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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 the RAN1 #94 meeting, following observation and agreement on coexistence of NB-IoT with NR were made [2]:

	Observation

From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and NB-IoT

Agreement
RAN1 studies additional specification enhancement for improving the performance of coexistence of NB-IoT with NR.


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 [3], when NB-IoT coexists with NR in a standalone operation mode, ± 7.5 kHz misalignment in subcarrier grids between NB-IoT and NR is occurred. However, in order to align the subcarrier grid between NB-IoT and NR, the following procedure can be considered.
Assume that the eNB (or gNB) deploys the standalone mode NB-IoT anchor carrier coexisted with NR system. At this point, eNB intentionally shifts the center frequency of NB-IoT anchor carrier by + 7.5 kHz or - 7.5 kHz to align the subcarrier gird between NB-IoT and NR. Then, the eNB broadcasts to UEs via MIB that the operation mode is guard-band mode and the carrier frequency offset of anchor carrier is + 7.5 kHz or - 7.5 kHz. In fact, since eNB does not deploy the NB-IoT carrier in the LTE guard band, and there is no LTE band though, it is not a guard band mode operation, but eNB can intentionally indicate it is a guard band mode operation.
On the UE side, there is no change as their legacy operation. The UE may detect and decode the NPSS/NSSS/NPBCH of that anchor carrier, and the UE becomes aware that operation mode of the anchor carrier is guard-band mode and the carrier frequency offset of anchor carrier is + 7.5 kHz or - 7.5 kHz.

Moreover, if non-anchor carriers are needed, and even if some non-anchor carriers are placed consecutively next to the anchor carrier above, it is expected that there will be no loss in terms of resource utilization.

The above statements can be tentative solutions in RAN1 perspective. Still, it may need to be confirmed by RAN4 if there exists no problem in RAN4 perspective either.
Proposal 1: In a scenario where NB-IoT and NR coexist in a same carrier, the following procedure can be a potential solution in RAN1 perspective, which may need to be confirmed by RAN4 as well.
(1) Assume that the eNB deploys the standalone mode NB-IoT anchor carrier coexisted with NR system.
(2) Since the subcarrier gird misalignment is occur between standalone mode NB-IoT and NR, the eNB intentionally shifts the center frequency of NB-IoT anchor carrier by + 7.5 kHz or - 7.5 kHz, and the eNB intentionally broadcasts to UEs via MIB that the operation mode is guard-band mode and the carrier frequency offset of anchor carrier is + 7.5 kHz or - 7.5 kHz.

(3) If non-anchor carriers are needed, eNB may deploy non-anchor carriers consecutively next to the anchor carrier above. 
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 1: The PRB grids misalignment between NB-IoT and NR may cause inefficient in NR resource utilization aspects.

While RAN4 may also study the coexistence between NB-IoT and NR [4], RAN1 may also need to discuss the potential issues within the RAN1 scope, where, for example, PRB allocation in NB-IoT and/or NR is within RAN1 scope. Also, 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.
Proposal 1: In a scenario where NB-IoT and NR coexist in a same carrier, the following procedure can be a potential solution in RAN1 perspective, which may need to be confirmed by RAN4 as well.
(1) Assume that the eNB deploys the standalone mode NB-IoT anchor carrier coexisted with NR system.
(2) Since the subcarrier gird misalignment is occur between standalone mode NB-IoT and NR, the eNB intentionally shifts the center frequency of NB-IoT anchor carrier by + 7.5 kHz or - 7.5 kHz, and the eNB intentionally broadcasts to UEs via MIB that the operation mode is guard-band mode and the carrier frequency offset of anchor carrier is + 7.5 kHz or - 7.5 kHz.

(3) If non-anchor carriers are needed, eNB may deploy non-anchor carriers consecutively next to the anchor carrier above. 

Observation 1: The PRB grids misalignment between NB-IoT and NR may cause inefficient in NR resource utilization aspects.
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