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Introduction
Due to the lack of half-tone shift in the NR uplink, LTE sub-carriers will be half-tone shifted relative to NR sub-carriers, causing inter-RAT interference in case of FDM between LTE and NR transmissions co-existing within a carrier. 
Based on input to to RAN1 #88, three alternatives were outlined during the following email discussion:
· Alternative 1: Do nothing, i.e. rely on guardband to suppress the inter-RAT interference to an acceptable level
· Alternative 2: Apply a 7.5 kHz shift at baseband for NR, thereby aligning co-existing LTE and NR sub-carriers
· Alternative 3: Apply a 7.5 kHz shift in the NR uplink carrier raster, thereby aligning co-existing LTE and NR sub-carriers. 
In [1] we concluded that whether or not anything beyond alternative 1 is needed depends on the range of SINR that is anticipated for the scenarios that are relevant for LTE/N co-existence. We believe this is still the case and thus it is unclear if anything beyond alternative 1 (i.e. alternative 2 or alternative 3) is needed. However,  in this paper we discuss alternative 2 vs. alternative 3. 
[bookmark: _Ref480811488]Discussion
With a half-tone (=7.5 kHz) shift at base band (alternative 2), the transmitted signal can be expressed as 


where , n is the OFDM symbol index and T is the OFDM symbol time
Likewise, with a carrier-frequency shift  (alternative 3), the transmitted signal can be expressed as 


The difference in waveform between the two alternatives is thus a factor , i.e. a known phase shift.

RAN1 has agreed on the concept of a transmit DC sub-carrier at the UE side. However, it is also agreed that the concept of transmit DC sub-carrier has no impact on RAN1 Rather, the only impact is that the signal quality requirement (e.g. EVM) of a specific sub-carrier (specified, potentially configured) may be relaxed (RAN4 decision). This seems to be equally applicable regardless of if alternative 2 or alternative 3 is adopted. 
Thus there is no fundamental difference between alternative 2 and alternative 3. However, alternative 3 is more straightforward and, assuming alternative 1 is not sufficient, we propose that alternative 3 is adopted.
Proposal: Half-tone shift (if specified) is specified according to alternative 3, i.e. as a 7.5 kHz uplink carrier shift.

We also want to re-iterate our assumption to be confirmed from [1], i.e. half-tone shift, if specified, is a configurable option. 
Proposals: Half-tone shift (if specified) is a configurable option


Summary

Proposals: Half-tone shift (if specified) is a configurable option
Proposal: Half-tone shift (if specified) is specified according to alternative 3, i.e. as a 7.5 kHz uplink carrier shift.
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