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1
Introduction
Uplink TX requirements for eLAA Rel-14 work item have been discussed in the RAN4#79 meeting and prior meetings as well, but so far not many conclusions have been reached. One particular issue is the lack of PAs and PA models for LTE usage on the 5 GHz bands; at the same time legacy ACLR and SEM metrics may not be relevant considering the unlicensed nature of the band. In order to proceed with discussion, we show how the PA model introduced for New Radio waveform evaluation work [1,2] performs with the eLAA signals.
2
Discussion

The uplink polynomial PA model for frequencies below 6 GHz was based on a 3.5 GHz PA. The polynomial coefficients are in dBm domain. The format can be directly copied to Matlab. The coefficients are organized as follows: [p9  p8  p7  …  p0] and the PA output y(t) can be computed from input x(t) using the formula
y(t) = p0 + p1∙x(t) + p2∙x(t)2 + p3∙x(t)3 + …
p_am = [7.9726e-12  1.2771e-9  8.2526e-8  2.6615e-6  3.9727e-5  2.7715e-5  -7.1100e-3  -7.9183e-2  8.2921e-1  27.3535];

p_pm = [9.8591e-11  1.3544e-8  7.2970e-7  1.8757e-5  1.9730e-4  -7.5352e-4  -3.6477e-2  -2.7752e-1  -1.6672e-2  79.1553];
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Figure 1: The polynomial uplink PA model for frequencies below 6 GHz. Instead of Pout vs. Pin, gain is shown to visualize the input power validity range.
The validity of the polynomial model deteriorates below input power -35 to -30 dBm, and it is suggested that fully linear model is applied below such input levels. Also extremely deep in compression, e.g. at input power above 9 dBm, the model does not provide realistic results. This should be fine since the signal peaks would anyway be limited to a reasonable value before entering the PA.

The PA achieves 26 dBm output power for LTE20 100RB QPSK uplink signal at 30 dB E-UTRA ACLR. In the following figure, typical 4 dB post-PA losses are assumed and the spectrum represents the performance at antenna connector. Rel-8 SEM and also ETSI SEM are drawn. Note that ETSI SEM is not met.
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Figure 2: PA model calibration using 30 dB E-UTRA ACLR. The output power at antenna is 22 dBm.
To meet the ETSI SEM, up to 4 dB MPR is needed for QPSK allocation. Even though the adjacent channel spectral “shoulder” improves when backoff is increased, the relative nature of ETSI SEM tightens the absolute requirement, hence the high MPR need.
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Figure 3: MPR needed to meet ETSI SEM is 4 dB for full resource allocation.
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Figure 4: Two different interlace allocations at 4 dB MPR, which is enough to meet the ETSI SEM in all cases.
Based on initial simulation, 4 dB MPR for any interlace allocation seems to be sufficient. Studies have been done for QPSK and 16-QAM modulation, and there is no practical difference in emissions spectrum at this PA backoff i.e. 4 dB is also sufficient for 16-QAM.
· Practically achievable PA output power is lower than on lower frequencies but amount of MPR seems to be reasonable 
· In regions where ETSI SEM is not applicable, legacy LTE SEM could be used. If ACLR requirement is relaxed from 30 dB, the UE could achieve the nominal 22 or 23 dBm output power
Therefore, we propose:

Proposal: For eLAA RAN4 UE RF requirement work the NR PA model below 6 GHz is used

3
Summary

We have presented eLAA UL MPR simulation results, for the polynomial <6 GHz PA model for New Radio waveform evaluation.
To meet the ETSI SEM, the PA model requires 4 dB MPR for all QPSK and 16-QAM interlace configurations. Higher order modulations were not investigated.

And we have made a following proposal

Proposal: For eLAA RAN4 UE RF requirement work the NR PA model below 6 GHz is used
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