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Introduction
NR-U includes an uplink interlaced waveform whereby every M RB’s uniformly spaced over the channel are transmitted.  While eLAA also included a similar waveform, the challenge for the NR-U waveform is more severe due to the higher spectrum efficiency and smaller guard bands.  This contribution provides initial simulations results against proposed Tx emission requirements to characterize the achievable output power when an NR-U waveform is applied to a PA designed for WiFi.  Single carrier QPSK waveforms for 15 kHz SCS CP-OFDM and DFT-S-OFDM are simulated against EVM, ACLR, SEM, spurious emissions, and the ETSI transmit mask in this contribution.
Discussion
Interlaced waveform
For uplink PUSCH and PUCCH transmission with uniform spacing, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth
15 kHz SCS: M=10 interlaces with N=10 or 11 PRB’s per interlace
30 kHz SCS: M=5 interlaces with N=10 or 11 PRB’s per interlace
Other options for non-uniform spacing have been considered in RAN1 but are outside of the scope of this contribution.  Therefore, in this contribution for 15 kHz SCS CP-OFDM and DFT-S-OFDM, interlaces examples include transmission of RB’s {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100}, {1, 11, 21, …, 101}, …, {5, 15, 25, …, 105} with interlace starting at RB0 and interlace starting at RB5 representing transmissions with RB’s allocated at the lower and upper edge of the channel.
Moreover, for 15 kHz SCS CP-OFDM in a 20 MHz channel, the spectrum utilization is 106 RB’s with resulting minimum guard band of 452.5 kHz.  Therefore, RB0 approximately occupies the frequency range -9.5475 MHz to -9.3675 MHz relative to the carrier frequency.  The minimum guard band and RB0 placement applies to both CP-OFDM and DFT-S-OFDM with 106 RB’s and 100 RB’s, respectively.
Emission requirements
[bookmark: _GoBack]Emission requirements have not yet been agreed for NR-U.  However, the following were checked by simulation.  The PA in the simulation was calibrated against WiFi requirements according to [1] with an assumption of 4.4 dB additional front-end loss to reach the antenna port from the transmit module output.  The additional front-end loss comes from 1 dB for a band-pass filter and 3.4 dB simulated trace loss for a trace length of 50mm at 5 GHz frequency.  For this particular PA, the calibration offset against a WiFi reference is 2 dB.  Multiple waveforms were simulated but the results from two are tabulated below – an interlace 0 waveform with RB’s {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100} and a fully allocated waveform with all RB’s allocated.  The channel was a single 20 MHz, CP-OFDM or DFT-S-OFDM, 15 kHz SCS with QPSK modulation.  These simulations only include the PA.  Baseband WOLA shaping is modeled with 25% CP overlap, LO and IQ imbalance of -28 dBc, and CIM3 of -60 dBc are included, but no other baseband or transceiver artifacts at the moment.  Baseband clipping and other artifacts may impact the results and therefore the results may be revisited when those artifacts are included. 
While agreement on these has not yet been achieved, the general requirements that were simulated against include as described in [2]
· ACLR = 25.5 dB
· EVM = 17.5% = -15.1 dB for QPSK
· General SEM as follows  
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· General spurious emissions of -30 dBm/MHz at an offset of channel bandwidth + 5 MHz or greater from the channel edge
In addition to the general requirements above, the following additional requirement expected to be indicated by NS for deployments in European countries was also considered.
· ETSI mask
The ETSI mask on transmit power spectral density was obtained from EN 301 893 and is reproduced below.  The emissions must be below the greater of the mask or -30 dBm/MHz, effectively imposing a limit at -40 dB on the mask assuming a maximum power transmission at 10 dBm/MHz.  The measurement bandwidth is specified to be 1 MHz. 
[image: ]
Simulation results

	Requirement
	DFT-s-OFDM
	CP-OFDM

	
	Interlace-0
	Full allocation
	Interlace-0
	Full allocation

	EVM
	18.4
	19.2
	17.2
	16.7

	SEM
	17.9
	18.9
	16.7
	17.6

	Spurious emissions
	18.9
	21.4
	18.0
	18.4

	ACLR
	17.4
	18.3
	16.3
	16.4

	ETSI Tx mask
	17.0
	17.9
	15.6
	16.0


Table 1.  Output power for NR-U single carrier interlace-0 and full allocation QPSK waveforms
The following observations are made based on the simulation results above.  For DFT-S-OFDM with full allocation, the maximum output power achieved is 18.3 dBm limited by ACLR of 25.5 dB, disregarding the ETSI Tx mask requirement since that is envisioned to be signaled by NS with an A-MPR allowance.  Assuming that a QPSK fully allocated waveform is allowed 1 dB MPR, the maximum output power implied by this measurement is 19.3 dBm falling 0.7 dB short of the maximum output power for PC5.  Interlace-0 waveforms require approximately 1 dB additional backoff compared to fully allocated waveforms, while CP-OFDM require yet more backoff.  It is expected that there exist DFT-S-OFDM waveforms with more than a single interlace allocation, but not fully allocated, which may be able to achieve higher output power, but these waveforms have not been identified or studied yet.
Unfortunately, it was observed in the simulation results that the behavior of the PA as power is adjusted is not according to expectation.  It was observed that the ACLR change by 5 to 6 dB for every 1 dB change in output power, which is a much higher rate of change than expected.  Therefore, the PA model used to derive results in this contribution may not be fully accurate since this behavior is not consistent with expected 3rd order IM.  Verification of the PA model is still ongoing as of the time of this writing.
Conclusion
Initial simulation results are provided to illustrate the output power achievable with single carrier NR-U waveforms to meet emission requirements reusing a PA originally designed for WiFi applications.  The results suggest that the maximum output power of 20 dBm for PC5 may not be achieved with this PA.  A fully allocated QPSK waveform with DFT-S-OFDM encoding is only able to meet 18.3 dBm when limited by ACLR of 25.5 dB.  The PA used in the simulations, however, is still being verified at the time of this writing.
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