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1 Introduction
The Rel-16 NB-IoT WI [1] has been revised to add the main areas to be investigated when it comes to NB-IoT and NR coexistence.

During last RAN4 meeting, a Way Forward ([2]) has been agreed to capture some further agreements, especially related to in-band and guard band operation mode, but exact definition of those modes still need to be clarified. 

This contribution is addressing these specific topics.
2 Discussion 
2.1 Background

Following definitions of NB-IoT operating modes have been defined in Release 13 (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.
As agreed in the Way Forward [2] (extract captured in Figure 1) , when operating with NR, those definitions would need to be updated not only considering E-UTRA but also NR.
Moreover, as discussed in [3] and in the Way Forward  [2], in some cases, to cover re-farming deployments from E-UTRA to NR, even if a NB-IoT carrier is operating (partly) in NR guard band, it should still be considered as operating in in-band (see in red in Figure 1). 
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Considering legacy deployments, even if one NB-IoT 15 kHz sub-carrier would operate in NR guard band, still consider
this case as NB-loT operation in NR in-band.

NB-loT operating in NR guard band is handled as implementation issue and RF requirements are not specified in Rel-
15 (nor in Rel-16 unless new Rel-16 features make this essential).

— Define in-band, guard band and standalone operation with NR.




Figure 1: Agreements on NB-IoT operating mode (R4-1907809)
Based on those agreements and discussion, following updated definitions are proposed to consider NR as well:
NB-IoT In-band operation: NB-IoT is operating in-band when it utilizes the resource block(s) within a normal E-UTRA carrier, the resource block(s) within a normal NR carrier or the first unused subcarrier within the NR carrier’s guard band (and not within the minimum guard band GBChannel).
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 or within a NR carrier’s minimum guard band (GBChannel).

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.
It should be noted those definitions should be considered in RAN4 context, from a spectrum utilization point of view and do not preclude RAN1 to have another approach and another set of definitions for in-band, guard band and standalone operations, as this was already the case in Rel-13.
3 Conclusion
In this contribution, we proposed an updated definition of the NB-IoT operating modes when deployed with NR and made following TP to TR.
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6.1.1
NB-IoT operation modes
When considering NB-IoT operations with NR, the Release 13 definitions of NB-IoT operating modes shall be updated to not only consider E-UTRA carrier, but also NR carrier.
Moreover, when re-farming E-UTRA to NR and due to the presence of a DC component with E-UTRA, there might be situation where NB-IoT would operate partly in NR in-band and partly (one sub-carrier) in NR guard band, as shown in figure 6.1.1-1. Nevertheless, such NB-IoT PRB won’t overlap the NR minimum guard band (GBChannel) as specified in TS 38,104. To simplify management of such deployment, this situation will still be considered as a NB-IoT in-band operation with NR.
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Figure 6.1.1-1: 10 MHz LTE with NB-IoT guard band re-farmed to NR
Release 13 definitions of NB-IoT operating modes shall then be updated according to the following:
NB-IoT In-band operation: NB-IoT is operating in-band when it utilizes the resource block(s) within a normal E-UTRA carrier, the resource block(s) within a normal NR carrier or the first unused subcarrier within the NR carrier’s guard band (and not within the minimum guard band GBChannel).
NB-IoT guard band operation: NB-IoT is operating in guard band when it utilizes the unused resource block(s) within an E-UTRA carrier’s guard-band or within a NR carrier’s minimum guard band (GBChannel).
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.
<End of text proposal>

