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Introduction
In RAN#82, a WI on Additional enhancement for NB-IoT was approved [1]. The WID contain many objectives including enhancements of DL/UL transmission efficiency, scheduling, multi-carrier and mobility. In addition to mentioned improvements, the WID contain an objective around “Co-existence with NR”.
In this paper, the NB-IoT coexistence with NR item is further elaborated and some proposal on work priorities and scope is further discussed.
[bookmark: _Ref178064866]Discussion
In [1], the objection in relation to NR co-existence is expressed as following:
[bookmark: _Hlk516692042]Coexistence with NR
· [bookmark: _Hlk516784255]Study NR and LTE specifications to identify possible issues related to coexistence of FDD/TDD NB-IoT with NR [RAN4, RAN1, RAN2]

In previous RAN4, discussion around scope and studies introducing NB-IoT into NR was conducted as RAN4 was tasked by RAN to propose a scope for NB-IoT and NR co-existence. The discussion in RAN4 resulted in a LS to RAN on possible scope [2] as following:
· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following:
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· [bookmark: _Hlk522858168]Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR
· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR
· Synchronization issue between NR and NB-IoT, including timing advance

The discussion in this paper is thus based on the study areas proposed in the LS.
Considering the bands already specified for NR in Rel 15 which are a sub-set of all bands specified in 3GPP, the studies should be more generic and band-agnostic to not preclude other future bands either for NR or NB-IoT which also is supported in limited number of bands at this stage.
Proposal 1: As NR and NB-IoT in Rel-15 are specified for a sub-set of 3GPP bands, RAN4 studies should cater for future introduction of NR and NB-IoT in remaining of 3GPP bands when possible.
In addition, as NB-IoT has several modes of operation i.e. “stand-alone”, “in-band” and “in-guard” we believe that the focus of the studies should be around “in-band” and possibly “in-guard”. NB-IoT stand-alone is already standardized and any multi-standard operations with NR involved is already handled in MSR specifications with new capability sets added to introduce NR. 
Proposal 2: NB-IoT stand-alone and NR co-existence is already captured and supported in MSR specification and requires no further study.
NR can be configured with SSB supporting 15 kHz or 30 kHz SCS and for some bands both 15 kHz and 30 kHz SCS. NR channel raster is different compared to LTE where for some migration bands, the 100 kHz raster is applied while for some other NR bands, SCS based channel raster is applicable. It is thus essential to ensure proper investigation on PRB and sub-carrier grid alignment between NB-IoT and NR. Many bands are supporting 15 kHz SCS SSB and 100 kHz channel raster. In [3], a more elaborated discussion around NB-IoT and NR in 15 kHz SCS and 100 kHz channel raster is given. PRB alignment aspects for bands supporting 30 kHz SCS SSB and SCS based channel raster should also be further discussed.
Proposal 3: initially investigate the PRB and sub-carrier grid alignment for band for NR 15 kHz SCS and 100 kHz channel raster.
For FR1 bands supporting 30 and 60 kHz SCS, the in-band operation of NB-IoT would result in loss of orthogonality. Similar to RAN4 discussions around support of multiple numerologies with NR carriers in an FDM manner, and as the conclusion from long discussion was not to include any RF requirements rather, this should be handled as an implementation flexibility, there is no need to conduct additional studies in RAN4 and no RF requirements would be needed for these particular scenarios.
In addition, no specific co-existence study given that the PRB alignment and raster is resolved would be needed for in-band operation of NB-IoT with NR with 15 kHz SCS as the results from NB-IoT in-band with LTE would also be applicable on NR.
Proposal 4: The in-band operation of NB-IoT and NR (15 kHz SCS and 100 kHz channel raster) is highly similar to NB-IoT in-band operation in LTE. For NR band supporting SCS of 30 and 60 kHz should be handled as implementation flexibility and no co-existence study would be needed. 
Considering the very long and complex discussion around NR spectrum utilization and the fact that NB-IoT is deployed at 6 dB higher power spectral density, for many supported SCS and bandwidths where NR has higher spectrum utilization and reduced guard compared to LTE, the NB-IoT in-guard operation may pose a severe backward compatibility issues and should be avoided.
In addition, NB-IoT is already deployed in many cases as in LTE in-band or in guard band. From a migration perspective, operators might want to preserve frequency allocation for NB-IoT when migrating to NR as much as possible.  
Thus, there are some limited combinations (lower bandwidths and higher SCS e.g. 10 MHz carrier bandwidth and 30 kHz SCS) where NR has lower spectrum utilization than LTE. For these combinations NB-IoT could possibly be deployed as NR in-guard as long as this would not exceed the LTE spectrum utilization. Figure 1 is a visualization of the discussion above.
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 Figure 1	Some possible scenarios
Thus, the important aspect to consider when introducing NB-IoT in NR is to cater for some existing deployment but also ensure that the spectrum utilization is kept to the highest of either NR or NB-IoT+LTE (in-band or in-guard). In addition, the 6 dB power boosting of NB-IoT need to be weighted and studied. As an alternative if cases where smaller bandwidths and higher SCS is perceived as corner/non-realistic cases, support for such cases should be excluded in the specifications
Proposal 5: RAN4 to consider existing NB-IoT + LTE scenarios and cater for migration to NR with very limited or no impact on installed NB-IoT.
In addition, for unpaired bands, there is a need to synchronize the TDD configuration between NB-IoT and NR and in practice between LTE, NR and NB-IoT where possible limitations on UL/DL configurations may exist. This is an issue addressed in RAN4 in relation to test models for NR, NB-IoT and MSR.
Conclusion
In this paper, a brief overview of the NR and NB-IoT co-existence within the WI of “Additional enhancement for NB-IoT” was discussed. Given the previous conclusions in RAN4 on the scope of such study, we made following proposals on the scope to be addressed to complete this WI. 
Proposal 1: As NR and NB-IoT in Rel-15 are specified for a sub-set of 3GPP bands, RAN4 studies should cater for future introduction of NR and NB-IoT in remaining of 3GPP bands when possible.
Proposal 2: NB-IoT stand-alone and NR co-existence is already captured and supported in MSR specification and requires no further studies.
Proposal 3: initially investigate the PRB and sub-carrier grid alignment for band for NR 15 kHz SCS and 100 kHz channel raster.
Proposal 4: The in-band operation of NB-IoT and NR (15 kHz SCS and 100 kHz channel raster) is highly similar to NB-IoT in-band operation in LTE. For NR band supporting SCS of 30 and 60 kHz should be handled as implementation flexibility and no co-existence study would be needed. 
Proposal 5: RAN4 to consider existing NB-IoT + LTE scenarios and cater for migration to NR with very limited or no impact on installed NB-IoT.
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