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1 Introduction
In RAN1 #94 meeting, the following observation and agreement were 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.

Note that similar agreement will be made for eMTC.


In RAN1 #94bis meeting, the following agreement was approved on coexistence of NB-IoT and NR [2].

	Agreement

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

The following aspects are studied to improve the performance of coexistence of NB-IoT with NR

· Resource reservation in NB-IoT

· Overlap of NR SSB with NB-IoT


In RAN1 #95 meeting, the following agreements were approved on coexistence of NB-IoT and NR [3].

	Agreement

RAN1 continues to study the following techniques for performance improvements of NB-IoT resource allocation until the next meeting:

· Resource reservation at symbol level/slot level/subframe level/subcarrier level

· Whether the resource reservation for NB-IoT is dynamic or semi-static (if supported)

· Whether and how to support NB-IoT transmission in a portion of the subframe

· Impact of resource reservation to legacy UEs

· Whether NB-IoT transmission is postponed or dropped in reserved resources

· Whether resource reservation is used for anchor/non-anchors

Conclusion

Overlap of NR SSB with NB-IoT anchor carrier can be avoided.


In RAN1 #96 meeting, the following agreements were approved on coexistence of NB-IoT and NR [4].

	Conclusion

From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and FDD/TDD NB-IoT.
For further study in future meeting (including):

· NB-IoT resource reservation on non-anchor carrier to improve the performance of coexistence of FDD/TDD NB-IoT with NR 

· Subframe-level resource reservation in NB-IoT

· Symbol-level resource reservation in NB-IoT

· Slot-level resource reservation in NB-IoT

· NB-IoT transmission is dropped/postponed in reserved resources.


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

2 Performance improvement of NB-IoT coexistence with NR

2.1 Deployment of anchor and non-anchor NB-IoT carriers
The bandwidth of NB-IoT is only one PRB. For in-band coexistence of NB-IoT with NR, if only one anchor NB-IoT carrier is deployed, dedicated frequency region for NB-IoT is much easier than coexistence case of LTE-MTC with NR. Non-overlapping dedicated frequency region can be reserved for anchor NB-IoT by utilizing resource reservation scheme in NR. 
Proposal 1: For coexistence of NB-IoT with NR, to reduce the negative impact on anchor NB-IoT, non-overlapping dedicated frequency region is reserved for anchor NB-IoT.

However, with the increase of the number of deployed non-anchor NB-IoT carriers, it may be impossible to reserve dedicated frequency region for non-anchor NB-IoT carriers. To avoid collision of NB-IoT and NR, the scheduling complexity would be significantly increased. If multiple non-anchor NB-IoT carriers are deployed, as shown in Figure 1, 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

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

2.2 Resource reservation in NB-IoT
Subframe-level resource reservation in NB-IoT can be realized by existing invalid subframe indication scheme, i.e., bitmap. 

For in-band coexistence of NB-IoT with NR, if the NR bandwidth is 5 MHz and multiple non-anchor NB-IoT carriers are deployed, overlap of NR SSB with NB-IoT non-anchor carriers may be unavoidable. NR SSB occupies 4 symbols in time domain, symbol level resource reservation in non-anchor NB-IoT carriers can be considered to minimize the overlapping impacts. Symbol level resource reservation is semi-statically configured according to the NR SSB duration. 
For legacy NB-IoT UEs, the subframes overlapped with NR SSB can be marked as NB-IoT invalid subframe. However, NB-IoT resource efficiency would be reduced. 
The smallest transmission unit in NB-IoT is subframe-level. For non-anchor NB-IoT carrier, if NB-IoT transmission is postponed in symbol-level reserved resource, the postponed transmission may collide with legacy NB-IoT transmissions. Considering the reserved symbols only occupy a small part of the NB-IoT subframe, it is feasible to drop the NB-IoT DL transmission in reserved symbols. For Rel-16 NB-IoT UEs, the NB-IoT transmission can be scheduled in portion of subframe even the subframe is indicated as invalid subframe. Additional signalling is needed to inform the symbol bitmap reserved for NB-IoT transmission in an invalid subframe.

For TDD, for the case that NR SSB may overlap with NB-IoT non-anchor carriers, SIB1-NB transmission on non-anchor carrier should be avoided. 

Proposal 3: To improve the coexistence performance of NB-IoT with NR, symbol level resource reservation in non-anchor NB-IoT carriers can be considered to avoid the overlap of NR SSB and NB-IoT transmission in the serving cell.

· Symbol level resource reservation is semi-statically configured.
2.3 Collision handling

For coexistence of NB-IoT with NR, when multiple non-anchor carriers are deployed, URLLC and NB-IoT UEs may share the same frequency region. Due to NB-IoT repetitions, the current NB-IoT transmission may last long time and may be scheduled relatively long time ago. Since the resources have already been allocated to NB-IoT transmission with long repetitions, in this case, dynamic resource reservation cannot meet the low latency requirement for URLLC service. Preconfigured resource reservation in NB-IoT can reduce the interference to reference signals in NR and reduce the performance degradation of NB-IoT transmission caused by collision with URLLC service. However, the semi-statically configured resource reservation may be wasted if there has no urgent URLLC service. To meet the low latency requirement, URLLC would occupy the resources of NB-IoT transmission. 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. 

For downlink, besides the resources punctured by URLLC services, the allocated NB-IoT resources may be interfered by SSB from neighboring NR cells. If the NB-IoT UE does not know that partial resources are punctured by URLLC service,   the NB-IoT UEs may regard URLLC data or interference as useful NB-IoT transmission which is harmful for NB-IoT decoding. In Rel-15 NR system, interrupted transmission indication can be used to signal to the UEs that the allocated resources may be punctured by other downlink transmission due to collision. Interrupted transmission indication is helpful for UE’s data decoding. As shown in Figure 2, dynamic indication in DCI can be considered to signal the puncturing information or interference information about the previous NB-IoT transmission. The NB-IoT UE would handle the destroyed NB-IoT transmission according to the information of dynamic indication in DCI. 
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Figure 2 Dynamic indication of interference or puncturing information of NB-IoT transmission

Proposal 4: For NB-IoT coexistence with NR, dynamic signaling in DCI is used to indicate downlink puncturing information to NB-IoT UEs.
3 Conclusions

In this contribution, we have discussed the performance improvement for coexistence NB-IoT with NR. We make the following proposals:
Proposal 1: For coexistence of NB-IoT with NR, to reduce the negative impact on anchor NB-IoT, non-overlapping dedicated frequency region is reserved for anchor NB-IoT.

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

Proposal 3: To improve the coexistence performance of NB-IoT with NR, symbol level resource reservation in non-anchor NB-IoT carriers can be considered to avoid the overlap of NR SSB and NB-IoT transmission in the serving cell.

· Symbol level resource reservation is semi-statically configured.
Proposal 4: For NB-IoT coexistence with NR, dynamic signaling in DCI is used to indicate downlink puncturing information to NB-IoT UEs.
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