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1	Introduction 

With the concern of insufficient UL coverage for frequency bands above 2.4 GHz, high power UE (HPUE) requirements have been introduced for both E-UTRA and NR where the supported bands are only limited to TDD bands as the duty-cycled UL nature makes it feasible to fulfil the SAR requirement. In last RAN plenary meeting, a study item on high power UE (power class 2) for one NR FDD band [1] was approved. Considering that there is no duty-cycle concept in FDD bands to fulfil the SAR requirement under high power operation and the need for better duplexer isolation performance to avoid REFSENS degradation, in this contribution, we share our views on HPUE for FDD bands from the aspects of SAR requirement, duplexer performance,  REFSENS impact, and whether HPUE for FDD bands can really help improve system performance.
2 Discussion

2.1	SAR requirement

When HPUE was first introduced in LTE, the immediate concern being raised is how to fulfil the Specific Absorption Rate (SAR) requirement. SAR is a regulatory requirement which is defined as a value corresponds to the relative amount of RF energy absorbed in the head of a user of a wireless handset. For E-UTRA and NR FR1 UE, power class 3 with maximum output power at 23 dBm has been the de facto power limit to fulfil SAR requirement with contiguous UL transmission.

Since SAR requirement is defined as RF energy, if UE UL transmission can be intermittent or duty cycled, the UL transmission power can potentially be boosted to higher than 23 dBm and still meet the SAR requirement. A simple mathematical scaling has resulted in that for every 3dB increase in maximum UL output power, the transmission duty cycle would have to be reduced by 50%, and this is also the basis on how the HPUE requirements in E-UTRA and NR FR1 were defined. However, HPUE has so far only been defined for TDD bands as TDD band UL transmission by nature is already duty cycled owing to the spectrum sharing with its DL. In FDD bands, there is no concept of duty cycle and contiguous transmission has always been assumed during SAR characterization. Therefore, to support HPUE in FDD bands, 3GPP may not only alter the FDD band physical layer design, but also convince the regulatory body to accept the duty-cycled UL transmission for FDD bands in SAR characterization which could be a rather challenging task.

Observation 1: In FDD bands, there is no concept of duty cycle and contiguous transmission has always been assumed during SAR characterization.

Observation 2: To support HPUE in FDD bands, 3GPP may not only alter the FDD band physical layer design, but also convince the regulatory body to accept the duty-cycled UL transmission for FDD bands in SAR characterization.

2.2	Duplexer performance

Duplexer is a dual band-pass filter which provides isolation between closely spaced FDD UL and DL bands to prevent DL carrier from being desensitized by the UL leakages during full duplex operation. The band selectivity usually is much tighter than TDD band filter which also results in higher insertion loss. Owing to the ever-increasing number of bands support in LTE and NR, a typical modern smart phone has to pack numerous front-end filters, duplexers, and even multiplexers in a very limited space. Such demand has prompted the efforts in miniaturizing the filter dimension which also elevates the concern of power handling for duplexers.

Considering that a typical UE front-end insertion loss of 4 dB after the PA, an FDD band duplexer could observe 27dBm average power for power class 3 UE at maximum output power, where the peak power could even reach 33 to 35 dBm. For power class 2 UE, the observed power is 3dB further higher. Assuming the duplexer insertion loss is 3 dB, the power dissipation inside the tiny duplexer volume space for PC2 UE would be 2 times higher than PC3 UE which could lead to
· Frequency shifts due to heating
· Long-term degradation
· Thermal destruction 
The frequency shifts would also mean the Tx/Rx isolation could be degraded. Therefore, to support HPUE for FDD bands, duplexer power handling capability needs to be evaluated. If a filter redesign is required, it could impact the entire supply chain ecosystem.

Observation 3: To support HPUE for FDD bands, duplexer power handling capability needs to be evaluated.      
      
2.3	REFSENS impact

In FDD bands, REFSENS is not only affected by the receiver thermal noise floor (NF), the transmit leakages also attribute to REFSENS degradation. Depending on the interfering mechanisms from Tx, the corresponding impact due to the increase of Tx output power can be summarized as below,
· Thermal noise floor: 1 dB by 1 dB
· Rx reciprocal mixing: 1 dB by 1 dB
· Rx IP2 due to Tx blocker: 2 dB by 1 dB
· IM3/CIM3: 3 dB by 1 dB
· IM5/CIM5: 5 dB by 1 dB
· Large signal induced NF degradation: To be studied 
However, this is under the assumption that the duplexer Tx/Rx isolation was not degraded by the thermal effect under HPUE operation, or the REFSENS impact could be further aggravated.    

Observation 4: REFSENS impact can be caused by increased Tx output power alone, and further aggravated due to Tx/Rx isolation degradation by thermal effect.

2.4	System performance gain

System performance gain for PC2 UE over PC3 UE with both under contiguous UL transmission can be envisioned as PC2 UE is expected to have 3dB better SNR than PC3 UE at gNB receiver. However, if SAR requirement is taken into account, the PC2 UE UL transmission would need to be duty-cycled at 50% which also means a reduction of throughput by 50%. Though PC2 UE may have 3dB better SNR at gNB receiver under full UL resource utilization, the same SNR can also be achieved by PC3 UE with half of UL resource utilization. In our view, under SAR regulation, the UL resource utilization is essentially complemented by the duty cycle. As a result, the UL performance is virtually a “par” between PC2 and PC3 UEs, which can be conceptually illustrated in Figure 2.4-1 by comparing the area of the shaded resources.
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Figure 2.4-1 Comparison of UL capacity for PC2 (upper) and PC3 (lower) UEs

However, if we take into account the potential REFSENS degradation caused by increased UL maximum outpower for PC2 UE, the PC2 UE system performance could be even worse than PC3 UE.

Observation 5: Under SAR regulation, the UL performance is virtually a “par” between PC2 and PC3 UEs.

Observation 6: If taking into account the potential REFSENS degradation caused by increased UL maximum outpower for PC2 UE, the PC2 UE system performance could be even worse than PC3 UE.

Another concern for FDD bands is, many of them are already subjected to UL RB restriction to avoid further REFSENS degradation which has essentially helped boost the UL PSD. And increasing UL maximum output power does not really aid to improve UL resource utilization as was motivated for this SID.

Observation 7: Many FDD bands are already subjected to UL RB restriction to avoid further REFSENS degradation which has essentially helped boost the UL PSD.

Observation 8: Increasing UL maximum output power does not really aid to improve UL resource utilization for most of FDD bands.




3	Conclusion

In this contribution, we share our views on HPUE for FDD bands from the aspects of SAR requirement, duplexer performance, REFSENS impact, and system performance which are concluded by the following observations.

Observation 1: In FDD bands, there is no concept of duty cycle and contiguous transmission has always been assumed during SAR characterization.

Observation 2: To support HPUE in FDD bands, 3GPP may not only alter the FDD band physical layer design, but also convince the regulatory body to accept the duty-cycled UL transmission for FDD bands in SAR characterization.

Observation 3: To support HPUE for FDD bands, duplexer power handling capability needs to be evaluated.

Observation 4: REFSENS impact can be caused by increased Tx output power alone, and further aggravated due to Tx/Rx isolation degradation by thermal effect.

Observation 5: Under SAR regulation, the UL performance is virtually a “par” between PC2 and PC3 UEs.

Observation 6: If taking into account the potential REFSENS degradation caused by increased UL maximum outpower for PC2 UE, the PC2 UE system performance could be even worse than PC3 UE.

Observation 7: Many FDD bands are already subjected to UL RB restriction to avoid further REFSENS degradation which has essentially helped boost the UL PSD.

Observation 8: Increasing UL maximum output power does not really aid to improve UL resource utilization for most of FDD bands.
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