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1 Introduction
In RAN1 #94 meeting, the following observation and agreement are approved on coexistence of NB-IoT and NR [1].

Observation

From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and NB-IoT.
Note that similar observation will be made for eMTC

Agreement

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

In this contribution, we discuss the potential performance issue and performance improvement of coexistence between NB-IoT and NR.

2 Performance improvement of NB-IoT coexistence with NR

The bandwidth of NB-IoT is only one PRB.  For in-band coexistence of NR and NB-IoT, if only one anchor NB-IoT carrier is deployed, dedicated frequency region for NB-IoT is much easier than coexistence case of NR and LTE-MTC. The frequency region of NR can be non-overlapping with the frequency region of anchor NB-IoT by utilizing resource reservation scheme. However, the scheduling complexity of NR would be significantly increased if the number of deployed non-anchor NB-IoT carriers is increased. If multiple non-anchor NB-IoT carriers are deployed, the coexistence impact would be minimized if they can be deployed in adjacent PRBs. 
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Figure 1: Coexistence of multiple NB-IoT carriers with NR

Observation 1: For coexistence of NB-IoT with NR, if multiple non-anchor NB-IoT carriers are deployed, the coexistence impact would be minimized if they can be deployed in adjacent PRBs. 

Proposal 1: To improve the coexistence performance of NB-IoT with NR, non-overlapping frequency regions are deployed for anchor NB-IoT and NR.

Proposal 2: To improve the coexistence performance of NB-IoT with NR, if multiple non-anchor NB-IoT carriers are supported, multiple non-anchor carriers are deployed in adjacent PRBs.

For NB-IoT coexistence with NR, when multiple non-anchor carriers are deployed, URLLC and NB-IoT UEs may share the same frequency region. Due to the low latency requirement of URLLC service, URLLC may occupy the resources of NB-IoT UEs. If the number of URLLC UEs allocated in a given frequency region is large, performance of NB-IoT transmission may be degraded since the allocated NB-IoT resources are punctured by URLLC services. Considering that NB-IoT services are latency insensitive, symbol level resource reservation, subframe level resource reservation or subcarrier level resource reservation in NB-IoT can be considered.

If non-anchor NB-IoT carriers and NR share the same frequency region, the interference from neighboring NR should be considered. For example, NB-IoT transmission may be disturbed by SS block from neighboring cells. Dynamic resource reservation can be considered to avoid interference from neighboring cells.
Proposal 3: To improve the coexistence performance of NB-IoT with NR, resource reservation in NB-IoT can be considered.

· FFS symbol level, subframe level or subcarrier level resource reservation

· FFS dynamic resource reservation
For coexistence of NB-IoT with NR, multi-antenna transmission of NR system may have impacts on NB-IoT transmission. Further study is needed on the potential impacts.

3 Conclusions

In this contribution, we have discussed the performance improvement for coexistence NB-IoT with NR. We make the following observations and proposals:
Observation 1: For coexistence of NB-IoT with NR, if multiple non-anchor NB-IoT carriers are deployed, the coexistence impact would be minimized if they can be deployed in adjacent PRBs. 

Proposal 1: To improve the coexistence performance of NB-IoT with NR, non-overlapping frequency regions are deployed for anchor NB-IoT and NR.

Proposal 2: To improve the coexistence performance of NB-IoT with NR, if multiple non-anchor NB-IoT carriers are supported, multiple non-anchor carriers are deployed in adjacent PRBs.

Proposal 3: To improve the coexistence performance of NB-IoT with NR, resource reservation in NB-IoT can be considered.

· FFS symbol level, subframe level or subcarrier level resource reservation

· FFS dynamic resource reservation
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