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Introduction
In the LTE uplink, there is a half-tone shift of sub-carriers. Current agreement is that such a half-tone shift will not be used in the NR uplink. In the case of LTE and NR co-existing on the same carrier frequency, the uplink sub-carriers of the two RATs will therefore be dis-aligned relative to each other, leading to inter-sub-carrier interference.
Alternative solutions
There are different alternatives how to handle this issue
Alternative #1: Do nothing
One alternative is to keep the current agreement, i.e. there is no half-tone shift in the NR uplink. The inter-sub-carrier interference between NR and LTE uplink transmissions on the same carrier can be reduced to an acceptable level be means of the joint scheduler providing sufficient (intra-carrier) guardband between the two RATs. Note that such scheduler-provided guardbands are anyway needed in case of LTE/NR co-existence with NR operating with a non-15-kHz numerology.
Observation: Uplink in-carrier co-existence between LTE and NR can be supported without an NR half-tone shift by means of scheduler-provided guard bands.
Alternative #2: Introduce half-tone shift for NR uplink 
The second alternative is to change the current agreement, i.e. introducing a half-tone shift also for the NR uplink. There are different ways by which this can be done.
· In general use half-tone shift for the NR uplink 
· Have a general possibility to configure a half-tone shift for the NR uplink, as a complement to “normal” non-half-tone-shifted uplink transmission
· Limit uplink half-tone shift (mandatory or complementary) to the 15 kHz numerology
· Limit uplink half-tone shift (mandatory or complementary) to frequency bands for which co-existence with LTE may be relevant.
Although there may be benefits of an NR uplink half-tone shift in terms of co-existence with LTE there are also drawbacks. For example:
· An uplink half-tone shift may s may spread interference from DC over multiple sub-carriers in case of uplink OFDM
· The use of an uplink half-tone shift makes cross-link interference cancellation in case of dynamic TDD more difficult
Thus a general use of uplink half-tone shift is not preferred. At the same time, providing half-tone shift as a complementary feature, which would still have to be supported by all UEs, would have a negative impact on UE complexity. 
Alternative #3: Adjust uplink carrier frequency by 7.5 kHz offset.
A third alternative is to, instead of a half-tone shift, introduce the possibility to shift the entire uplink carrier by 7.5 kHz. This could be seen as a flexible duplex separation with no impact on the RAN1 specifications. Such flexible duplex is, specification wise, already today supported by the specification supporting the configuration of an offset to the uplink carrier frequency. We believe that this is the preferred option, should RAN1 conclude that alternative 1 is not sufficient. 
Proposal: Consider the introduction of a configurable 7.5 kHz uplink carrier offset to align NR and LTE uplink sub-carriers
Summary
Observation: Uplink in-carrier co-existence between LTE and NR can be supported without an NR half-tone by means of scheduler- provided guard bands
[bookmark: _GoBack]Proposal: Consider the introduction of a configurable 7.5 kHz uplink carrier offset to align NR and LTE uplink sub-carriers
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