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1. Introduction
RAN4 has been discussing on UE output power and transmitter linearity requirements for NRU. The discussion in the previous meeting is captured into the AdHoc minutes in [1] and in way forward in [2]. In this document we present Output power and ACLR measurements results for different NR-U waveforms using a 5GHz WiFi PA.

2. Discussion
In order to understand the performance of WiFi PAs currently used in mobile handset one such PA was selected and measured with NRU waveforms. The used waveforms were
NRU 15kHz SCS 106 PRBs
· CP-OFDMA modulated
· DFTS-OFDMA modulated
NRU 15kHz SCS 11 PRBs interlaced [ 0, 10, 20, …100 ]
· CP-OFDMA modulated
· DFTS-OFDMA modulated
The output power is measured from the output of the PA and no post-pa losses have been taken into account.

NRU 15kHz SCS 106 PRBs

The measurement results for CP-OFDMA modulated 106 PRBs wide signal is shown in Figure 1 below.
Observation #1: +23dBm output power FROM PA can be achieved with ACLR of 27dB using CP-OFDMA modulated 106PRBs wide signal. Power difference between low and typical Vcc level is about 1dBm.
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[bookmark: _Ref24125183]Figure 1. CP-OFDMA 106 PRBs
The measurement results for DFTS-OFDMA modulated 106 PRBs wide signal is shown in Figure 2 below.
Observation #2: +25dBm output power FROM PA can be achieved with ACLR of 27dB using DFTS-OFDMA modulated 106PRBs wide signal. Power difference between low and typical Vcc level is about 1dBm.
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[bookmark: _Ref24093532]Figure 2. DFTS-OFDMA 106 PRBs

NRU 15kHz SCS 11 PRBs interlaced

The measurement results for CP-OFDMA modulated 11 PRBs interlaced waveform is shown in Figure 3 below.
Observation #3: +23dBm output power FROM PA can be achieved with ACLR of 27dB using CP-OFDMA modulated 11PRBs interlaced waveform. Power difference between low and typical Vcc level is about 1dBm.
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[bookmark: _Ref24125260]Figure 3. CP-OFDMA 11 PRBs interlaced waveform

The measurement results for DFTS-OFDMA modulated 11 PRBs interlaced waveform is shown in Figure 4 below.
Observation #4: +24.5dBm output power FROM PA can be achieved with ACLR of 27dB using DFTS-OFDMA modulated 11PRBs interlaced waveform. Power difference between low and typical Vcc level is about 1dBm.
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[bookmark: _Ref24126189]Figure 4. DFTS-OFDMA 11 PRBs interlaced waveform

3. Conclusion

In this contribution measurement results for typical WiFi PA are shown with different NRU waveforms. The used waveforms were. 
NRU 15kHz SCS 106 PRBs
· CP-OFDMA modulated
· DFTS-OFDMA modulated
NRU 15kHz SCS 11 PRBs interlaced [ 0, 10, 20, …100 ]
· CP-OFDMA modulated
· DFTS-OFDMA modulated
The output power was measured FROM OUTPUT OF THE PA and no post-PA losses were taken into account in the measurements.
Based on the measurements done four observations were made that are collected into the table below:

Table 1. Achievable output power with ACLR of 27dB for different waveforms
	
	CP-OFDMA 106PRB
	CP-OFDMA 11PRBs interlaced
	DFTS-OFDMA 106PRBs
	DFTS-OFDMA 11PRBs interlaced

	Pout @ ACLR= 27dB
	23dBm
	23dBm
	25dBm
	24.5dBm

	Room for post-PA-losses for PC5
	3dB
	3dB
	5dB
	4.5dB



When the measured typical output power levels are compared to nominal output power level of +20dBm /PC5 it can be concluded that there is 3 or 4.5-5dB remaining for post-PA-losses depending on the used waveform. In some cases 3dB post-PA-losses may not be enough for real implementations, while 4.5-5dB should be enough cover wide-range of different implementations.
Conclusion #1: Based on this measurements done we can conclude that it seems possible to achieve +20dBm/PC5 output power with typical WiFi PA at least with DFTS-OFDMA modulated waveforms. It must also be noted that testing was carried out with one  PA model and one randomly selected sample only.

4. References
[1]		R4-1913058	“Meeting minutes for NR-U Ad-hoc”, Qualcomm Incorporated, RAN4 #92bis, October 2019
[2]		R4-1913059	“WF on the punctured channel emission requirements”, Charter, RAN4 #92bis, October 2019


3GPP
image2.png
ACLR (dB)
S )
BREBERERRE

DFTS-OFDMA 106PRBs

/

16

17

18 19 20 21 22 23
PA output power (dBm)

—8—ACLR low, VCC=low —@—ACLR High, VCC=low

—8—ACLR low, VCC=typ —@— ACLR High, VCC=typ

24 25

26




image3.png
ACLR (dB)
F A SR
BRLCERBREE

CP-OFDMA 11PRBs interlaced

16

17

PA output power (dBm)

—8—ACLR low, VCC=low —@—ACLR High, VCC=low
—8—ACLR low, VCC=typ —@— ACLR High, VCC=typ

26




image4.png
ACLR (dB)
S )
BREBERERRE

DFTS-OFDMA 11PRBs interlaced

7

16

17

18 19 20 21 22 23
PA output power (dBm)

—8—ACLR low, VCC=low —@—ACLR High, VCC=low

—8—ACLR low, VCC=typ —@— ACLR High, VCC=typ

24

25

26




image1.emf

