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Introduction

This contribution analyses several potential RF front end architectures supporting Band 41 in power class 2 mode to determine any potential impacts to Band 7 operation in power class 3 mode.
Discussion
The choice of RF front end architecture for a given smartphone design depend on OEM preference, the amount of design reuse in favor at the OEM,  technological advancements, required front-end loss, required band support, performance targets and required co-existence among bands and technologies.
Most architectures use separate dedicated front end designs for low, mid and high band. Even for the high band, an OEM could use multiple architectures such as separating FDD Tx chain from TDD or use a shared PA amongst high bands. Another alternative could be to have a separate Tx chain based on UE power class. Subsequent sections discuss the benefits and tradeoffs between different architectures for high band implementation, supporting power class 2 operation on Band 41.
Independent Tx chain for Power class 3 and Power class 2
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Figure 1 Dedicated Power class 2 and 3 implementation
This architecture uses separate PA implementations for Band 41 and Band 7/38. Band 41 utilizes a power class 2 PA whereas Band 7/38 uses a legacy power class 3 PA. This architecture is unlikely to have a performance impact to Band 7 /38 Tx chain since most RF front end components in TX / Rx chain are unchanged from current implementation. The only change to current implementation would be an addition of Band 41 power class 2 PA. It is also noted that these components may be integrated into a single module supporting both PA Tx chains
Independent Tx chain for FDD and TDD operation
A typical optimized implementations will have at least 2 PA engines within a same module, one for FDD support of Band7, and a separate one for TDD support of Band41/Band38. Enabling this implementation results in better performance on the dedicated FDD transmit chains. The result of which tends to be more limited by current consumption as they are continuously ON and do not benefit from a TDD duty-cycling of the transmit configuration. 


[image: ]
Figure 2 Dedicated Band 7 implementation

Best results could be achieved for Band 7 that does not go through the distribution switch. The load line is optimized for Band 7 performance in this case. In such solutions, the critical FDD band (Band7) is unaffected by the band 41 class 2 capability, and only the TDD band (band 38) is affected, but the impact is less significant to the user experience as any small degradation in the efficiency because of the hardware difference is reduced by the duty cycle of the TDD operation. This is a likely way to optimize class 2 UE hardware and is in line with most present tier 1 smartphone implementation. Many current power class 3 implementations including tier 1smartphones use the architecture found in figure 2 to achieve best performance on TDD and FDD for a variety of reasons.

Shared architecture for power class 3 and 2
The implementation of a power class 2 PA in some scenarios could also need to support other high band paths that operate at power class 3 (backed off to +23dBm) at antenna connector. Given the shared path will have excess power and linearity capability of power class 2, the primary concern about the impact on those other bands is if their performance is degraded in terms of power amplifier efficiency because of the sharing of the power class 2 path and PA engine.
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Figure 3 Shared High-band implementation
Measured data from Skyworks product is shown in Table 1, this shows a 2.4 % change in total system efficiency when a common PA is used for band 7, band 38, and band 41.   
	
	SkyBlue PA  in Class 2 Operation

	 
	+26dBm
	 +23dBm

	Pout
	+31
	+28

	E-UTRA ACLR (dBc)
	-38
	-38

	Ibatt (mA)
	857
	457

	Total System Efficiency (+ converter) 
	38.7%
	36.3%

	Efficiency Penalty for 
3dB Backed-off  Class 2 PA
	 --
	2.4%


[bookmark: _Ref441428821]Table 1 Power class 2 PA performance [Courtesy: Skyworks]
Additionally, the application of digital predistortion (DPD) to the average power tracking (APT) solutions or use of envelop tracking (ET) will improve these efficiency numbers by at least 2-4%. The Qorvo power class2 demonstrator 4x3mm module includes shared PA supporting bands 7/30/38/40/41, Tx/Rx distribution switch, band 40 Tx/Rx filter and band 41 Tx/Rx filter qualified to operate at Pout=29dBm.  Based on Qorvo’s measurements using DC boost supply capability, the efficiency degradation is 3% with power class 2 use at Vcc=3.8V and power class 3 use at Vcc=3.0V.  It should be noted that the use of 3.8V is not specific to power class 2.  Several vendors have PMIC products currently offering Vcc higher than 3.4V.
The 3% PAE degradation estimate should be viewed as a maximum penalty for architecture shown in Figure 3 because it is possible to adjust the band 7 PA loadline thru matching between distribution switch and duplexer in an integrated module.  The additional loss impact on efficiency is easily within noise of contours and mismatch/trace loss implementation detail. A degradation of 3% in efficiency with HPUE supporting solution at 23dBm can be seen from an additional 0.25dB extra loss/mismatch/contour/trace, etc.
Another important aspect of the shared path with the class 2 capable PA engine is that the other bands will also have higher power capability to overcome front end losses.  The current market trend is toward higher front end losses in support of various UL and DL CA combinations.  This makes the higher linear Pout capability desirable in bands 7/30/38/40, enabling the UE to operate at the full class 3 power level up to 25dBm.



Conclusion
[bookmark: _GoBack]The RF front end architecture for a given smartphone design depend on various factors, including the required configuration and performance targets. This contribution analyses various UE RF front-end architectures that support multi LTE bands in 2.5-2.7GHz bands.  Highlights to any potential implication that those solutions may have from the introduction of band 41 power class 2 functionality on designs when operating as a power class 3 UE.
For the UE architectures shown in Figure 1 and 2 enabling power class 2 on Band 41 does not have any performance impacts to Band 7. The architecture found in Figure 2 is currently present in many smartphone implementations, including Tier 1 OEMs which already use separate TDD and FDD Tx chains on power class 3 UEs for better performance. Qorvo and Skyworks have indicated no band 7 performance impacts due to the use of power class 2 on Band 41 in implementations with separate FDD and TDD TX chains. 
In figure 3 the shared power class 2 is used across TDD and FDD high frequency bands, the 3dB back-off may incur a 2.4% to 3% efficiency degradation. A degradation of ~3% in efficiency with Power class 2 supporting shared band solutions at 23dBm is equivalent to a degradation resulting from an additional 0.25dB extra post-PA loss due to mismatch, filter contour non-idealities, additional trace or coupler losses, implementation of harmonic or coexistence filtering, etc. The impact of enabling class 2 operation in the common power amplifier architecture (figure 3) is well within the variation caused by design choices made by the UE manufacturer.  Furthermore, it should be mentioned that when such option is selected, FDD LTE band 7 of power class 3 implementation could benefit by offering close to +25dBm at antenna port (i.e. close to power class 3 upper limit definition), which would increase coverage and improve overall user experience on band 7.



1

4

image1.png
RESwitch/ Antenna Switch/

Power class2 PA CADiplexer  Tripleser
Ba1
Band 41T [ —>
57 57
Dupl [ ——— |

Band7/38Tx

[Nz

RFSwich





image2.png
RESwitch/ Antenna Switch/
CADiplexer  Triplexer

Band 41/38Tx

Power class2 PA

Power class3PA

> owl |*

Band77Tx exer





image3.png
BESWIN/  pntenna switch/

CADTRIEXEr  sipleser
87 57
Duple |l
Power class2 PA \
Ba1 [+

Band 7/41/38Tx}
| as8

RFSwitch





