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1. Introduction
In RAN4 NRAH#3, investigation on potential spurious emission issues linked to heterodyne architecture image leakage and harmonic 2 of NR FR2 UE was discussed in [1], and further input from RAN4 was communicated to ITU WP 5D on the possibility of better emission levels in some protected bands via LS [2]. In this contribution, we provide harmonic 2 measurements of a 28GHz power amplifier at BS and UE respective operating points of 28dBc ACLR and 17dBc ACLR.
2. Discussion
2.1. 28GHz PA Harmonic 2 Measurements
Harmonic 2 levels have been measured on a prototype 28GHz PA for different ACLR levels corresponding to UE and BS limits. This measurement was made on the same PA as the ACLR and EVM measurements in [3]

Figure 1 is for CP-OFDM QPSK 100MHz 132RB0 60 KHz SCS waveform, Pout is approximately +10dBm at the highest ACLR level of 22dBc. Fundamental signal is on the left while harmonic 2 is on the right.
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Figure 1: Fundamental and H2 of 100MHz QPSK CP-OFDM signal at 30/28/25dBc ACLR levels
This design output match is not optimized yet for lowest H2 level so we will only discuss relative levels and harmonic shape:

· First this signal is a fully allocated signal, thus it must be noted that a single RB would occupy 720kHZ and its harmonic 2 would have a 3dB bandwidth of 1MHz thus would be 20dB higher that the 100MHz signal of Figure 1.

· The harmonic 2 shape may only allow about 3dB gain if integrated over a 100MHz bandwidth, for a 200MHz bandwidth signal the H2 would be almost flat within 100MHz.

· The harmonic 2 level increases by 6dB with 3dB of output power increase related to a 22dBc ACLR (UE ACLR at EVM limit) and 28dBc ACLR (BS ACLR limit)

Observation 1: 

· 1RB 60kHz SCS is the worst case harmonic 2 for general spurious emissions.
· UE harmonic 2 is 6dB worse than BS due to 3 dB relaxed linearity for EVM limited case.
· UE harmonic 2 worst case will be for PI/2 BPSK, as it is not EVM limited and could be another 5dB higher.

· 200MHz NR signal will be the worst case for 100MHz integrated harmonic 2 spurious measurement.
2.2. Other UE Spurious Emissions
As discussed in [3] and also verified in this harmonic 2 study it is important that UE spurious emission used for coexistence simulations not only takes into account the fact that there is power control, but also that most waveforms are  EVM limited, so they will see MPR:
· The harmonic 2 ACLR is improved by about 2x the MPR in dB

· The image is improved by 1x the MPR

Observation 2: When assessing UE spurious emissions related to ACLR, Image and Harmonic 2, the effect of MPR must be accounted for, especially as most waveforms are EVM limited.
3. Conclusion
This contribution provides early harmonic 2 measurements on a 28GHz prototype PA and together with [3] discusses the effect of different ACLR requirement for UE and BS on achievable spurious levels. It further discusses the effect of MPR on UE overall spurious emissions level especially taking into account the fact that most waveforms are EVM limited. The following observations are made:
Observation 1: 

· 1RB 60kHz SCS is the worst case harmonic 2 for general spurious emissions.
· UE harmonic 2 is 6dB worse than BS due to 3 dB relaxed linearity for EVM limited case.
· UE harmonic 2 worst case will be for PI/2 BPSK as it is not EVM limited and could be another 5dB higher.

· 200MHz NR signal will be the worst case for 100MHz integrated harmonic 2 spurious measurement.
Observation 2: When assessing UE spurious emissions related to ACLR, Image and Harmonic 2, the effect of MPR must be accounted for, especially as most waveforms are EVM limited.
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