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1	Introduction 

Ever since the introduction of high-power UE (HPUE) in E-UTRA to mitigate the concern of insufficient UL coverage for frequency bands above 2.4 GHz, the feature has prevailed into nearly all major E-UTRA and NR TDD bands where the duty-cycled nature of TDD bands has made HPUE feasible to fulfil the SAR requirement. On the other hand, though HPUE has been seen more challenging to realize in FDD bands to fulfil SAR requirement and alleviate potential REFSENS degradation, the benefit in UL coverage enhancement simply could not leave them out for HPUE consideration. In RAN #90-e meeting, a study item on HPUE (power class 2) for one NR FDD band was approved [1]. And as well anticipated, the issues on SAR mitigation and duplexer performance degradation under higher UL transmission power in conjunction with REFSENS impact have been the main concerns for discussions in the past two RAN4 meeting [2-3]. Realizing that the SAR issue has been thought out and no REFSENS impact in TDD operation, having FDD bands running at half-duplex mode when UL power is above power class 3 (PC3) upper limit may enable a quick adoption for HPUE in NR FDD bands. In this contribution, we share our view on the benefit of half-duplex operation for FDD bands under HPUE scenario and propose a hybrid operation switchable between full-duplex and half-duplex modes for PC2 FDD bands where the duplex mode would depend on the UL power setting.              
2 Discussion

The issues associated with the PC2 HPUE for NR FDD bands have been extensively discussed in the past two RAN4 meetings [2-3] which are briefly summarized below [4].

2.1	SAR mitigation

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

Observation 2: To support HPUE in FDD bands, 3GPP may need to accept the duty-cycled UL transmission for FDD bands.

2.2	Duplexer feasibility and performance

With increased output power, the UE duplexer would not only observe higher instantaneous peak power but also absorb more power dissipation due to the insertion loss which may lead to

· Frequency shifts due to self-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 Tx leakages also attribute to REFSENS degradation. Increasing UL output power would also increase the Tx leakages into DL band if duplexer isolation is not improved. On the other hand, the need for higher UL maximum output power normally would mean the UE is close to the cell edge where DL may also be near REFSENS level and become more vulnerable to the impact from Tx leakages. For FDD bands with narrow duplex distance, further UL RB allocation restriction may be needed under HPUE operation to prevent REFSENS degradation due to the Tx spectral spillage caused by intermodulation distortion. This could render a countereffect on having HPUE to improve UL throughput near the cell edge as motivated by this study item [1]. For FDD bands with wide duplex distance, despite UL RB allocation restriction may not be needed, REFSENS can still be degraded by elevated Tx thermal noise floor at Rx band, UE receiver 2nd order nonlinearity and large signal induced noise figure degradation due to increased UL power under HPUE operation which could impact UE DL throughput near the cell edge as well.

Observation 4: For FDD bands with narrow duplex distance, further UL RB allocation restriction may be needed under HPUE operation to prevent REFSENS degradation which could render a countereffect on having HPUE to improve UL throughput near the cell edge as motivated by this study item.    

Though all the aforementioned issues may hinder the development of HPUE for FDD bands, these issues can effectively be resolved by running half-duplex operation when UL power is above power class 3 (PC3) upper limit as is further detailed below.

2.4	Half-duplex operation for FDD bands under HPUE scenario  
  
Half-duplex operation for FDD bands has been introduced since GSM and further adopted by E-UTRA for CAT-0 and MTC devices. It is also recently being considered by NR reduced capability (RedCap) UE devices [5]. The half-duplex operation for FDD bands provides the benefit of keeping away from using the higher cost and higher insertion loss duplexers, while at the expense of halving the overall UE throughput.

Like in TDD bands, the half-duplex operation in FDD bands by nature is duty-cycled which has inherently resolved the SAR issue under HPUE scenario. On the other hand, half-duplex operation also allows bypassing the high insertion loss duplexer and avoids REFSENS impact from transmit leakages which can save UL from RB allocation restriction for FDD bands with narrow duplex distance. These benefits are fully in line with the spirit of HPUE. Therefore, half-duplex operation may help enable a quick adoption for HPUE in NR FDD bands.

Observation 5: Half-duplex operation in FDD bands by nature is duty-cycled which has inherently resolved the SAR issue under HPUE scenario.

Observation 6: Half-duplex operation allows bypassing the high insertion loss duplexer and avoids REFSENS impact from transmit leakages which can save UL from RB allocation restriction for FDD bands with narrow duplex distance.

2.5	Full/half-duplex hybrid operation for PC2 FDD bands  
                
Though half-duplex operation is well suited for PC2 FDD bands on improving the UL coverage, it does not mean the FDD bands supporting PC2 should always be running at half-duplex mode, otherwise, the spectrum efficiency would be compromised as compared to its PC3 FDD band counterpart at full-duplex operation when the UL power falls below PC3 upper limit. Therefore, to enable a quick adoption for PC2 in NR FDD bands, we propose a full-duplex and half-duplex switchable hybrid operation for the intended FDD bands. The mode switching boundary can in general be set at PC3 maximum output power or determined by the network for UE throughput and performance optimization. Below the mode switching boundary, the UE would be running at normal FDD band full-duplexer operation, and above the mode switching boundary, half-duplex operation is scheduled.

Figure 2.5-1 shows a potential UE front-end architecture to support the proposed full-duplex and half-duplex switchable hybrid operation for PC2 FDD bands. When UE is under full-duplex operation, both antenna switch and PA output switch are connected to the duplexer on the right side. When UE is under half-duplex operation, the PA output switch would be connected to the Tx bandpass filter on the left side, and antenna connection would be switched between the Tx bandpass filter on the right side and duplexer on the left side. 
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Figure 2.5-1 A UE front-end architecture for PC2 FDD bands supporting half-duplex operation 

Proposal: Introduce half-duplex operation for NR FDD bands under HPUE scenario to enable a quick adoption for PC2 in NR FDD bands.  

2.6	UE capability signalling and mode configuration   

A UE capability of supporting half-duplex operation for PC2 FDD bands can be defined and indicated to the network in order for the network to configure UE to half-duplex mode or back to full-duplex mode as needed. The mode configuration can potentially be done statically through RRC reconfiguration or dynamically through MAC-CE process. Detailed switching requirements between the two modes can be further discussed during the work item phase.
                                          
3	Conclusion

In this contribution, we share our view on the benefit of half-duplex operation for FDD bands under HPUE scenario and propose a hybrid operation switchable between full-duplex and half-duplex modes for PC2 FDD bands.

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

Observation 2: To support HPUE in FDD bands, 3GPP may need to accept the duty-cycled UL transmission for FDD bands.

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

Observation 4: For FDD bands with narrow duplex distance, further UL RB allocation restriction may be needed under HPUE operation to prevent REFSENS degradation which could render a countereffect on having HPUE to improve UL throughput near the cell edge as motivated by this study item.

Observation 5: Half-duplex operation in FDD bands by nature is duty-cycled which has inherently resolved the SAR issue under HPUE scenario.

Observation 6: Half-duplex operation allows bypassing the high insertion loss duplexer and avoids REFSENS impact from transmit leakages which can save UL from RB allocation restriction for FDD bands with narrow duplex distance.

Proposal: Introduce half-duplex operation for NR FDD bands under HPUE scenario to enable a quick adoption for PC2 in NR FDD bands.
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