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1. Introduction

This contribution discusses the more recent background in RAN4 on the need of High Efficiency Power Amplifiers (HEPA), as well as presents open questions and challenges that have not been overcome in 3GPP and need to be resolved before concluding on how HEPA can be covered, if not already, in the specifications.
2. Background
The concept of High Efficient PA have been presented in RAN4 a number of times in [1][2][3][4] and [5]. This paper elaborates on the concerns expressed during previous RAN4 meetings.
3. Discussion
On the need of PA for the ecosystem
It is clear that already available and upcoming even more advanced mobile terminals (will) equip large high res screens, large processing capabilities, more RATs, more bands and more features like higher MIMO capabilities, CA in multiple combinations, etc all of them in one single very small and thin box that can be fortunately in most cases handled with one hand and be kept in the pocket while demanding tremendous amount of energy.
Whilst batteries and power consumption have been improving during the past years from 650mAh@6v (1993) with 10h standby time to 2600mAh@3.8v with standby time of 370h (650mAh/10h=65mA, 2600mAh/375h=7mA) however in practice nowadays the use of phones renders the usability time to less than 24h in general. Therefore the use of even more HEPA is highly recommended for the industry to improve user experience.
Proposal 1: RAN4 should not jeopardize any techniques that provide better user experience in this case through better power consumption at the devices

Concept of High Efficiency PA

It is not clear in some of the proposals what is behind the concept of High Efficiency PA, as there are many ways to achieve high efficiency PAs. On the range of PA designs that enable higher efficiency PAs one could find numerous alternatives, among the those:

· Multistage PAs: multiple stages that drive the input of the PA to achieve higher efficiency while linearity is reasonably maintained

· PA class design: using more efficient PAs classes like class C, D, E/F PA will always render higher efficient PAs at the expense of linearity and hence power back off

· Envelope Tracking: novel technique that adapts the input voltage supply of the PA to the input signal operating at max efficiency regardless of the input signal achieving high efficiency PAs while linearity is maintained

· Operating with minimum or no power backoff in the PA will typically render better efficiency while linearity is reduced or lost

In any case the design of the PA is a trade-off of typical figures like efficiency, linearity, power range, bandwidth, etc.

As the choice of a given HEPA poses different design trade-offs and therefore it may or may not impact legacy performance, it is proposed that any WF proposal to use HEPA shall describe what architecture is meant by HEPA, and the impact vs benefits are evaluated.

Proposal 2: Any agreement to use High Efficient PAs shall describe what architecture is meant by HEPA
HEPA/ET maturity: only efficiency? Or BW?
Assuming the HEPA presented in [1][2][4][5] is based on Envelope Tracking concept, it needs to be noticed that there are several implementations of this feature in the market leading probably to different design trade-offs and resulting in different performances.

It seems reasonable to request RAN4 and proponents of ET technology to submit contributions on the use of HEPA/ET and the impact to RAN4 specifications.
Proposal 3: More contributions from different sources shall be evaluated in RAN4 to fully understand the state of the art/maturity and applicability of HEPA/ET.
Additionally, it is not clear that the use of HEPA based on ET compromises linerarity since it only adapts the supply voltage of the PA to the input signal. As a side effect it may be possible that the design is subject to the bandwidth of the signal that needs to handle and therefore track, which at the end it is showing that there may be a dependency on BW/linerarity/efficiency that needs to be evaluated. RAN4 needs to clarify what is the intention of HEPA: i) high efficient PAs or 2) large BW PA with better efficiency through which linearity is compromised.

Proposal 4: RAN4 needs to clarify what is the intention of HEPA: i) high efficient PAs with no compromise of any other parameter design or 2) larger BW PA with better efficiency through which linearity is compromised.
Impact to RAN4 specifications
RAN4 specs are not implementation specific and are designed to ensure minimum performance. Therefore any feature aiming for a better performance of the device should not be precluded in the Standard as long as it does not impact network’s and device’s performances.

Proposal 5: RF requirements specified by RAN4 are not implementation specific and the requirements shall not be modified to account for the use of HEPA. Companies willing to use HEPA can do so complying with the minimum requirements specified by 3GPP and mandated by organizational members.

In case there is a need to explicitly enable in the standards the use of HEPA, RAN4 needs to evaluate the impact in the specifications prior to any agreement and the potential trade-off between pros and cons evaluated and quantified.

Proposal 6: RAN4 shall evaluate the impact of using a specific HEPA architecture in the specifications and quantify the benefits versus drawbacks of using such technology before is agreed.

Proposal 7: Any conclusion on the use of HEPA shall avoid performance degradation.
It is the understanding of the author that if the intention is not to use larger BW PA so that linearity is not compromised and high efficient PAs through ET are used, then no RAN4 impact is foreseen and thus there is no need to provide any signalling capability in 3GPP for networks to distinguish HEPA and low performance UE with non-HEPA and high performance UE.
Proposal 8: There is no need to provide any signalling capability in 3GPP for networks to distinguish between HEPA+low performance UEs and non-HEPA+high performance UEs.

4. Conclusion

In this paper, we have discussed the need of HEPA and elaborated more on the open issues and concerns that have been raised in previous RAN4 meetings. The recommended WF is summarized as follows:
Proposal 1: RAN4 should not jeopardize any techniques that provide better user experience in this case through better power consumption at the devices

Proposal 2: Any agreement to use High Efficient PAs shall describe what architecture is meant by HEPA

Proposal 3: More contributions from different sources shall be evaluated in RAN4 to fully understand the state of the art/maturity and applicability of HEPA/ET.
Proposal 4: RAN4 needs to clarify what is the intention of HEPA: i) high efficient PAs with no compromise of any other parameter design or 2) larger BW PA with better efficiency through which linearity is compromised.

Proposal 5: RF requirements specified by RAN4 are not implementation specific and the requirements shall not be modified to account for the use of HEPA. Companies willing to use HEPA can do so complying with the minimum requirements specified by 3GPP and mandated by organizational members.
Proposal 6: RAN4 shall evaluate the impact of using a specific HEPA architecture in the specifications and quantify the benefits versus drawbacks of using such technology before is agreed

Proposal 7: Any conclusion on the use of HEPA shall avoid performance degradation.
Proposal 8: There is no need to provide any signalling capability in 3GPP for networks to distinguish between HEPA+low performance UEs and non-HEPA+high performance UEs.
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