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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 demonstrates performance and feasibility of power class 2 using APT mode of operation based on current Qorvo UE RF front-end solutions
Discussion
Several contributions [1],[2],[3],[4],[5],[6] were presented in RAN4 #76 to address topics  related to power class 2 implementation. The purpose of this contribution is to demonstrate the feasibility of band 41 power class 2 UE using commercially available APT mode with existing products.
Data presented in this contribution is based on Qorvo’s Class 2 demo UE RF front-end module with mature technologies being used in current products. It should be mentioned that this module was not designed to specifically meet band 41 power class 2 UE requirements, and all measurement data presented in this contribution use standard measurement techniques. 
Performance measurement using APT mode
This section addresses feasibility of PA technology to support a higher power class 2 in B41 with measured data from Qorvo’s APT PA module. Average power tracking (APT) uses RF DC-DC converter to adapt with baseband signal amplitude to supply current for PA operation, rather than the PA being connected directly to a battery. This helps reduce power consumption compared to traditional implementation. The test setup uses standard APT solution without any special implementation for APT operation. No digital pre-distortion (DPD) applied to this module.
Figure 1 summarizes measurements with APT at room temperature across various channels for the MPR=0dB case with QPSK 10MHz 12RB configuration using an integrated module which support 2.3-2.7GHz LTE bands. The measurements were performed at the output of band 41 filter. In order to obtain 26dBm at antenna port, the required Pout (filter output) would be 28-29dBm, assuming 2-3 dB post filter insertion loss which is worst case implementation scenario accounting CA and shared antenna architecture. The measurements are carried out in 10MHz channel with 12RB configuration and MPR=0.
[image: ]Values measured at 3.8 volts and MPR 0

[bookmark: _Ref434510807]Figure 1 EUTRA Power sweep – APT Mode - Vcc=3.8V, 10M12RB QPSK (MPR=0)

As seen above, the measured data indicates the power amplifier can deliver the desired power levels required for worst case single antenna CA-support architectures. The solution can meet existing ACLR specification, accounting for any manufacturing and temperature variations. The PA is capable of providing sufficient gain to meet power class 2 needs. Further performance improvements are expected in next generation products due to further fine tuning the filter implementation, filter insertion loss reduction, and other UE RF front-end module design optimization techniques. 
 [image: ]
[bookmark: _Ref434594205]Figure 2 Module Pin – APT Mode - Vcc=3.8V, 10M12RB QPSK (MPR=0)
Figure 2 represents input power to the module. This demonstrates that currently available RFIC output power is sufficient to meet power class 2 requirements. No additional RFIC gain required.
Power consumption performance
This section demonstrates the power consumption performance comparison in APT mode for Band 41 power class 2 module using TDD duty cycle (40% for Frame config 1 and 20% for Frame config 2) and FDD Band 7 power class 3 module. The B7 measurement was performed using Qorvo’s integrated demo module (Figure 4) using separate PA/filter for Band 7 and Band 41, which is the optimal solution for band 7 performance. This is a common architecture used by Tier 1 OEMs to minimize FDD B7 current consumption. The test configuration was 10MHz 12RBs (MPR=0) and 3.8V Vcc. 
	Test Cases
	DC Power

	Class2 Demo – APT @ 40%
	1.37W

	Class2 Demo - APT @ 20%
	0.68W

	Tier1 PAMid – B7 APT @ 23dBm
	1.12W


Table 1 Power consumption measurement for Power class 2 and 3 in APT mode
As seen in the table above, TDD Band 41 (measured in Figure 3) with 40% duty cycle operating in power class 2 mode would increase the power consumption 22% compared to continuous transmission on FDD Band 7 operating in power class 3. TDD Band 41 with 20% duty cycle would improve power consumption by 39% compared to Band 7. As mentioned above, this solution was not initially designed to support band41 power class 2 UE, hence it is possible to further improve TDD power consumption through conventional design techniques, if such improvement is designed. 
In addition, it should also be noted that Envelope Tracking implementation will further improve overall power consumption of TDD Band 41 power class 2 UE, and bring current consumption on frame config 1 (i.e. 40% duty cycle) to similar values to that of band 7 optimal case.
Performance implication on other Bands
Certain low end very cost sensitive devices tend to use the same PA for operations on 2.3-2.7GHz bands as illustrated in Figure 3.
[image: ]
[bookmark: _Ref434595371]Figure 3 Block diagram of low cost/regional skew for 2.3-2.7 GHz UE RF Front end 
 It is potentially possible that those devices may use a power class 2 UE band 41 PA for power class 3 operation on other bands (i.e. band 7/38/40). Measurement results on this module show good linearity performance even when this module is used for power class 3 operations. Furthermore, a power class 2 capable PA would facilitate upper end power class 3 operations on those other bands (i.e. 24.5-25dBm), if desired, which could provide additional network operational benefits when device operated on bands 7/38/40, be it in roaming or home network scenarios. 
[image: ]
[bookmark: _Ref434595183]Figure 4 Typical block diagram of global skew for 2.3-2.7 GHz UE RF Front end
Also, it should be mentioned (Figure 4) that due to separate band 7 PA chain, integrated within same 2.5-2.7Ghz module, there is no impact on band 7 performance when enabling class2 UE for band 41.  In the case of low cost front end (Figure 3) it is also possible to enable just class2 for band 41 PA output with no impact to bands 7/38/40 using conventional design techniques if desired.  This also applies to bands 38/40 in global skew configuration (Figure 4).
Conclusion
In this contribution, we present measured data of existing PA/filter implementation with APT solution to analyse the feasibility of the power amplifier support for a new power class 2 delivering +26 dBm at the antenna port for B41 while ensuring linearity and other performance parameters. The measurements were performed on existing modules and components, which were not design specifically to meet band 41 power class 2 UE requirements. It is expected that next generation products will further improve UE RF front-end performance with regard to band 41 power class 2 UE due to performance enhancements on PA technologies, reduction on filter insertion losses, as well RF switch linearity and insertion loss reductions.
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