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[bookmark: _Ref298777854]Introduction
To support simultaneous services with vastly different requirements, e.g. ultra-low latency communications (short symbols and thus wide subcarrier spacing) and MBSFN services (long symbols to enable long cyclic prefix and thus narrow subcarrier spacing), an OFDM based system with different numerologies multiplexed in frequency-domain on the same carrier was discussed and proposed as working assumption from the previous 3GPP TSG RAN WG1 meetings for NR.
In [1], some features of mixed numerology were described and some simulation results were presented.
In this contribution, we describe impact of PA impairment.
Discussion
PA model used
The PA model used in the downlink evaluation is the Rapp PA model with 46 dBm total output power and 57.6 dBm saturation power as described in [2].

Performance evaluations
In our sequel contributions [5] and [6], we evaluate PA impact on performance with setups described in [1], [2] and [7].
We showed in Figure 1 and Figure 3 below two of the calibration cases described in [3], case 2 (downlink mixed numerology 15 kHz with 30 kHz as interferer) and case 1a (downlink single numerology).
In addition to the setup parameters in [3] and [2], the Turbo decoder setup used in the simulations is LogMax scaling factor = 0.75; Number of iterations = 8. The channel estimation is ideal and a perfect phase compensation contributed by the PA model is applied. The 60kHz guard band used for the simulations is described in 5 Appendix below.
We observed that applying the downlink PA impairment model [2] with perfect phase compensation does not give performance impact to these two cases. Thus we also evaluate the PA impact with estimated channel in which the phase error caused by the PA is also included. The channel estimation is based on the LTE DL DMRS allocation and please see [8] for a dedicated discussion on DMRS allocation for NR.
Compared our results with ideal channel (the red and blue curves in Figure 1 and Figure 3) to the averaged results from [4] for the corresponding cases, plotted in Figure 2 and Figure 4 below, we can see that our results are very similar. 
With estimated channel, PA impairment causes about 1 dB performance loss compared to linear PA (=without PA).
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[bookmark: _Ref458517611]Figure 1	Calibration case 2 with and without PA impairment, with ideal channel and PA phase compensation and linear channel estimation
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[bookmark: _Ref458517763]Figure 2	Averaged result from [4]. Calibration case 2 with and without PA impairment
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[bookmark: _Ref458517669]Figure 3	Calibration case 1a with and without PA impairment, with ideal channel and PA phase compensation and linear channel estimation.
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[bookmark: _Ref458517765]Figure 4	Averaged result from [4]. Calibration case 1a with and without PA impairment

 
Observations and discussion
The Rapp PA model with 46 dBm total output power and 57.6 dBm saturation power as described in [2] with parameter setup according to [3] showed little performance impact to the BLER performances of the cases evaluated compared to an ideal linear PA (i.e. without PA model), with ideal channel and perfect phase compensation.
With estimated channel based on LTE DL DMRS, PA impairment causes up to 1 dB performance loss compared to linear PA (=without PA).
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The guard band of 60 kHz is used for the calibration of mixed numerologies case 2 according to [3] though this is not a practical way to creating guard band between two numerologies as we described in [7]. The 60 kHz guard band between two numerologies in our simulations is defined as shown in Figure 5.
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[bookmark: _Ref457982036]Figure 5	The 60 kHz guard band between two numerologies in our simulations
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