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1. Introduction

A study item [1] was agreed to investigate the possibility of a +26 dBm high power class 2 UE for TDD Band 41.  This contribution discusses UE implementation aspects to support higher Tx output power.
2. Discussion

Higher UE Tx output power is motivated by the possibility to improve the uplink link budget, especially for TDD bands at higher frequencies to overcome the inherent loss due to Tx-Rx time sharing of the same bandwidth as well as the propagation loss associated with higher frequencies.  The study items objectives are several, but many of them relate to the impact of higher output power on the implementation of the UE and the ability of this higher power UE to meet emission requirements for coexistence, to assess the impact on other bands, and to maintain good power efficiency and UE device form factor.  The justification for the study item [1] suggests that the HPUE in Band 41 is enabled by recent advances in UE RF front-end technologies, specifically citing envelope tracking (ET) PA’s with digital pre-distortion (DPD) and newer F-BAR filters.  In this contribution, we provide our views on implementation of the power class 2 UE.

RF Front-end

In order to reach 26 dBm output power at the antenna connector, the output power of the PA must be increased by approximately 3 dB compared to existing capability.  This requires an increase in not only gain, but also of output power from the PA.  The Band 41 PA is already currently challenged to meet class 3 output power levels of  +23 dBm due to the high insertion loss of the filter and the insertion loss of additional front-end components (diplexers, triplexers) to support inter-band CA between Band 41 and Band 1, Band 3, Band 42, under worst case conditions.  To overcome these losses, the output power of the class 3 Band 41 PA is already as high as 29 dBm.  To meet a proposed class 2 output power level of 26 dBm at the antenna would require that the PA output power in our estimation to be approximately 31.5 dBm which is unprecedented for LTE linear power in handsets.  The maximum output power current consumption is expected to double to reach 3 dB higher output power, adding approximately 500 mA PA current in our estimation.  Even at 50% duty cycle, this amounts to an increase of 250 mA average PA current at maximum power and lower power increase if the duty cycle is reduced to less than 50%.  The thermal aspects of this increase present unique challenges and in current limited devices, such as USB dongles, class 2 output power may not be possible.  
It has been suggested that some of these problems related to the PA can be resolved by considering the most recent advances in technology related to for example ET PA’s with DPD and newer F-BAR filters.  
For instance, the use of PA linearization techniques such as Envelop Tracking and DPD result in a net reduction in PA current while improving its linearity.  Also, the newer FBAR filters are able to handle the 3 dB increase in power at their input without any particular constrains. [1]
However, one challenge foreseen is the impact of these changes to the ecosystem and to other bands supported by the UE.  Since Band 41 was originally envisioned to be a band harmonizing TDD operators across the world, it has been promoted and anticipated that common Band 41 devices could be shared across this entire ecosystem.  Therefore, if a class 2 Band 41 UE is defined, then it might be expected that the UE can also support class 3 operation for those networks dimensioned for a class 3 link budget.  However, to support class 2 operation, the devices must be equipped with the latest technology and all of the costs associated with it.  If component costs prove to be higher to support class 2 designs, those costs would have to be borne even if the device is not operating in a class 2 network. In addition to cost, there is a power efficiency penalty for operating class 2 PA at class 3 power levels.  Operators only interested in existing class 3 operation will be subjected to the additional cost and loss of power efficiency, if it exists in the power class 2 UE.

Moreover, the impact reaches beyond Band 41.  In modern handsets, the PA is sometimes shared among multiple bands to reduce cost and footprint.  Therefore, the Band 41 PA may be shared by other bands, for example, Band 7, Band 38, and Band 1.  The loss of PA power efficiency may not be acceptable in these other bands or to the other impacted operators.  The result might be a barrier to using a common PA and thus have a ecosystem impact. 
Emission requirements and power backoff
Existing emission requirements, such as spurious emissions, spectrum emission mask, ACLR have been defined assuming class 3 output power levels.  Each of these would be required to be revisited both in regard to coexistence with users in adjacent bands as well as in the ability of the UE to meet these.  For example, in order to meet these requirements, in particular those associated with regulatory requirements or NS values, there may be additional power reduction required.  This would need to be studied.  If found to be true, the benefit of high power UE may be reduced in some circumstances if larger power backoff is required.  On a more practical note, especially if newer technologies such as ET PA are fundamental to enabling the higher power UE, there are not PA models available to perform the analysis and/or PA’s available to take measurements on.  In our experience, accurate modeling and calibration of ET PA’s is significantly more complex than it is for APT PA’s as the number of variables is much larger.  
The transceiver also influences the ability to meet emission requirements.  For example, for a transceiver the meets a -25 dBc I/Q image product with a PA folding gain of 13 dB, the resulting emission is approximately 25 dBm – 25 dBc – 13 dB = -13 dBm at an offset of 3fmod from the carrier center freqeuency.  In other words, the emissions in the first adjacent channel complies with the spectrum emission mask where the limit is -13 dBm/MHz.  However, since the transceiver I/Q image rejection is fixed, when the gain and output power of the PA is increased, the SEM will be violated if other components are not improved.  To comply, power backoff may be required which then reduces the point of defining a class 2 UE in some circumstances.
3. Conclusion
In this contribution, implementation artifacts of supporting a class 2 high power UE in Band 41 have been discussed.  Depending on the outcome of spectrum emission mask, spurious emissions, transmit quality and other related requirements, the RF front-end will require significant changes to support this application and in our opinion may require several state-of-the-art enabling technologies to reach maturity to enable this as a possibility.  Therefore, at this point is is not clear that this front-end can be leveraged in general to a mainstream population of devices since the additional cost, the efficiency loss, and the availability of components may not be acceptable for a general class 3 Band 41 solution.    Moreoever, there is the possibility that these impacts spill over into devices supporting other nearby bands as well in the 2 GHz frequency range since PA’s are sometimes shared between these bands and Band 41.  Thus, it may be the case that the high power Band 41 UE is be more suitable for a CPE device or a more specialized application.

In addition, it is unclear if such a device will be able to meet emission requirements in the worst case.  There are challenges to be resolved not only in the PA but also in the transceiver.  If emission requirements are not met with the higher power output, then power backoff will be required, which negates any benefit the higher power UE would have provided.
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