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1. Introduction
In previous papers (1&2), sub6 SEM had been discussed.  SEM range 0 -1 MHz offset is problematic as the FCC 1% rule and how 3GPP measures SEM, effectively lowers the limit for spurious emission psd as the BW increases.  In (2),it was proposed that the limit be adjusted to -24dBm/30 kHz, effectively keeping the 3GPP limit the same for BWs > 40 MHz.

However, calculating the 3GPP limit based on the FCC 1% rule would mean, in the case of 100 MHz BW, the limit should be -28.2dBm/30kHz.  This calculation assumes the psd of the emission is flat in the region 0-1MHz - to be challenged in the following .  It was then proposed to try and change the FCC limit as the 1% rule seems unreasonably difficult at the higher BWs.
However, after discussion with Qualcomm regulatory group, it will take a long time to change any limit within FCC.  As time is of the essence for 5G NR specification release 15, it seems another approach is needed.  The FCC 1% rule, how it is measured, the 3GPP measurement procedure and spurious emission are analyzed.
2. SEM FCC vs 3GPP Proposal

The following outlines the SEM limits applied for 3GPP vs FCC, particularly the 100 MHz BW case for FC and 3GPP (SCS 30kHz) – expected to be worse case.
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Table 1: FCC SEM Limit  vs 3GPP proposed SEM limits
2.1. Test Waveforms:

The RB allocations are swept from 1Rb to maximum RBs and the aligned as in Figure 1.
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Figure 1: Single RB 100 MHz sub-6

3. 100 MHz SEM Measured Results
A test platform for sub6 including a 5G NR waveform and a typical 3.3 – 4.2 GHz PA are used in a series of measurements to determine the maximum PA output power limited by SEM.  The SEM was measured compared per FCC 1% rule and 3GPP -24dBm/30kHz proposal (SCS 30KHz). The highest spectral utilization proposed of 273 RBs was used.
Note: Ignore the ALCR curve in the following figures.

3.1. Assumptions and Test Setup

· Typical 3.5 GHz PA sample
· Test frequency: 3.55GHz
· Front End Loss of UE set to 3.0dB
· Test waveforms:
· 100MHz, 30kHz SCS
· QPSK, 2% WOLA
· Modifications were then made to test waveforms, prior to use:
· Circularity forced on waveform data to suppress spurious output outside intended signal
· LO leakage introduced to ~ -25dBc
· Image introduced by IQ amplitude imbalance ~-25dBc
· Spectrum Analyzer had averaging mode enabled to reduce noise in data. Detector was in RMS mode.
· 3GPP SEM
· Measurement bandwidth: 30kHz (‘MBW’), per 3GPP spec
· Measurement frequency range: 0.015kHz to 0.985kHz. 0.5*MBW elbow - allows integration bandwidth to stay inside 0-1MHz at all times.
· FCC SEM
· Measurement bandwidth: 1% of Chan BW, per FCC spec
· For 100MHz channels, MBW coincides with near OOB region size (1MHz). Compliance decision made on power averaged over entire 0-1MHz region
3.2. Measured Results.

The results were considered for SC-FDMA and OFDM for 273 RBs, 30 kHz SCS and 100 MHz BW.
3.2.1. SCFDMA
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Figure 2: Maximum Pout, 273RBs, SC-FDMA, FCC vs 3GPP -24dBm/30kHz(SCS 30 kHz)
3.2.2. OFDM
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Figure 3: Maximum Pout, 273RBs, OFDM, FCC vs 3GPP -24dBm/30kHz(SCS 30 kHz)
The above figures, show max power limit based on SEM, FCC1% rule and 3GPP proposed -24dBm/30kHz are very similar for 273 RBs, SC-FDMA or OFDM. Importantly based on the above the proposed 3GPP limit of -24dBm/30kHz, is compliant to FCC at a maximum output power of 23 dBm (antenna).
4. Simulation.

The Simulation results use model for the waveform as the measured results and PA model determined from the same PA used in the measured results.

Note: Ignore the ALCR curve in the following figures.

4.1. Assumptions and Conditions

· PA Model
· Vout, Vin, Phase LUT derived from complex polynomial model.
· Based on sample PAas per Measured Results.
· PA is assumed to be in APT mode (fixed voltage bias).
· Impairments
· LO leakage -25dBc
· RSB -25dBc
· P4FMOD or CIM3 -60dBc
· Front end loss is chosen at 2.8 dB
· Determined by the difference of the PA reference power and the target antenna power
· The PA reference power can be arbitrary. We chose +26.8dBm for -30dBc ACLR 
· The target antenna power is +24dBm. We allow 1dB implementation error so that results err on the pessimistic side
· The difference is the desired front end loss. (26.8-24=2.8dB).
· SEM limit [0-1MHz]
· FCC -13dBm/[.01*CCBW] for CCBW=100MHz
· SEM 3GPP -24 dBm/30kHz
4.2. Simulation results
The Simulation results for SC-FDMA and OFDM for 273 RBs, 30 kHz SCS and 100 MHz BW.
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Figure 4: Simulated Max Pout, 273RBs, SC-FDMA, FCC vs 3GPP -24dBm/30kHz(SCS 30 kHz)
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Figure 5: Simulated Max Pout, 273RBs, OFDM, FCC vs 3GPP -24dBm/30kHz(SCS 30 kHz)
Although the simulated max output power vs RB allocation is not the same as the measured data, the trend is similar.  More importantly, the 3GPP proposed limit of -24dBm/30 kHz is compliant with FCC at 23 dB output power for SCFMA.  Assuming some MPR for OFDM, then it is reasonable to expect OFDM to be compliant as well.  
5. Conclusion
The 3GPP -24 dB/30kHz limit for SEM result in FCC compliant SEM.  Although not expected based on the BW scaling from FCC1% to 30kHz for 3GPP, BW scaling assumes the PSD is flat (constant).  In fact the psd with higher utilization is not flat, unlike in LTE and hence the 3GPP limit can be relaxed as a result.  It just so happens that -24 dBm/30kHz 3GPP limit at 23 dBm max Pout for SC-FDMA results in compliant FCC 0-1 MHz emissions and OFDM would be compliant with some MPR – the MPR is FFS.
Proposal: for BWs > 40 kHz, the SEM is -24dBm/30kHz.

Reference

[1] R4-1703045,
“Feasible Spectral Utilization for NR”, Qualcomm Incorporated, 3GPP TSG-RAN WG4#82 Meeting, Spokane, USA, 3-7 April  2017
[2] R4-1705674
“Sub6 SEM”, Qualcomm Incorporated, 3GPP TSG-RAN WG4#83 Meeting, Hangzhou, China, 15-19th  May  2017
1
6

[image: image1][image: image7.png]


