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1	Introduction
There has been an extensive effort to define NR spectrum within RAN4 [1]. One of the controversial issues on defining NR spectrum for the sub-6 GHz range, is whether it would be feasible to define the 3.3 GHz – 4.2 GHz frequency range as a single band. There have been several contributions on this topic and some of them claimed that single band definition of 3.3 GHz – 4.2 GHz, using a single PA, is challenging [2] or even impossible [3]. In this document, we provide some technical data along with our previous paper [4] on the feasibility of defining 3.3 GHz – 4.2 GHz range as a single band with an integrated RF Front End (RFFE) module.

2	Discussion
In this section, we provide some preliminary measurement results; gain profile, EVM, ACLR and PAE, over the whole 3.3 GHz – 4.2 GHz frequency range. 

Test setup
Figure 1 shows the setup for the DUT measurement in this study. The DUT is a fully integrated RFFE Module including a power amplifier, a coupler, Tx/Rx switch, a filter and LNA. A 64-QAM OFDM signal with 100 MHz bandwidth was generated at the arbitrary waveform generator (AWG) and converted to the 3.5 GHz RF frequency range. To measure time domain characteristics as well as gain profiles before and after the PA, oscilloscope and power meters were connected through 10 dB and 20 dB couplers, respectively. The output of the DUT was connected to the spectrum analyser to measure RF parameters. The DUT was controlled by MIPI RFFE interface.

Figure 1. Test setup diagram for RFFE Module measurement
Gain Profile
Figure 2 shows a gain profile measurement from the DUT. Output power was set to 22.5 dBm and power measurement was taken every 100 MHz over 3.3 GHz – 4.2 GHz range. From the measurement, we observed a maximum of 27 dB gain and a minimum of 24.3 dB gain, over the frequency range. 
It should be noted that no gain flatness optimization was performed at the time of measurement.
[bookmark: _GoBack][image: ]
Figure 2. Gain profile measurement from the DUT, RFFE module, over 3.3 GHz – 4.2 GHz



ACLR and EVM
[image: ]Figure 3 shows ACLR measurement over 3.3 GHz – 4.2 GHz range with 22.5 dBm output power. The best case of -43 dBc ACLR was achieved at the center frequency and the worst case -38 dBc was observed at the lower band edges. During the measurement, EVM was maintained to be 3.5% or below. Figure 4 shows EVM measurement and a constellation diagram.
Figure 3. ACLR measurement over 3.3 – 4.2 GHz range at 22.5 dBm module Pout
[image: ][image: ]Figure 4. EVM measurement over 3.3 – 4.2 GHz range and a constellation diagram


PAE
PAE was measured at the PA reference plane inside of the DUT at the center of 3.3 GHz – 4.2 GHz frequency range (3750 MHz) with a 64-QAM, 100 MHz bandwith signal. A maximum of 24% PAE was achieved with 28.5 dBm output power at the PA reference plane, corresponding to 25 dBm output power at the module. During the measurement, ACLR was targetted at -36 dBc and the PA was operated with APT mode.

Since there is a trade-off among ACLR, EVM, and PAE for a given output power, an improved PAE could be expected by relaxing ACLR or EVM requirements. It should be noted that no linearization nor crest factor reduction technique was applied during the measurement.
Figure 5. ACLR & PAE measurement of the PA at the center frequency, 3750 MHz, of 3.3 GHz – 4.2 GHz, versus Pout with optimized bias setting and APT voltage per power level

3	Conclusions
In this discussion paper, we presented the feasibility to define the NR spectrum over 3.3 GHz – 4.2 GHz frequency range as a single band using a single RFFE module. It was observed that maximum 2.7 dB gain difference over whole frequency range without gain flatness optimization. Without any linearization or crest factor reduction technique, PAE of 24 % was achieved with meeting certain ACLR and EVM requirements. Since there is a trade-off among the parameters, further improvement could be expected by relaxing some requirements.
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