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1. Introduction
In RAN#82 a new WI has been approved on NR-U in 5 and 6 GHz which involves RAN4 [1]. This contribution discusses initial MPR and power classes based on a set of interleaved RB allocations for 20MHz cell bandwidth (CBW), and fully allocated waveforms for 20,40,80 and a hypothetical 160 MHz CBW NR-U operation in the 6GHz range using a WiFi power amplifier (PA). 
2. Discussion
This contribution focuses on the power amplifier contribution with the waveforms and channel bandwidth under consideration for NR-U operation in the 6GHz range. A standard 5GHz WiFi PA designed to meet the state of the art handset requirement has been measured with a number of waveforms using both 802.11ax Spectrum Emission Mask (SEM) and 3GPP NR ACLR pass/fail criteria.
2.1. WiFi PA measurements with PRB-based frequency block interleaved, NR fully allocated and WiFi waveforms

To assess commercial WiFi PA behavior, the following waveforms have been selected for the measurement campaign:

· To account for RAN1 studies on extensions of UL PUSCH data channel waveforms, we use the following PRB-based frequency block-interlaced waveforms for 20MHz CBW, 15kHz SCS: 

· 10/106RB10 QPSK DFT-S-OFDM waveform is 1 active RB every 10 RB, ie a total of 10 active RBs at offset position RB0, RB10, RB20, RB30, RB40, RB50, RB60, RB70, RB80, RB90.
· 10/106RB10 QPSK CP-OFDM waveform is 1 active RB, ie. a total of 11 active RBs at offset position  RB0, RB10, RB20, RB30, RB40, RB50, RB60, RB70, RB80, RB90, RB100,

· To establish comparison with MPR baseline reference in FR1, fully allocated QPSK waveforms are tested for 20 and 40MHz with SCS 15kHz and 80 MHz CBW with SCS 60kHz. Since 802.11ax supports 160 MHz, an hypothetical NR 160MHz CBW waveform is also tested with full allocation at SCS 60 kHz. For each CBW, both DFT-S-OFDM and CP-OFDM waveforms are measured.

· To establish baseline comparison with 802.11ax, the WiFi maximum output power capability is tested by delivering 0 dB margin to the 20,40,80 and 160 MHz using a set of 802.11ax QPSK (MCS2) waveforms.

2.2. Types of performed measurements.

Maximum output power PA capability is measured by ramping the tested waveform output power until either one of the following gating factors is “just” failed, ie, fails with < 0.5 dB from the respective conformance requirements:

· All waveforms are tested against the 802.11ax SEM mask limits scaled according to the configured CBW. Power ramping is stopped as soon as any segment of the SEM is failed by more than 0.8 dB
· NR fully allocated waveforms are tested against NR ACLR requirements corresponding to each CBW. For 160 MHz, the ACLR requirement is tentatively tested by scaling 80 MHz measurement BW by a factor 2. Power ramping is stopped when measured ACLR meets -30dBc + - 0.8 dB.
Table 1 below summarises the channel power measurement bandwidth for each RAT and each CBW.
Table 1 Channel Power Measurement Bandwidth for 802.11ax and NR-U Measurements

	Channel BW [MHz]
	20
	40
	80
	160

	802.11ax channel power measurement bandwidth [MHz]
	19.5
	39
	79
	159

	NR-U channel power measurement bandwidth [MHz]
	19.1
	38.9
	78.2
	156


2.3. RAW PA measurement results

All measurements are performed at 5815MHz carrier frequency. Reported output power capabilities are scaled to the RAN4 PA calibration point convention of 1dB MPR using 20MHz QPSK DFT-S-OFDM waveform for PC3 operation. 2.6 dB post PA losses are assumed.
2.3.1. NR QPSK fully allocated and WiFi QPSK MCS results

Table 1 and Table 2 summarise measured PA performance for 802.11 ax and NR ACLR requirements.
Table 2 WiFi PA Measurement Results for WiFi vs 802.11ax SEM and NR vs ACLR Requirements.

	PA maximum output power capability [dBm] / RAT / Conformance requirement

	CBW
	20MHz
	40MHz
	80MHz
	160MHz
	Conformance

	WiFi MCS2
	22.2
	22.2
	22.2
	21.4
	802.11ax SEM

	QPSK CP-OFDM
	20.4
	20.4
	20.4
	20.1
	NR ACLR

	QPSK DFT-S-OFDM
	22
	22
	22
	21.6
	NR ACLR


Table 3 WiFi PA Measurement Results for WiFi and NR vs 802.11ax SEM.
	PA maximum output power capability [dBm] / RAT / Conformance requirement

	CBW
	20MHz
	40MHz
	80MHz
	160MHz
	Conformance

	WiFi MCS2
	22.2
	22.2
	22.2
	21.4
	802.11ax SEM

	QPSK CP-OFDM
	21.2
	21.2
	21.2
	21
	802.11ax SEM

	QPSK DFT-S-OFDM
	22.6
	22.6
	22.6
	22.4
	802.11ax SEM


It should be noted that at 160MHz, WiFi 802.11ax conformance to SEM is sensitive to transmitted bit pattern stream. The bit pattern stream has been carefully selected so as to maximize modulated output power.

We make the following observations:
Observation 1: From Table 1, it can be seen that PA output power capability is constant across 20,40 and 80 MHz CBW. A minimum of 0.3 to 0.4 dB MPR is required to support 160 MHz CBW operation.
Observation 2: From Table 1, it can be seen that a minimum of 1.6 dB PA back-off is required to support CP-OFDM vs DFT-S-OFDM.

Observation 3: From Table 2, it can be seen that 802.11ax SEM is less stringent than NR ACLR requirement: the PA is capable of delivering 0.6 to 0.8 dB more power using 802.11ax SEM.

Observation 4: From Table 2, it can be seen that the PA is able to deliver slightly more power (0.4 dB) for NR QSPK DFT-S-OFDM waveforms than for 802.11ax QPSK waveforms at CBW 20,40 and 80 MHz. At 160 MHz, NR QPSK CP-OFDM can be transmitted at 0.4 dB lower power than 802.11ax, while DFT-S-OFDM QPSK waveforms can be transmitted with nearly 1 dB more power than 802.11ax. It should be noted that WiFi maximum power at 160 MHz has been optimized by carefully selecting PRBS data bit streams so as to minimize bit pattern spurious emissions.
Observation 5: Since only 2.6 dB post PA losses are assumed, the re-use of WiFi state of the art PA might require the introduction of a 20dBm power class capability.

2.3.2. NR QSPK PRB interlaced results

Figure 1 below compares the CCDF of PRB interlaced DFT-S-OFDM waveform (left) vs that of CP-OFDM. It can be seen that CP-OFDM waveforms exihibit a near 1.6 to 1.8 dB higher PAPR.
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Figure 1 PRB frequency based interlaced CCDF of QPSK DFT-S-OFDM (left) and QPSK CP-OFDM waveforms
Figure 2 shows the maximum output power that can be transmitted using 802.11ax 20 MHz SEM as gating factor. It can be seen that transmission of CP-OFDM requires a 1 dB output power back-off.
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Figure 2 PRB frequency-based interlaced performance at +- 0.8 dB margin from maximum requirement vs 802.11ax SEM. Left: QSPK DFT-S-OFDM, Right: QPSK CP-OFDM.
Observation 6: QSPK CP-OFDM PRB interlaced waveforms exhibit 1.6 to 1.8 dB higher PAPR than QPSK DFT-S-OFDM PRB interlaced waveforms. A minimum of 1 dB MPR is required to support CP-OFDM interlaced waveforms. Since PSD decreases with increasing operating CBW, MPR for PRB frequency-based interlaced waveform should be CBW dependent.
3. Conclusions

A measurement campaign has been performed on a 5GHz WiFi PA to determine its behavior with RAN1 PRB frequency based interlaced waveforms currently under study. From this study we make the following observations:
Observation 1: From Table 1, it can be seen that PA output power capability is constant across 20,40 and 80 MHz CBW. A minimum of 0.3 to 0.4 dB MPR is required to support 160 MHz CBW operation.
Observation 2: From Table 1, it can be seen that a minimum of 1.6 dB PA back-off is required to support CP-OFDM vs DFT-S-OFDM.

Observation 3: From Table 2, it can be seen that 802.11ax SEM is less stringent than NR ACLR requirement: the PA is capable of delivering 0.6 to 0.8 dB more power using 802.11ax SEM.

Observation 4: From Table 2, it can be seen that the PA is able to deliver slightly more power (0.4 dB) for NR QSPK DFT-S-OFDM waveforms than for 802.11ax QPSK waveforms at CBW 20,40 and 80 MHz. At 160 MHz, NR QPSK CP-OFDM can be transmitted at 0.4 dB lower power than 802.11ax, while DFT-S-OFDM QPSK waveforms can be transmitted with nearly 1 dB more power than 802.11ax. It should be noted that WiFi maximum power at 160 MHz has been optimized by carefully selecting PRBS data bit streams so as to minimize bit pattern spurious emissions.

Observation 5: Since only 2.6 dB post PA losses are assumed, the re-use of WiFi state of the art PA might require the introduction of a 20dBm power class capability.

Observation 6: QSPK CP-OFDM PRB interlaced waveforms exhibit 1.6 to 1.8 dB higher PAPR than QPSK DFT-S-OFDM PRB interlaced waveforms. A minimum of 1 dB MPR is required to support CP-OFDM interlaced waveforms. Since PSD decreases with increasing operating CBW, MPR for PRB frequency-based interlaced waveform should be CBW dependent.
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