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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR. [bookmark: _Hlk516692042]Coexistence with NR
· [bookmark: _Hlk516784255]Study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR [RAN4, RAN1, RAN2]

And in RAN1#94[2], the observation and agreements for NB-IoT coexistence with NR were reached below.
This contribution discusses some additional specification enhancements for improving coexistence of NB-IoT with NR.Observation
From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and NB-IoT

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


Discussion
In Rel-13, a NB-IoT UE accesses the system via an anchor carrier (i.e. 180 kHz PRB with 15 kHz subcarrier spacing) and then can be configured to a non-anchor carrier (i.e. another 180 kHz PRB with 15 kHz subcarrier spacing) by higher layers to perform unicast transmission.
In Rel-14, non-anchor carrier support for RACH and paging was added to increase the system capacity for IDLE mode UE. Thus, from eNB perspective, there are multiple non-anchor carriers (i.e. multiple 180 kHz PRBs) for unicast, paging and RACH. Non-anchor carrier deployment has fewer limitations compared to anchor carriers, which are limited to being located on the channel raster plus {0, +/-2.5kHz, +/-7.5kHz}, so the non-anchor carrier can be distributed in the whole NR CC (Component Carrier) bandwidth from a NB-IoT specification point of view.
Observation 1: There can be multiple NB-IoT non-anchor carriers which are distributed in the NR CC bandwidth.

Thus when multiple NB-IoT UEs are scheduled in multiple NB-IoT carriers, which is deployed in the NR carrier, the NR transmissions should avoid the collision with NB-IoT transmissions. In downlink, this can be achieved by NR rate-matching pattern configurations. In uplink, gNB may allocate non-overlapping resources to NB-IoT and NR UEs to avoid the collision by scheduling. But the collisions cannot be always avoided by gNB scheduling in case a large bandwidth needs to be allocated for wideband services, e.g. URLLC, since generally URLLC needs a large number of contiguous RBs for a single transmission due to 10-5 BLER target and tight requirements on latency. 
One way is to introduce more efficient resource sharing mechanisms in Rel-16 and not rely entirely on gNB scheduling to avoid the collision. An efficient resource sharing mechanism is that some resources are configured to be postponed by NB-IoT UEs. Or NB-IoT transmissions are dropped when they collide with some configured resources. These resources are then available to be used for NR UEs.
From NB-IoT point of view, the postponed or dropped resource mechanism can also introduce forward compatibility for NB-IoT. A Rel-16 eNB can configure the resources used by beyond Rel-16 NB-IoT UEs as the postponed or dropped resources for Rel-16 NB-IoT UEs. Rel-16 NB-IoT transmission shall be postponed or dropped around these resources. Therefore, eNB does not need to handle the collision issue between Rel-16 transmission and beyond Rel-16 transmission, which complicates the scheduling and may impact the resource efficiency of NB-IoT.
Proposal 1: In Rel-16, more efficient resource sharing mechanism can be considered, e.g. configuration of resources which are postponed or dropped by NB-IoT UEs. FFS whether and how the resources are used for NR UEs.

Conclusion
[bookmark: _GoBack]In this paper, we discuss the coexistence of NB-IoT and NR. Some additional NB-IoT specification enhancements for improving coexistence of NB-IoT with NR is proposed to be considered for more efficient resource sharing between NB-IoT and NR.
Proposal 1: In Rel-16, more efficient resource sharing mechanism can be considered, e.g. configuration of resources which are postponed or dropped by NB-IoT UEs. FFS whether and how the resources are used for NR UEs.
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