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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 later outlined during 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. 
Discussion
Is alternative 1 sufficient?
A key question regarding alternative 1 is what guardbands are needed to suppress the inter-RAT to an acceptable level and what such an acceptable level is.
The interference between two half-tone shifted OFDM signals with a certain guardband in between can easily be calculated, see Figure 1
· The SIR is the SIR of the sub-carrier of the interfered signal closest to the interfering signal
· The two signals are assumed to arrive at the receiver with the same per-sub-carrier power
· The interfering signal is assumed to consist of 20 resource blocks.

Figure 1
As can be seen, 
· A guard band of one resource block enables an SIR of more than 20 dB
· Additional guardbands provide relatively small (a few dB) additional gains. 
From this one can draw the following conclusions
· In case of low/medium target SINR (up to at least 15 dB), alternative #1 provides sufficient performance, assuming that the NR and LTE signals can be power controlled to roughly the same per-sub-carrier received power.
· In case of significantly higher target SINR (for example 25 dB and above), alternative #1 would require very large guardbands and is probably not a realistic alternative.
Conclusion: Better understanding of the co-existence scenario, including what SINR is targeted, is needed in order understand of alternative 1 is sufficient. 
Alternative 2 and 3
Regarding alternative 2 and 3 there are still some open issues:
· There seems to be a common view that the possibility for NR half-tone shift (according to alt 2 or 3) should only apply to certain frequency bands, namely those frequency bands where co-existence with LTE is relevant/important. The question is if, in those frequency bands, half-tone shift would always be used or it if should be a configurable option.  Our assumption is that it should be a configurable option
· LTE relies on DFTS-OFDM for uplink transmission. NR allows for DFTS-OFDM and plain (non-DFT-spread) OFDM for uplink transmission. The question is if half-tone-sift (according to alternative 2 or 3) would only apply in the case of DFTS-OFDM or in general. Our assumption is that half-tone-shift, if configured, should apply to all uplink transmissions. 
Assumptions to be confirmed: 
· If adopted, half-tone-shift (according to alternative 2 or 3) should be a configurable option
· If adopted and configured, NR half-tone-shift (according to alternative 2 or 3) should apply to all uplink transmissions. 
Summary
Conclusion: Better understanding of the co-existence scenario, including what SINR is targeted, is needed in order understand of alternative 1 is sufficient or one of alternative 2 or alternative 3 should be adopted
Assumptions to be confirmed: 
· If adopted, half-tone-shift (according to alternative 2 or 3) should be a configurable option
· If adopted and configured, NR half-tone-shift (according to alternative 2 or 3) should apply to all uplink transmissions. 
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