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Introduction
At RAN1#86, it was agreed not to introduce an explicit DC subcarrier, neither for DL nor for UL [1]. In LTE an explicit DC subcarrier is used in DL to combat carrier feed-through in direct conversion receivers. In the UL LTE applies a 7.5 kHz frequency shift to mitigate low signal quality on the DC subcarrier. At RAN1#86 no discussion took place whether or whether not NR should apply a half-subcarrier shift in UL.
Discussion
LTE applies DFTS-OFDM in UL. In LTE UL subcarriers are shifted by 7.5 kHz relative to the center frequency to mitigate the low signal quality of the DC subcarrier. This technique has been introduced since it reduces the DC problem in DFTS-OFDM while at the same time maintains low cubic metric of DFTS-OFDM waveform (other techniques such as a dedicated DC subcarrier would increase cubic metric). 
In DFTS-OFDM (already without subcarrier shifting) the low signal quality of the DC subcarriers is distributed over the data carrying symbols (due to the DFT precoding). In [2] was shown that for DFTS-OFDM a half-subcarrier shift improves FER performance without cubic metric increase.
For OFDM the low signal quality of the DC subcarrier effects mainly the information carried on the DC subcarrier but not information carried on other subcarriers. Introducing a half-subcarrier shift would smear out the interference to multiple subcarriers; instead of one really bad subcarrier the receiver would have to handle multiple moderately bad subcarriers. The companion contribution [3] argues the DL receiver can mitigate the low signal quality of the DC subcarrier implementation-specific; e.g. by considering the DC subcarrier muted. If the interference is spread out over multiple subcarriers mitigation becomes more complicated. Without half-subcarrier shift the eNB receiver can handle DC subcarriers in a similar as they are handled in the DL; with half-subcarrier shift and interference correspondingly spread out the reception would be more complicated. No half-subcarrier shift should therefore be applied in NR UL.
Proposal: No half-subcarrier shift is applied in NR UL.
Another complication with a half-subcarrier shift would be frequency-multiplexed mixed numerologies: Each UE (assuming a UE transmits with a single subcarrier spacing) would shift its transmit signal by half of its own subcarrier spacing. With shifting, subcarriers of different numerologies would never have a common subcarrier grid, which would violate the agreement from RAN1#86, “For subcarrier spacing of 2n * 15kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a nested manner in the frequency domain”. Without shifting, the agreement from RAN1#86 would hold and every n-th narrow subcarrier coincides with a grid point of the wide subcarrier grid (e.g. for 15 and 30 kHz every 2nd 15 kHz subcarrier overlaps a 30 kHz subcarrier). Similarly, with half-subcarrier shifting resource blocks would not line, contrary to the agreement from RAN1#86.
Conclusions
[bookmark: _GoBack]This paper discusses the need for a half-subcarrier shift in UL as in LTE and makes the following proposal:
Proposal: No half-subcarrier shift is applied in NR UL.
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