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1
Introduction
RAN4 has received an LS from RAN1 [1] regarding eLAA uplink transmissions, and the unwanted emissions resulting from the proposed Block Interlaced FDMA waveform.
It was noted in [2] that when the PUSCH interlace is configured using equidistant resource block spacing (e.g. currently proposed every 10th RB), the intermodulation distortion peaks caused by the non-linear PA appear at also equidistant spacing, summing up and increasing the peak unwanted emissions.
This document presents simulation results for the interlaced uplink transmission, both for equidistant resource block spacing, as well as for pseudo-random spacing.
2
Discussion

The achievable output power from the PA may be considered lower at 5 GHz frequencies, than what can be achieved at lower frequency bands. It is estimated that for a legacy Rel-8 LTE20 100RB resource allocation at 5 GHz, 2-3 dB lower output power is reasonable than e.g. at 2.5 GHz bands, when the DC current consumption remains at a similar level, and the legacy ACLR and SEM requirements are met.

Three PA models were used in the simulation. Because reliable 5 GHz PA models were not yet available, the existing models were scaled down by 2 dB. The PA operating point was calibrated so that with Rel-8 100RB QPSK uplink resource allocation, 30 dB E-UTRA ACLR was just met with 20 dBm output power at the antenna connector (i.e. Power Class 3 nominal power 23 dBm, minus 1 dB MPR, minus 2 dB delta due to high frequency band). Otherwise normal RAN4 minimum RF requirements were used, i.e. 25 dBc IQ image and LO suppression, 60 dBc CIM3.
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Figure 1: PA calibration at 20 dBm antenna output power (two PA models)
The relevant spectrum emission mask is e.g. ETSI SEM from [3]. This is because for equipment to enter European market, the ETSI SEM must be fulfilled, and also at the considered output power level the legacy LTE SEM is relaxed compared to the ETSI SEM (note that the ETSI SEM is relative, and normalized to the peak on-channel power measured at 1 MHz bandwidth). With the legacy 100RB signal, two out of the three PA models pass the ETSI SEM at 1 dB MPR with 2-4 dB margin, whereas the third PA model needs 3 dB MPR.
The figure below shows the spectra at the antenna connector, simulated using a CMOS PA model. The interlaced signals used 10 total allocated RBs, with indices 0 and 90 as the outermost allocated RBs. This is to support the 80% bandwidth occupancy rule that is in place in the European regulation (otherwise, for pseudo-random RB spacing, there would be less than 10 possible interlaces). Note that the dark blue curve is taken using 30 kHz measurement bandwidth, and the light blue is 1 MHz measurement bandwidth.
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Figure 2: PA2 simulation results for Rel-8 100RB (top left), worst case interlace with fixed RB spacing (top right), two interlaces with randomized RB spacing (bottom).
Based on the simulation results, the interlace RB randomization does not improve the unwanted emission peaks, nor the E-UTRA ACLR, compared to fixed RB spacing. In addition, having non-equidistant RB allocations would require careful design of the interlaces in order to support multiplexing of 10 users.
3
Summary

Simulation results for eLAA UL B-IFDM waveform have been provided for interlaces using fixed and pseudo-random RB spacing.
The results indicate that there is no clear benefit from randomizing the RB spacing within an interlace.
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