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1. Introduction

In the RAN #80 meeting, Rel-16 enhancements for NB-IoT was approved as a work item. According to [1], coexistence with NR should be considered in Rel-16 enhancements for NB-IoT as follows
Coexistence with NR:

· Study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR [RAN4, RAN1, RAN2]
In this contribution, we discuss the possible issues related to coexistence of NB-IoT with NR in Rel-16 enhancement for NB-IoT.
2. Discussion
2.1. Subcarrier grid alignment
According to [2], the frequency position of channel raster of NR is on the 1st or 7th subcarrier of a PRB depending on whether the total number of PRBs is even or odd. Meanwhile, the downlink frequency position of channel raster of NB-IoT system depends on the operation modes.

For in-band mode or guard band mode operation:
( Because the NB-IoT systems for in-band mode operation or guard band mode operation are run with the legacy LTE system, the frequency position of channel raster is on the DC subcarrier. If the NR system uses the numerology of 15 kHz subcarrier spacing for coexistence with NB-IoT, the subcarrier grid between NB-IoT and NR will always be aligned. 
For standalone mode operation:
( The frequency position of channel raster for standalone mode operation is on between #5 subcarrier and #6 subcarrier as shown in figure 1. Even though NR system may use the numerology of 15 kHz subcarrier spacing for coexistence between NB-IoT and NR, the subcarrier grid between NB-IoT and NR will be shifted by + 7.5 kHz or - 7.5 kHz.
To be specific, figure 1 shows the misalignment of subcarrier grid between NB-IoT standalone mode and NR. In this figure, we assume that both NB-IoT and NR system have the same center frequency as F kHz (e.g., F = 2000 kHz). As we mentioned above, because the frequency position of channel raster for standalone mode operation is on between subcarriers, the subcarrier grid misalignment between NB-IoT and NR occurs. In addition, the uplink frequency position of channel raster for all operation mode is on between subcarriers as well. This subcarrier grid misalignment may be a problem for the signaling processing of the base station side. If this issue should be handled for better coexistence between NR and NB-IoT, ( 7.5 kHz frequency offset for NR carrier or NB-IoT carrier may be introduced by configuration or a fixed manner.
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Figure 1. Example of subcarrier grid between NB-IoT and NR

Observation 1: When NB-IoT coexists with NR in a standalone operation mode, ( 7.5 kHz misalignment in subcarrier grids between NB-IoT and NR may increase eNB’s complexity in terms of generation/reception of the combined signals of NB-IoT and NR.
2.2. PRB grid alignment
Furthermore, the PRB grid alignment between NB-IoT and NR could be also considered. Basically, even though the PRB grid between NB-IoT and NR may not be aligned, gNB can support NR UE by using PRB-level rate matching scheme. But, if the PRB grid is not aligned, the PRB-level rate matching scheme brings the performance loss of NR system since more than one PRB should be rate matched to avoid NB-IoT PRB. Therefore, more efficient rate matching schemes could be considered in NR system. For example, sub-PRB level rate matching in NR can be considered for coexistence between NB-IoT and NR. 
Observation 2: The PRB grids misalignment between NB-IoT and NR may cause inefficient in NR resource utilization aspects.

According to discussions in section 2.1 and 2.2, we suggest the followings. 

Proposal 1: At least the following issues should be discussed for coexistence between NB-IoT and NR. 
· Subcarrier grids misalignment between NB-IoT and NR
· PRB grids misalignment between NB-IoT and NR
In addition, if any issues are identified regarding the coexistence of NB-IoT with NR and considered NB-IoT specific, then we prefer to discuss the topic under NB-IoT agenda first (not under general LTE/NR coexistence agenda) since experts on NB-IoT are mainly taking part in this agenda.
3. Conclusion
In this contribution, we discuss the possible issues related to coexistence of NB-IoT with NR in Rel-16 enhancement for NB-IoT. The observations are summarized as follows.
Observation 1: When NB-IoT coexists with NR in a standalone operation mode, ( 7.5 kHz misalignment in subcarrier grids between NB-IoT and NR may increase eNB’s complexity in terms of generation/reception of the combined signals of NB-IoT and NR.

Observation 2: The PRB grids misalignment between NB-IoT and NR may cause inefficient in NR resource utilization aspects.
Proposal 1: At least the following issues should be discussed for coexistence between NB-IoT and NR. 

· Subcarrier grids misalignment between NB-IoT and NR
· PRB grids misalignment between NB-IoT and NR.
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