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1	Introduction
One of the main issue in defining NR bands from the last RAN4#82Bis meeting was how to define 3.3 – 4.2 GHz spectrum range. A way forward [1] was agreed in which two proposals were agreed during the meeting:

· Proposal 1: To specify two different bands with a note indicating that “A UE supporting Band X shall also support Band Y and vice versa.”
· Band X: 3.3 – 3.8 GHz
· Band Y: 3.6 – 4.2 GHz

· Proposal 2: To specify 3.3 – 4.2 GHz as a single band

One of options below should be selected considering their pros/cons in RAN4#83:
· Option 1: Proposal 1
· Option 2: Proposal 2
· Option 3: Proposal 1 &2 (which means specifying three different bands)

For Option 3, supporting proposal 1 or proposal 2 is an UE capability and the NW needs MFBI.

Also RAN4 agreed that a device only supporting 3.3 – 3.8 GHz should have no additional losses in the TRx path within 3.3 – 3.8 GHz compared to 3.3 – 3.8 GHz range for a device supporting 3.3 – 4.2 GHz.

RAN4 agreed companies are encourages to provided technical aspects of their preferred proposal, including but not limited to efficiency and gain flatness, especially at the band edges.

In our earlier contribution [2] in RAN4#82Bis, we presented a preliminary data on the feasibility of 3.3 GHz – 4.2 GHz spectrum definition as a single band. In this contribution, we provide our further study on the spectrum, especially on the bands edges where minimal degradation of gain flatness and PAE are expected, and show the Proposal 2 (Defining 3.3 – 4.2 GHz as a single band) is preferable option.

2	Discussion
2.1 Test setup
In the study, we used the same test setup as before in [2] and recaptured the test setup diagram in Figure 1. 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


2.2 PAE

In RAN4#82Bis meeting, several companies [3, 4, 5] showed concerns on the feasibility of efficiency by supporting larger bandwidth. However, based on our study, the efficiency is heavily relying on signal modulation scheme rather than its bandwidth. To show this, we investigated an efficiency comparison between a non-modulated CW signal and the NR signal across the bands and produced water fall curves.
Figure 2 shows the NR PA efficiency at Low (3.3 GHz), Mid (3.75 GHz), and High (4.2 GHz) frequencies. From the NR PA, 51.1 %, 61.9 %, 55.4 % PAEs were observed at the PA reference plane at the lower edge, the centre and the higher edge, respectively.
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Figure 2. Power Added Efficiency(PAE) with non-modulated CW signal with a NR PA













Figure 2. Power added efficiency (PAE) with non-modulated CW signal with a NR PA



Table 1 shows a summary of PAE at the lower edge (3.3 GHz), the centre (3.75 GHz) and the upper edge (4.2 GHz) for each of signal conditions at the PA reference plane from the NR PA. With a non-modulated CW signal, best achievable PAE was 61.9 % at the centre (3.75 GHz) and the worst case was 51.5 % at the lower edge (3.3 GHz). To further investigate how PAEs look like depending on modulation schemes, a LTE signal with 6 dB PAPR and a NR signal with 9 dB PAPR were used to estimate the PAE by backing down the PAE curve by the PAPR. The table implies that the major contributor for PAE is signal modulation scheme rather than bandwidth. From the result, only 1.1 % difference was observed across the whole spectrum from the NR PA with the NR signal. 


	NR PA PAE [%] at Vcc = 4V at PA Ref. Plane
	3.3 GHz
	3.75 GHz
	4.2 GHz

	Saturated PAE with CW
	51.5 %
	61.9 %
	55.4 %

	LTE signal with 6 dB PAPR
	32.5 %
	35.6 %
	34.9 %

	NR signal  with 9 dB PAPR
	21.2 %
	22.3 %
	22.0 %



Table 1. A summary of PAE at low, mid, and high frequency of 3.3 – 4.2 GHz spectrum for each of signal conditions at the PA reference plane from the NR PA 


Observation 1: PAE is strongly depending on the signal modulation scheme rather than its bandwidth.


Observation 2: PAE difference of the NR PA across the whole 3.3 – 4.2 GHz spectrum is approximately 1.1 %.



2.3 Gain Flatness
Figure 3 shows gain profile from the RFFE module. Output power was set to 22.5 dBm and power measurement was taken every 100 MHz over 3.3 – 4.2 GHz spectrum range. From the measurement, we observed a maximum 26 dB gain and a minimum 24 dB gain, over the frequency range.
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Figure 3. Gain profile measurement from the RFFE module over 3.3 GHz – 4.2 GHz range.


Observation 3: From the gain profile over 3.3 – 4.2 GHz, approximately 2 dB gain flatness was observed.

2.4 ACLR
Figure 4 shows ACLR measurement over 3.3 GHz – 4.2 GHz range with 22.5 dBm output power. The best case of -42dBc ACLR was achieved at around centre frequency and the worst case -36 dBc was observed at the lower band edge. During the measurement, EVM was maintained to be 3.5 % or below.
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Figure 4. ACLR measurement over 3.3 GHz – 4.2 GHz range at 22.5 dBm RFFE module output


From the measurement results, data indicates that minimal degradation in PAE were observed at the band edges while maintaining a similar ACLR performance. From that perspective, we could conclude that a single PA that supports the 3.3 – 4.2 GHz spectrum as a single band is feasible.

Observation 4: A single PA that supports 3.3 GHz – 4.2 GHz spectrum as a single band is feasible.

Even though we presented the whole 3.3 GHz – 4.2 GHz spectrum could be supported by a single band using a single PA, we would not propose it should be supported by a single PA since it is an implementation choice. Even under a single band definition, companies can still support the band with a multiple-PA architecture. However, the spectrum should be defined as a single band because it provides more benefits over a multi-band definition.

Along with other benefits, i.e., no restriction for supporting UL contiguous CA over 200 MHz including 3.6 – 3.8 GHz and simpler spec., these technical data provide strong justification to support a single band definition.

Proposal 1: 3.3 GHz – 4.2 GHz spectrum should be defined as a single band and RAN4 should adopt the option 2 in the WF.

3	Conclusions
In this discussion paper, we presented that key PA performances, i.e. Gain profile, PAE, and ACLR, could be maintained across 3.3 – 4.2 GHz spectrum range. We therefore conclude that 3.3-4.2 GHz is feasible as a single band.  The following observation were made during the measurement:

Observation 1: PAE is strongly depending on the signal modulation scheme rather than its bandwidth.


Observation 2: PAE difference of the NR PA across the whole 3.3 GHz – 4.2 GHz spectrum is approximately 1.1 %.

Observation 3: From the gain profile over 3.3 GHz – 4.2 GHz, approximately 2 dB gain flatness was observed.

Observation 4: A single PA that supports 3.3 GHz – 4.2 GHz spectrum as a single band is feasible.

Proposal 1: 3.3 GHz – 4.2 GHz spectrum should be defined as a single band and RAN4 should adopt the option 2 in the WF.
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