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Introduction
In RAN4 #86bis, [1] suggested that A-MPR studies may be required to meet spurious emissions and satellite band protection in FR2 due to symmetrisation of UL signal image. 
In this paper, additional measurements performed on a power amplifier (PA) are used to confirm the observations.
Discussion
Symmetrisation of Image at High Power Levels
Measurement setup
Measurements are performed at 28 GHz focusing on meeting ACLR, SEM, spurious emission and EESS services protection in the 23.6-24 GHz range. This paper assumes an EESS band protection level of -27 dBW/200MHz (-20 dBm/MHz), and a level of -13 dBm/MHz for general spurious emission requirements. Through cross-compression of the image signal with the wanted signal, a signal is generated at the symmetric frequency offset from the wanted signal (symmetrisation). The carrier leakage signal sees the same phenomenon but at a lower level due to its lower frequency offset. To illustrate these effects the input test waveform uses 1 RB located at lowest possible offset for a 200 MHz and a 400 MHz cell bandwidth (CBW). Due to lack of time, I/Q and LO leakage could not be adjusted according to RAN4 assumptions of -25 dBc rejection ratio. The injected waveform delivers -31 dBc, thereby leading to lower spurious emission levels than expected.

2.1.	Symmetrisation of Image results
All measurements are normalized in the frequency domain relative to the center carrier frequency at which PA is operated. 
Figure 1 below shows the measured PSD of a 200 MHz CBW 1 RB 60kHz SCS Pi/2 BPSK signal with -31 dBc image and LO rejection ratio. The symmetrized signal can be seen on the left of the active RB, providing approximately only 7 dB margin relative to the general spurious emission limit of -13 dBm/MHz. Note that in Figure 1, ACLR performance is approximately -30 dB for the lower channel, (i.e. the PA was not driven at the maximum requirement). 
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[bookmark: _Ref510812796]Figure 1: n258 200MHz CBW emissions vs SEM, spurious emissions and EESS band protection
Figure 1: n258 measured power spectral density (PSD) at -30 dB ACLR, 1RB Pi/2 BPSK 60kHz SCS, transmission bandwidth configuration of 200 MHz. Black: measured PA output spectrum, Green: NR SEM, Dotted black: SEM, Spurious emission and EESS band protection mask.
Figure 2 shows the measured PSD of a 400 MHz CBW 1 RB 120 kHz SCS CP-OFDMA QPSK signal with -29 dBc and -32 LO and image rejection ratio respectively. The symmetrized signal can be seen on the left of the active RB, providing only 6 dB margin relative to EESS protection limit of -20 dBm/MHz. Note that in Figure 1, ACLR performance is approximately -32 dB for the lower channel (i.e. the PA was not driven at the maximum requirement).
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Figure 2: n258 measured power spectral density (PSD) at -32dB ACLR, 1RB CP-OFDM 120kHz SCS, transmission bandwidth configuration of 400 MHz. Black: measured PA output spectrum, Green: NR SEM, Dotted black: SEM, Spurious emission and EESS band protection mask.
Figures 1 and  2 show that despite measurement signals deviating significantly from the RAN4 -25 dBc LO and image rejection assumptions, and despite PA delivering ample ACLR margin, symmetrisation of image and LO generates spurious emission levels that may violate both the general spurious emission limit of -13 dBm/MHz and the EESS protection limit of -20 dBm/MHz. These measurements must be repeated using better calibrated PA operating point and input waveforms to refine the amount of power back-off required.  Considering the small margins observed with test conditions better than RAN4 assumptions, we expect that without A-MPR both limits would be violated for small RB allocations.
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Conclusions
This contribution discusses the potential issues caused by the symmetrisation of the uplink image LO leakage. It shows that both spurious emission and EESS protection requirements may not be met. Therefore, additional A-MPR studies may be required.
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