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1.
Introduction

The revised WID on Additional enhancements for NB-IoT was approved at TSG RAN #83 [1]. One of the objectives of this WI is 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.
Some recommendations on NB-IoT coexistence with NR were provided in [2], one of which is to discuss and decide when the hosting E-UTRA carrier is migrated to NR, whether the remaining original in-band or guard band NB-IoT PRB(s), which are now operating within the NR carrier’s in-band or guard band, shall continue to be treated as in-band or guard band NB-IoT PRB(s), or shall instead be treated as stand-alone NB-IoT carrier(s), for the corresponding BS requirements and tests. This contribution provides our further consideration on this subject.
2.
Discussion

Currently, NB-IoT in-band, guard band and stand-alone operations are defined in TS 36.104 [3] as follows:

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.
Note that for NB-IoT in-band or guard band operation, it is explicitly stated that NB-IoT utilizes the resource block(s) within a E-UTRA carrier or its guard band. When the hosting E-UTRA carrier is migrated to NR, the E-UTRA carrier will become a NR carrier. Hence it is not clear whether the remaining original in-band or guard band NB-IoT PRB(s), which are now operating within the NR carrier’s in-band or guard band, should continue to be treated as in-band or guard band NB-IoT PRB(s), or should instead be treated as stand-alone NB-IoT carrier(s), for the corresponding BS requirements and tests. Note that when the hosting E-UTRA carrier is migrated to NR, the original guard band NB-IoT PRB(s) may be utilizing the resource block(s) within the NR carrier’s in-band instead of its guard band because of the higher NR spectrum utilization.
On one hand, if the remaining original in-band or guard band NB-IoT PRB(s) should continue to be treated as in-band or guard band NB-IoT PRB(s) and RRC signalling is set up for in-band or guard band NB-IoT operation, it is not clear whether this 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. Therefore, it should be clarified, especially from UE perspective, 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. Note that for NB-IoT guard band operation, there is no E-UTRA resource element allocated within the NB-IoT PRB(s). Moreover, the downlink Offset of NB-IoT Channel Number to EARFCN (MDL) specified in TS 36.104 for anchor NB-IoT carriers for NB-IoT guard band operation allows PRB and subcarrier grid alignment between NB-IoT and NR with 15 kHz SCS. Therefore, NB-IoT guard band operation is a promising candidate for NB-IoT PRB(s) placement allocation within an NR channel bandwidth, including the NB-IoT PRB(s) which originally utilizes the resource block(s) within an E-UTRA carrier’s in-band. Hence the backward compatibility of NB-IoT guard band operation should be clarified for both cases where NB-IoT PRB(s) utilize the unused resource block(s) within a NR carrier’s guard band, and where NB-IoT PRB(s) utilize the resource block(s) within a NR carrier’s in-band by NR resource block(s) blanking.
Recommendation 1:

To clarify, especially from UE perspective, 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.
If it is concluded that there is no backward compatibility impact on Rel’13/14/15 NB-IoT UE setting up NB-IoT in-band or guard band operation without a hosting E-UTRA carrier, then the current definitions of NB-IoT in-band and/or guard band operation(s) should be modified to allow such types of operations.

Recommendation 2:

To modify the current definitions of NB-IoT in-band and/or guard band operation(s) to allow setting up NB-IoT in-band or guard band operation without a hosting E-UTRA carrier, if it is concluded that there is no backward compatibility impact on Rel’13/14/15 NB-IoT UE.
On the other hand, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s) when the hosting E-UTRA carrier is migrated to NR, then the current definition of NB-IoT stand-alone operation should be modified to allow such type of operation, as it is explicitly stated in the current definition that NB-IoT utilizes its own spectrum, which would be interpreted to prohibit utilizing the resource block(s) within a NR carrier’s in-band or its guard band.
Recommendation 3:

To modify the current definition of NB-IoT stand-alone operation to allow operation utilizing the resource block(s) within a NR carrier’s in-band or its guard band, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s) when the hosting E-UTRA carrier is migrated to NR.
Furthermore, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s) when the hosting E-UTRA carrier is migrated to NR, then the downlink Offset of NB-IoT Channel Number to EARFCN (MDL) may need to be changed, and hence PRB and subcarrier grid alignment between NB-IoT and NR may be lost, as currently the following notes are stated in TS 36.104 regarding the applicable values of MDL:
NOTE 1:
For NB-IoT, NDL or NUL is different than the value of EARFCN that corresponds to E-UTRA downlink or uplink carrier frequency for in-band and guard band operation.

NOTE 2:
For FDD MDL = -0.5 is not applicable for in-band and guard band operation. For TDD MDL {-0.5,+3.5,-4.5,+7.5,-8.5} is not applicable for in-band and guard band operation.
NOTE 3:
For the carrier including NPSS/NSSS for in-band and guard band operation, MDL is selected from {-2,-1,0,1}.

NOTE 4:
For the carrier including NPSS/NSSS for stand-alone operation, MDL = -0.5.

Note that even though according to the specifications drafting rules in TR 21.801 [4], such notes integrated in the text shall be informative in nature, the allowed values of MDL in the RRC signalling in TS 36.331 [5] do follow the above notes. Therefore, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s), the above notes regarding the applicable values of MDL for stand-alone operation should be modified to allow PRB and subcarrier grid alignment between the NB-IoT carrier including NPSS/NSSS and NR, providing that there is no backward compatibility impact on Rel’13/14/15 NB-IoT UE.
Recommendation 4:

To modify the notes regarding the applicable values of MDL stand-alone operation to allow PRB and subcarrier grid alignment between NB-IoT and NR, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s) when the hosting E-UTRA carrier is migrated to NR, providing that there is no backward compatibility impact on Rel’13/14/15 NB-IoT UE.
Moreover, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s) when the hosting E-UTRA carrier is migrated to NR, then it should be clarified whether the corresponding BS requirements and tests for stand-alone NB-IoT carrier shall apply, e.g. whether 200kHz Foffset shall apply below or above the sub-block edge or the Base Station RF Bandwidth edge for BS operating band unwanted emission requirements and tests [6].

Recommendation 5:

To clarify whether the corresponding BS requirements and tests for stand-alone NB-IoT carrier shall apply, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s) when the hosting E-UTRA carrier is migrated to NR.
3.
Conclusion

This contribution has provided our further consideration on NB-IoT operation within NR channel bandwidth. Our recommendations are summarized as follows:
Recommendation 1:

To clarify, especially from UE perspective, 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.
Recommendation 2:

To modify the current definitions of NB-IoT in-band and/or guard band operation(s) to allow setting up NB-IoT in-band or guard band operation without a hosting E-UTRA carrier, if it is concluded that there is no backward compatibility impact on Rel’13/14/15 NB-IoT UE.
Recommendation 3:

To modify the current definition of NB-IoT stand-alone operation to allow operation utilizing the resource block(s) within a NR carrier’s in-band or its guard band, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s) when the hosting E-UTRA carrier is migrated to NR.
Recommendation 4:

To modify the notes regarding the applicable values of MDL stand-alone operation to allow PRB and subcarrier grid alignment between NB-IoT and NR, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s) when the hosting E-UTRA carrier is migrated to NR, providing that there is no backward compatibility impact on Rel’13/14/15 NB-IoT UE.
Recommendation 5:

To clarify whether the corresponding BS requirements and tests for stand-alone NB-IoT carrier shall apply, if the remaining original in-band or guard band NB-IoT PRB(s) should instead be treated as stand-alone NB-IoT carrier(s) when the hosting E-UTRA carrier is migrated to NR.
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