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Introduction
A Rel-17 study item is ongoing to investigate the possibility of power class 2 UE for on FDD band with 26 dBm maximum output power.  This contributions presents some of the UE considerations associated with PC2 for FDD.
Discussion
Power class 2 HPUE was first introduced in 3GPP specifications in Rel-10 for LTE TDD starting with Band 41 but quickly extended to other bands as well.  Since then, PC2 has been specified or is being considered for NR TDD, CA/DC TDD-TDD and FDD-TDD.  Single carrier standalone FDD, however, is new.  Two unique aspects of FDD deserve further consideration when evaluating the feasibility for PC2 – duty cycle and noise.
P-MPR
Before discussion of duty cycle approaches, it is recognized that P-MPR is the default scheme by which the UE can control its transmission.  Power backoff by P-MPR is always available to the UE as needed to meet RF exposure limits.
FDD duty cycle
Since the first introduction of PC2, it was recognized that one of the prerequisites is a means to limit the uplink duty cycle in order to contain SAR, thermal generation, current consumption, and component integrity and reliability.  As a general rule-of-thumb, it has been understood that preserving an average power of 23 dBm can be used as a benchmark.  Hence, if 23 dBm continguous transmission can be maintained, then 26 dBm transmission with 50% ON/OFF duty cycle, 29 dBm with 25% ON/OFF duty cycle, etc. should also be sustainable.  For TDD waveforms, uplink duty cycle is easily managed and well understood by the UE with configuration of the UL/DL frame configuration.  However, for FDD, control of the duty cycle by the network and awareness of the duty cycle by the UE is more complex.  Currently, there exists no mechanism to configure an NR FDD duty cycle, so the only option available is to tally uplink scheduling grants or actual transmissions dynamically.  The approach used for FDD-TDD EN-DC is to count the number of UL symbols transmitted and characterize that as less than 40% or between 40 to 70% duty cycle over an unspecified observation window.  A similar approach can be followed here while acknowledging the disadvantages
1. The evaluation of duty cycle, i.e., counting of uplink symbols transmitted, is independent between the UE and the network.  There is no alignment or coordination at all, so there may be different interpretations of duty cycle between the UE and the network.
2. The observation window over which duty cycle is evaluated is unspecified so long as it is at least the duration of one radio frame (10 ms).  This observation window both its starting time and duration are unknown to the network.
3. The counting of uplink transmissions (ON/OFF) disregards the actual power of the transmitted symbol so may be lead to unnecessary throttling of power.
For the case of single carrier NR FDD, an uplink duty cycle capability can be reported by the UE.  The network should ideally schedule uplink grants to the UE according to its reported capability, but in case the capability is exceeded, the UE is allowed (or mandated) to fall back to power class 3.  After some period of time when the uplink grants drop below the capability, the UE shall resume power class 2 operation.  
Due to the disadvantages described above, the reporting of FDD duty cycle is subject to some degree of ambiguity.  The network and UE interpretation of duty cycle may differ so it may be difficult to optimally schedule the UE.  The observation window length (minimum 10 ms) may not be suitable to ensure reliability in front-end components subject to high power transmission.  While SAR time evalution windows are long, thermal buildup and its impact on reliability and long-term durability of front-end components may occur over a much shorter time interval.  Nonetheless, this approach provides a basic framework to control the FDD duty cycle and 10 ms minimum observation window length can be taken as the starting point.
Proposal:  FDD ON/OFF duty cycle control needs to be managed.  A mechanism where the maximum uplink duty cycle UE capability is reported and counted based on transmitted symbols should be defined.  The details are FFS. 
Transmitter noise impact
While for TDD the Tx and Rx operations are orthogonal in time, one important aspect that is different about FDD is the concurrent Tx and Rx operation within the radio.  Consequently, noise from the transmitter can degrade performance of the receiver.  Two primary sources of noise have been considered.  The first is the spectral regrowth from the Tx extending into the Rx channel.  The second is the Rx blocking and IP2 effect in the receiver due to nearby high power transmission leaking into the front-end.  Both of these effects are worsened when the transmit power is increased by 3 dB.   An evaluation into the increase in noise due to spectral regrowth in the receive band revealed approximately 5 dB of additional noise for Band n3 with 50 RB’s uplink in a 20 MHz channel for 15 kHz SCS.  For other bands especially at lower frequency with narrow duplex separation, the increase in noise could be even higher.
Two approaches can be considered – an implementation based solution or standards relaxation.  For an implementation-based solution, it may be possible to improve the noise performance of the transceiver and PA and receiver linearity and dynamic range, or the increase the filtering.  However, all of these potential improvements come with a cost.  The cost usually manifests itself in terms of current consumption, larger footprint and size, insertion loss, as well as increased monetary cost of the solution.  These costs and tradeoffs may not be justified if the device rarely operates in the PC2 power regime due to SAR, thermal, etc., or network power control.  On the other hand, various forms of standards relaxation is another option.  Some possible solutions include
1. Reduce the Tx power for reference sensitivity back to PC3 power levels,   
2. Reduce the uplink configuration (number of RB’s) for reference sensitivity,  
3. Introduce an MSD term
The first option to reduce the Tx power back to PC3 power levels is the simplest one from a standardization workload perspective.  No additional evaluation is required to compute noise power, MSD, etc. and the solution can be applied to any band.  However, it is not testing the impact of PC2 at all if the transmitter is reduced back to PC3 power level.  The second option to reduce the uplink configuration can also be straightforward, but there may be instances for bands with small duplex separation where lower order counter-IM and other such narrowband products still remain despite reducing the uplink configuration.  Also, reducing the uplink configuration does not address the increased receiver IP2 noise so there may still be receiver degradation present.  Finally, the introduction of an MSD requires the most work and must be done on a band-by-band basis, but may yield the most information about the performance of the device under PC2 configuration.  Moreover, MSD values are often very large and therefore do not provide useful input for a practical deployment scenario.
It is proposed to consider the second option.  Reducing the uplink configuration is already the approach taken to reduce uplink interference when testing reference sensitivity.  If possible, it would be convenient to derive a rule-of-thumb guideline on the uplink configuration for PC2 FDD reference sensitivity.  For example, for PC3 FDD reference sensitivity, a bandwidth normalized by the Tx-Rx separation has been used to set the uplink configuration based on expected PA regrowth, duplexer isolation from Tx to Rx, and frequency separation.  A similar rule or an adjustment to the PC3 uplink configuration can be considered for PC2.
Proposal:  Companies to evaluate a guideline for the uplink configuration for PC2 FDD reference sensitivity.
In establishing the necessary RB restriction for PC2, it is not the intention that the entire maximum noise increase be relaxed by standards.  Instead, it is suggested that the UE should be able to accommodate some of the extra noise by implementation, although some standards relaxation would also be appropriate to strike a balance.  This exact tradeoff is subject to further study as data becomes available.
Conclusion
This contribution has discussed two aspects for the UE supporting PC2 in FDD bands.  The first is the need to control the duty cycle of uplink transmissions.  This is a prerequisite to enable PC2 operation in the UE.  It is suggested that a capability reporting mechanism similar to that used for other PC2 single carrier, CA, or DC configurations can be used, but the disadvantages and ambiguities for FDD are listed.  The second is the transmitter noise impact on the FDD receiver when the transmit power is increased by 3 dB.  Options to address this, both in implementation and by standards relaxation are described.  As a compromise between testability and the the work required to define MSD’s for every band, it is proposed to consider an uplink RB restriction that places some of the burden to UE implementation yet also provides standards relaxation.
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