues. 
Discussion
SAR solutions
SAR issue and corresponding solutions had been discussed extensively for some HPUE related WIs, e.g. TDD HPUE, TDD-TDD EN-DC HPUE, FDD-TDD EN-DC HPUE, etc. So far, two kinds of SAR solutions are considered in the specification. One is up to UE implementation, i.e. P-MPR based solution, the other one is duty cycle capability based, which involves network assistance to help mitigate the SAR issue upon the reported UE capability. As these HPUE features are release independent from Rel-15, the agreement in RAN4 is that P-MPR solution is the baseline, and other ones are optional solutions. 
Observation 1: P-MPR is the baseline SAR solution for the HPUE feature.
On top of the UE implementation solution, duty cycle capability solution is also adopted for the HPUE SAR solution. For Rel-15 TDD HPUE, the following UE capability was introduced.
BandNR ::=                          SEQUENCE {
bandNR                              FreqBandIndicatorNR,
modifiedMPR-Behaviour               BIT STRING (SIZE (8))                           OPTIONAL,
mimo-ParametersPerBand              MIMO-ParametersPerBand                          OPTIONAL,
    
…,
[[
maxUplinkDutyCycle-PC2-FR1                  ENUMERATED {n60, n70, n80, n90, n100}   OPTIONAL
]],
As different from LTE with fixed UL/DL configurations, the scheduling for NR is more flexible. Though there is no UL/DL configuration issue for FDD bands, but in real network, UL transmission may not occupy all the slots, thus the duty cycle concept is still applicable for FDD UL scheduling. 
In our view, besides the UE implementation based solution, duty cycle capability can also be introduced for FDD bands to support HPUE. The existing capability of maxUplinkDutyCycle-PC2-FR1 can be reused for FDD bands, and the default duty cycle capability can be defined as 50%.                  
Proposal 1: P-MPR is the baseline SAR solution for FDD HPUE.
Proposal 2: Existing duty cycle capability for FR1 TDD bands can be reused for FDD bands.
UE architecture and RF component feasibility
When RAN4 discussed the PC2 UE architecture for UL MIMO, two kinds of UE implementations are considered. 
Implementation 1: 2x23dBm
Implementation 2: 1x26dBm
From implementation point of view, both are feasible for FDD bands. Thus, both of these two implementation architectures should be considered for the FDD HPUE.
Proposal 3: Both UE architectures of 1Tx 26dBm and 2Tx 23dBm should be considered for FDD PC2 HPUE.
For RF component feasibility, the concern is that whether RF front end components, e.g. duplexer could handle the power capacity if UE transmits higher output power. For similar frequency range TDD bands, even higher frequency bands, we know that these TDD bands can also support PC2 HPUE, and the supported UL duty cycle is a UE capability. According to RAN4 agreement, UE is allowed to report 100% UL duty cycle. In that case, the power capacity handing situation is the same as that for FDD bands. Therefore, for the state-of-the-art technology, there should be implementation feasibility issue for the RF front end component design. It is possible that the RF component selected for PC3 UE may not handle high output power, however, the FDD HPUE would be new design, which should not be limited by the legacy design or for the PC3 UE already shipmented. 
Observation 2: RF component feasibility is not a limiting issue for FDD PC2 HPUE according to current implementation capability.
Proposal 4: RF component feasibility is not a limiting issue for FDD PC2 HPUE
Self-interference
Two example FDD bands are considered in the SI, one is band n1 and the other one is n3.
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high

	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD


It is known that increasing of output power could also increase the Tx noise presented at the Rx band, which in turn could deteriorate the REFSENS. However, the impact of the Tx noise depends on the frequency separation between Tx and Rx band. For band n1, the Tx-Rx separation is 190MHz, which is larger enough to neglect the Tx noise effect. But for band n3, since the separation is only 20MHz while the band frequency range is 75MHz, the self-interference should be analysed due to the increased output power.
Observation 3: Self-interference or Tx noise impact on REFSENS could be different for different FDD bands.
Proposal 5: Self-interference or Tx noise impact on REFSENS should be studied case by case.
Co-existence issue
Potential co-existence issue was also discussed in RAN meeting. Usually RAN4 carries out the co-existence study via Monte Carlo based simulation. Previously, this kind of study had ready been done for LTE TDD HPUE. In the simulation, the activated UEs with UL transmission with power control are used in the performance evaluation. As the simulation is performed for multiple snapshots, from the simulation assumptions and simulation procedure perspectives, there is no big difference for TDD bands or FDD bands. Therefore, the conclusion derived from simulation for TDD HPUE can also be used for FDD bands. 
Observation 4: The co-existence study conclusion based on simulation for TDD HPUE can be used for FDD HPUE as well. 
Proposal 6: No need to perform the co-existence simulation for FDD HPUE and previous conclusion for TDD HPUE can used for FDD as well.  
System performance evaluation
Preliminary system performance was already evaluated when the SI was proposed. Simulation assumptions are recommend in [2]. Based on the simulation results, we see obvious performance gain on cell average throughput for FDD HPUE. With the similar simulation assumptions, we also performed system level evaluation in [3].
Observation 5: Obvious performance gain on cell average throughput can be found in system level simulation evaluation.
Conclusion
Consideration on FDD PC2 HPUE are provided in this contribution. From both implementation and system performance point of view, we see the feasibility and necessity to support FDD HPUE to meet the deployment demand for operators.
Observation 1: P-MPR is the baseline SAR solution for the HPUE feature.
Observation 2: RF component feasibility is not a limiting issue for FDD PC2 HPUE according to current implementation capability.
Observation 3: Self-interference or Tx noise impact on REFSENS could be different for different FDD bands.
Observation 4: The co-existence study conclusion based on simulation for TDD HPUE can be used for FDD HPUE as well. 
Observation 5: Obvious performance gain on cell average throughput can be found in system level simulation evaluation.
Based on the above observations, we have the following proposals for FDD HPUE.
Proposal 1: P-MPR is the baseline SAR solution for FDD HPUE.
Proposal 2: Existing duty cycle capability for FR1 TDD bands can be reused for FDD bands.
Proposal 3: Both UE architectures of 1Tx 26dBm and 2Tx 23dBm should be considered for FDD PC2 HPUE.
Proposal 4: RF component feasibility is not a limiting issue for FDD PC2 HPUE
Proposal 5: Self-interference or Tx noise impact on REFSENS should be studied case by case.
Proposal 6: No need to perform the co-existence simulation for FDD HPUE and previous conclusion for TDD HPUE can used for FDD as well.  
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