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1 Introduction
RAN1 sent an LS to RAN4 to inform the agreements for UL sub-carrier alignment in [1] in Qingdao meeting. 

	Agreements:
· In NR, support configuration between the following for paired spectrum (support of scheme 2 below is conditioned on the assumption that 100kHz is adopted as a supported UL channel raster in NR to support LTE/NR co-existence with LTE FDD)
· Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL

· Scheme 2: allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster


Since in the WF on RF channel raster [2], it is already agreed 
· Channel raster for LTE re-farming bands up to 2.4GHz (frequency range below Band 41) is based on 100kHz(same as LTE)
Since the UL sharing band is always the LTE re-farming band below 2.4GHz, the condition on support of above scheme 2 can be always met.
In this contribution, UL sub-carrier alignment issue is discussed from RAN4 point of view based on the discussion on the concept of channel raster in [2].
2 Discussion

As discussed in [2], where should be the carrier frequency for NR among all sub-carriers has not been decided yet and the raster/carrier frequency meaning for NR may not be aligned with LTE any more. Therefore, it is unclear what “raster shift” means in RAN1 agreement. 
Carrier frequency is located over one sub-carrier for LTE DL and between two sub-carriers for LTE UL. So two options as below are straightforward ways for NR and both of them can allow sub-carrier alignment between NR UL (15 kHz) and LTE UL:

Option 1: Carrier frequency is over one sub-carrier as the black dash line in Figure 1;
Option 2: Carrier frequency is between two sub-carriers as the black solid line in Figure 1.
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Figure 1 Carrier frequency for NR
Since it is not yet clarified which option is adopted for NR carrier frequency, in below section, we discuss both above two options.
For option 1, if assuming direct up-conversion UE architecture, the DC leakage is also 7.5k shift with LTE [3]. It means there is different LO between LTE and NR. This multiple DC leakage frequencies would degrade the BS receiver performance compared with single DC leakage frequency. Therefore, it is not preferred regarding NR-LTE co-existence. If the carrier frequency is 7.5kHz shift with LTE, it is proposed the same DC leakage with LTE for UL sharing band which means the 7.5kHz shift is done in baseband rather than RF LO.
For option 2, carrier frequency and DC leakage is the same as LTE, there will be no issue for this option.
Proposal 1: Option 2 is preferred for sub-carrier alignment between NR UL (15 kHz) and LTE UL.

Proposal 2: For option 1 with the carrier frequency of 7.5kHz shift with LTE, the same DC leakage with LTE for UL sharing band should be adopted which means the 7.5kHz shift is done in baseband rather than RF LO.

3 Conclusion
This contribution discusses the sub-carrier alignment issue for UL sharing and make following proposal:

Proposal 1: Option 2 is preferred for sub-carrier alignment between NR UL (15 kHz) and LTE UL.

Proposal 2: For option 1 with the carrier frequency of 7.5kHz shift with LTE, the same DC leakage with LTE for UL sharing band should be adopted which means the 7.5kHz shift is done in baseband rather than RF LO.
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Option 2: NR UL carrier frequency = LTE UL carrier frequency








LTE/NR sub-carrier align (over 100kHz raster/even RBs)








Option 1: NR UL carrier frequency = LTE UL carrier frequency +/- 7.5k





LTE UL carrier frequency (over 100kHz raster)
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