3GPP TSG-RAN WG4 Meeting # 84
R4-1707704
Berlin, Germany, 21 - 24 August, 2017
Source: 
Skyworks Solutions, Inc.
Title: 
ACLR and EVM Measurement at Low Back-off for mmWave NR UE MPR Evaluation
Agenda Item:
9.4.3.1.2
MPR evaluation
[NR_newRAT]
Document for:
Approval
1. Introduction
In RAN4#NR-AH2 meeting there was an effort to align contributing companies’ assumptions for MPR simulation and measurements to result in way forward [1]. A first evaluation of mmWave MPR based on EVM and ACLR requirements was discussed in [2] based a mmWave PA model which showed strong limitations at strong compression levels. In this contribution, an alternate method is used to provide better insights based on measurements. It is still an indirect approach, but it provides useful guidelines for further investigations.
2. Discussion
2.1. Indirect Evaluation of MPR for mmWave Based on EUTRA ACLR and EVM Measurements
At the last RAN4#NR-AH2 meeting a first evaluation of potential MPR for mmWave NR UE was presented [2]. This study used simulations based on a AM/AM, AM/PM based model extracted from transistor simulation of a 28GHz PA design. Because the ACLR target of 17dB for mmWave NR UE requires PA operation in deep compression, the simulation results could not be trusted beyond 25dBc ACLR as more and more waveform peaks would exercise the model beyond its domain of amplitude validity.
Before measurement can be performed directly at mmWave, which is a challenge due to measurement stability and accuracy, an alternative approach is explored here. Since it is difficult to do true mmWave NR ACLR and EVM measurement today (some requirements are not yet defined), EUTRA requirements are used instead and measurement is performed with 20MHz channel bandwidth on a 3.5GHz PA. Provided that these SC-FDMA results are considered relevant only for DFT-s-OFDM and scaled for similar back-off, it provides good insights on whether MPR limitations come from ACLR of EVM and provides good relative back-off data. In the future, DL LTE waveforms could be used to assess CP-OFDM like behavior in a similar way.
2.2. Measurement Results

To do a preliminary evaluation the following waveforms were used:

· 20MHz 100RB full allocation SC-FDMA waveform
· 25dBc Image rejection, very low carrier leakage

· QPSK, 16QAM and 64QAM modulation

It is recognized here that TRX impairments are not all present and that at mmWave the LO phase noise will also have a stronger EVM impact, thus it is recommended to treat these EVM results as a best case.

Similarly, it will be more difficult to control the PA load line at mmWave frequencies and especially its harmonic terminations. This has some influence on the ACLR curve shape versus output power at low power levels but is fairly representative in strong compression; the main impact is on achievable power efficiency.

Figure 1 illustrates the results for QPSK, 16QAM and 64QAM EUTRA waveforms (from lighter to darker color) and provides PA gain (blue colors), ACLR (orange to brown) and EVM (green curves) results.
It should be noted that in the highly compressed region, the EVM curve uses a dashed line for 16 and 64 QAM, this is because the measurement instrument was starting to report EVM in lower modulation orders, meaning that the demodulation process started to be heavily impacted.

It is also to be noted that EVM floor is about 5.5%, which is entirely due to the 25dBc image, as 5.5% EVM corresponds to a 25.2dB SNR. Obviously NR mmWave BS will achieve much better values.
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Figure 1: PA gain, EUTRA ACLR and EVM measurement results vs Pout for QPSK, 16&64QAM

For sake of discussion, the BS ACLR for mmWave NR is: 28dB for 30GHz, 26dB for 45GHz. Since BS will use CP-OFDM only with 3dB higher PAPR, it can be seen that even without any linearization technique and assuming better IBE than the UE 25dBc image rejection:

· The 30GHz 28dBc ACLR would be achieved for 25.2dBm Pout or a bit more than 6.5dB back-off.
· The 45GHz 26dBc ACLR would be achieved for 25.8dBm Pout or 6dB back-off.
· At these levels of back-off, very low EVM compatible with 64QAM are achievable provided better image rejection are available in BS with proper calibrations.
For a mmWave NR UE the following requirements are applicable:

· ACLR: 17dB for 30GHz, 16dB for 45GHz

· EVM: 17.5% for QPSK, 12.5% for 16QAM, 8% for 64QAM

From the results, it can be observed that 17dBc ACLR can only be achieved with the QPSK waveform at nearly 0dB back-off. At this point the PA behaves like a limiter and although EVM just below 17.5% are measured, it does not yet include all the impairments, notably the LO phase noise. Therefore, it is fair to conclude that DFT-s-OFDM QPSK waveform are likely to be EVM limited before 17dB or 16dB ACLR are obtained.

For 16QAM and 64QAM, the back-off limitation for DFT-s-OFDM definitively comes from EVM, with at least 2.5dB and 3.5dB back-off for 16QAM and 64QAM respectively. For QPSK as low as 0.5dB back-off may be sufficient.
Finally, extrapolating these results it appears that only DFT-s-OFDM Pi/2 BPSK could be ACLR limited provided that EVM requirement is relaxed compared to QPSK. 
Given these significantly lower back-off values compared to current EUTRA PA operating point, it is of interest to investigate crest factor reduction or clipping methods at BB, as it would allow a better controlled EVM and OOB emissions than letting that to the PA limitations behavior. This also means that spectral shaping with low PAPR might be of interest for DFT-s-OFDM QPSK on top of Pi/2 BPSK.
The preceding observations are summarized in Table 1 and in the observations below.

Table 1: MPR limitation and PA back-off estimates

	Waveform
	UE/BS
	Power limitation
	PA back-off estimate

	CP-OFDM QPSK/16&64QAM
	30GHz BS
	ACLR
	6.5dB

	CP-OFDM QPSK/16&64QAM
	45GHz BS
	ACLR
	6dB

	DFT-sOFDM QPSK
	30/45GHz UE
	EVM/ACLR
	0.5dB

	DFT-sOFDM 16QAM
	30/45GHz UE
	EVM
	2.5dB

	DFT-sOFDM 64QAM
	30/45GHz UE
	EVM
	3.5dB

	DFT-sOFDM Pi/2 BPSK
	30/45GHz UE
	EVM/ACLR
	0dB?

	CP-OFDM all
	30/45GHz UE
	Need to evaluate effect of 3dB higher PAPR


Observations:

· BS will be ACLR limited for QPSK, 16QAM and 64QAM if no linearization technique is used.
· UE is EVM limited for DFT-S-OFDM 16QAM and 64QAM and likely for QPSK also.
· Given the DFT-s-OFDM QPSK waveform minimal back-off for UE, the power benefit of PI/2 BPSK is FFS, especially if it has the same EVM requirement than QPSK.
· BB CFR or clipping techniques are of interest for NR mmWave UE performance and power consumption; this may be beneficial for both CP-OFDM and DFT-s-OFDM waveforms.
· It is FFS if low PAPR techniques are of interest for DFT-s-OFDM QPSK, beyond applying them for Pi/2 BPSK.
3. Conclusion
In an attempt to shed more light on the PA operating regime for NR mmWave UE, this contribution used EUTRA ACLR and EVM measurements of a 3.5GHz PA. This allowed us to make estimates of PA back-off and possible MPR limitations, thus the following observations were made.
Observations:

· BS will be ACLR limited for QPSK, 16QAM and 64QAM if no linearization technique is used.
· UE is EVM limited for DFT-S-OFDM 16QAM and 64QAM and likely for QPSK also.

· Given the DFT-s-OFDM QPSK waveform minimal back-off for UE, the power benefit of PI/2 BPSK is FFS, especially if it has the same EVM requirement than QPSK.
· BB CFR or clipping techniques are of interest for NR mmWave UE performance and power consumption; this may be beneficial for both CP-OFDM and DFT-s-OFDM waveforms.

· It is FFS if low PAPR techniques are of interest for DFT-s-OFDM QPSK, beyond applying them for Pi/2 BPSK.
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