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1	Introduction
In RAN#83 meeting, a revised WID of Rel-16 enhancements for NB-IoT [1] was approved with the objective to study the coexistence of NB-IoT with NR.

[bookmark: _Hlk516692042]Coexistence with NR
· Study aspects of LTE-MTC coexistence with NR [RAN4, RAN1, RAN2]

In RAN1#94, it was concluded that no issues were identified that would prevent the coexistence of NR and NB-IoT. In RAN1#94bis, it was agreed to study potential specification enhancements for improving the performance of NB-IoT coexistence with NR.

Agreement
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, it was agreed to further study the techniques for performance improvements of NB-IoT resource allocation for coexistence with NR.

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

In RAN1#96, the following conclusion was made.

Conclusion
· From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and FDD/TDD NB-IoT

[bookmark: _Ref178064866]In this contribution, we continue to discuss the aspects for facilitating NB-IoT close coexistence with NR. 
2	Discussion
For inband deployment of NB-IoT with NR, a straightforward way is to use semi-static resource partition between NR and NB-IoT by configuring a set of time and frequency domain resources to NB-IoT. As a result, the resources reserved for NB-IoT are not used for any NR transmission. The semi-static resource multiplexing is useful for the common signals/channels of NB-IoT, such as NPSS, NSSS, NPBCH, SIB1-NB and NRS. According to [2], the percentage of the semi-static resources reserved for NB-IoT is less than 1% for a 20MHz NR bandwidth with 106 RBs and 15kHz subcarrier spacing. However, the bursty unicast traffic would prefer to dynamic resource multiplexing between NR and NB-IoT for improving resource utilization. 

In Rel-15, dynamic rate matching is supported for NR and the DCI can signal up to two rate matching resource sets for NR PDSCH. The rate matching resource set is defined by a pair of RB/symbol level bitmap spanning over one or two NR slots. The usage of dynamic rate matching resource sets allows NR to utilize the unused resources reserved for NB-IoT. However, there are some limitations that would affect the performance of dynamic resource multiplexing.

Firstly, NR supports flexible numerology with different subcarrier spacing. When NR uses a mixture of numerologies, i.e., 15kHz and 30kHz for supporting both eMBB and URLLC, a NR slot may consist of both DL and UL symbols to enable fast HARQ-ACK feedback for URLLC as shown in Figure 1. However, NB-IoT can only be transmitted in a subframe with either full DL or full UL except in the special subframe. Therefore, the subframes with a mixed DL and UL transmission cannot be reserved for NB-IoT. Similarly, if one subframe is reserved for NB-IoT then the subframe may not be configured with a mixed DL and UL transmission for NR URLLC. When more subframes are reserved for NB-IoT then the performance of NR URLLC will be affected significantly. Therefore, efficient support of both NB-IoT and URLLC cannot be achieved when NB-IoT is deployed within a NR carrier. 
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Figure 1: A NR slot with a mixed DL and UL for supporting URLCC
Observation 1: Resource reservation at subframe level for NB-IoT may not efficiently support NR URLLC. 
Proposal 1: For TDD NB-IoT coexistence with NR, the slot or symbol level resource reservation shall be supported to allow NB-IoT transmission in a portion of the subframe.
Secondly, NR support both semi-static and dynamic TDD configuration. For the dynamic configuration, the transmission direction of a NR slot or a portion of the slot (i.e. flexible symbols in a NR slot) may be dynamically configured by PDCCH. For example, the group common DCI format 2-0 can be used to indicate the slot format in a predefined periodicity. Dynamic TDD is an important NR feature providing significant gains for traffic adaptation and latency reduction and shall be supported when the NR carrier is used also for deploying NB-IoT. However, the current specification of NB-IoT does not support dynamic TDD, and the resources reserved for NB-IoT shall be fixed resources in NR. As discussed above, when more resources are reserved for NB-IoT, the performance of dynamic TDD in NR will be degraded due to less available flexible resources in NR. 
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Figure 2: NB-IoT coexistence with NR with dynamic TDD configuration
Observation 2: Reserving fixed resources for NB-IoT may not efficiently support dynamic TDD for NR. 
Proposal 2: Support resource reservation for NB-IoT using flexible NR resources.
It is noted that the above proposals on resource reservation for NB-IoT does not support legacy UEs. Therefore, for backward compatibility, the subframe level resource reservation shall be used for legacy NB-IoT UE, and the symbol or slot level resource reservation will be configured only for Rel-16 capable UEs. To support this, two sets of valid DL and UL subframe configurations shall be configured (e.g. currently valid UL subframe configuration only supported for TDD but not for FDD), one for legacy UE and the other for Rel-16 UEs. The valid subframe configuration for the Rel-16 capable UE may have a different time domain granularity. For example, the granularity may also include 0.5ms, 0.25ms or 0.125ms dependent on the subcarrier spacing of NR. Alternatively, we could have FDM multiplexing by assigning different NB-IoT carriers to legacy and Rel-16 capable NB-IoT UEs. In such case, a single valid subframe configuration is needed for each NB-IoT carrier, and the eNB may configure the time domain granularity of the valid subframe configuration based on UE capability and the subcarrier spacing of the inband NR carrier.
Proposal 3: Valid UL subframe configuration can be configured also for FDD NB-IoT for coexistence with NR.
Proposal 4: The time domain granularity of the valid subframe configuration for Rel-16 NB-IoT UE can also include 0.5ms, 0.25ms or 0.125ms dependent on the subcarrier spacing of NR.
3	Summary
In this contribution, we discuss the potential issues and solutions for efficient coexistence of NB-IoT with NR. We have the following observations:
Observation 1: Resource reservation at subframe level for NB-IoT may not efficiently support NR URLLC. 
Observation 2: Reserving fixed resources for NB-IoT may not efficiently support dynamic TDD for NR. 
And we made the following proposals.
Proposal 1: For TDD NB-IoT coexistence with NR, the slot or symbol level resource reservation shall be supported to allow NB-IoT transmission in a portion of the subframe.
[bookmark: _In-sequence_SDU_delivery]Proposal 2: Support resource reservation for NB-IoT using flexible NR resources.
Proposal 3: Valid UL subframe configuration can be configured also for FDD NB-IoT for coexistence with NR.
Proposal 4: The time domain granularity of the valid subframe configuration for Rel-16 NB-IoT can also include 0.5ms, 0.25ms or 0.125ms dependent on the subcarrier spacing of NR.
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