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1. Introduction

In RAN#90bis meeting, some initial aspects for coexistence between NR and NB-IoT were discussed, and a WF was approved [1].

- WF on system scenarios
- To clarify the current definition of NB-IoT operation modes when NB-IoT is deployed within NR channel bandwidth, including when spectrum is refarmed from E-UTRA to NR

- whether NB-IoT in-band or guard band operation without a hosting E-UTRA carrier would have backward compatibility impact on Rel’13/14/15 NB-IoT UE, which may expect the presence of a hosting E-UTRA carrier, especially for NB-IoT in-band operation
- FFS


- NB-IoT operating in NR guard band

In this contribution, we provide our view regarding the scenarios for NB-IoT operation with NR and some scenarios of NB-IoT operating involving NR guard band are highlighted.
2. Discussion
2-a. Discussion on scenarios for NB-IoT operation with NR 
Here we list the definition of NB-IoT operation modes in TS 36.104.
NB-IoT In-band operation: NB-IoT is operating in-band when it utilizes the resource block(s) within a normal E-UTRA carrier.
NB-IoT guard band operation: NB-IoT is operating in guard band when it utilizes the unused resource block(s) within a E-UTRA carrier’s guard-band. 

NB-IoT standalone operation: NB-IoT is operating standalone when it utilizes its own spectrum, for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
During last RAN4 meeting, three scenarios for the NB-IoT with NR were first provided in [2]. However, we are afraid that not all the scenarios are covered in [2]. Here we provide our view for the scenarios for the NB-IoT with NR below.
NB-IoT operation within NR in-band: NB-IoT is operating within the transmission configuration bandwidth of a normal NR carrier.
NB-IoT operation involving NR guard-band: NB-IoT is operating within the channel bandwidth of a normal NR carrier but involving NR carrier’s guard-band including partial overlapping. 

NB-IoT standalone operation: NB-IoT is operating standalone when it utilizes its own spectrum.
Due to better spectrum utilization for NR, some guard-band NB-IoT operations will become the scenarios of NB-IoT operation within NR in-band, but still in some case the current guard-band NB-IoT operations will become NB-IoT operation involving NR guard-band, further discussion is provided in the next section.
Proposal 1: Consider the following scenarios for NB-IoT operation with NR:
- NB-IoT operation within NR in-band: NB-IoT is operating within the transmission configuration bandwidth of a normal NR carrier.

- NB-IoT operation involving NR guard-band: NB-IoT is operating within the channel bandwidth of a normal NR carrier but involving NR carrier’s guard-band including partial overlapping. 

- NB-IoT standalone operation: NB-IoT is operating standalone when it utilizes its own spectrum.
2-b. Scenarios of NB-IoT operation involving NR guard band
Some studies proposing not to consider NB-IoT operation in NR guard band were provided in the last RAN4 meeting [3][4]. During offline discussion, we provided our views that we believe some of the guard band NB-IoT scenarios might involve the NR guard band when refarming LTE carrier to NR carrier, and we shall not exclude any possible case. Here we provide some cases regarding the NB-IoT operation related to NR guard band.
- Downlink anchor guard-band NB-IoT operation for 10MHz channel bandwidth
Figure 1 shows the downlink anchor guard-band NB-IoT operation for 10MHz channel bandwidth when refarming LTE carrier to NR. 15kHz SCS and 100kHz channel raster are considered for the NR carrier. In this scenario, the carrier frequency of the guard-band NB-IoT is maintained so that the anchor guard band NB-IoT at the left side will fall into the NR PRB 0, however the anchor guard band NB-IoT at the right side will partially overlap the NR PRB 51 and some part of the NR guard band. We think it is a valid scenario that we can blank the NR PRB 51 and add 15kHz gap between NR PRB 50 and the guard band NB-IoT carrier. 
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Figure 1:  Downlink anchor guard-band NB-IoT operation for 10MHz channel bandwidth
Proposal 2: The following NB-IoT scenario involving NR guard band is supported and considered in the coexistence study.
- Downlink anchor guard-band NB-IoT operation for 10MHz channel bandwidth as in Figure 1. 
- Downlink guard-band NB-IoT operation for 5MHz channel bandwidth
Downlink guard band NB-IoT operation for 5MHz LTE channel bandwidth is supported in the current specification. Based on the studies in the past, it is still possible by shifting the center carrier for 100 kHz. We think we still need to support this 5MHz option in NR since the total PRB number is the same between 5MHz LTE and 5MHz 15kHz SCS NR.
Proposal 3: Downlink guard-band NB-IoT operation for 5MHz NR channel bandwidth can be supported and can be considered in the coexistence study.
- Non-anchor DL NB-IoT carriers on NR guard band
Regarding the non-anchor carriers on NR guard band, we think it is still possible in the future, depends on the radio capability, so we hope this scenario is not precluded, but no need to further study the coexistence issues.
Proposal 4: Non-anchor DL NB-IoT operations on NR guard band are not precluded and are possible to be supported by implementation depending on the radio capability.
3. Conclusion
In this contribution, we provide our view regarding the scenarios for NB-IoT operation with NR and some scenarios of NB-IoT operating involving NR guard band are highlighted.
Proposal 1: Consider the following scenarios for NB-IoT operation with NR:

- NB-IoT operation within NR in-band: NB-IoT is operating within the transmission configuration bandwidth of a normal NR carrier.

- NB-IoT operation involving NR guard-band: NB-IoT is operating within the channel bandwidth of a normal NR carrier but involving NR carrier’s guard-band including partial overlapping. 

- NB-IoT standalone operation: NB-IoT is operating standalone when it utilizes its own spectrum.
Proposal 2: The following NB-IoT scenario involving NR guard band is supported and considered in the coexistence study.

- Downlink anchor guard-band NB-IoT operation for 10MHz channel bandwidth as in Figure 1. 

Proposal 3: Downlink guard-band NB-IoT operation for 5MHz NR channel bandwidth can be supported and can be considered in the coexistence study.
Proposal 4: Non-anchor DL NB-IoT operations on NR guard band are not precluded and are possible to be supported by implementation depending on the radio capability.
We hope that these proposals can be considered when discussing the co-existence of NB-IoT with NR.
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