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1. Introduction
In RAN#76 a revised WID of Further NB-IoT enhancements [1] was approved with the objective to support TDD for in-band, guard-band and standalone operation modes of NB-IoT. The agreed work scope says the baseline design for NB-IoT TDD is Rel-13:

Support for TDD [RAN1, RAN2, RAN4]:

Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 
· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.
· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios

In this contribution, we will discuss the aspects of facilitating close coexistence of NB-IoT TDD with NR. 

2. Discussion 
To ensure good co-existence between NR and LTE is an important NR requirement since LTE and NR may be deployed with frequency-overlapping carriers as well as frequency adjacent non-overlapping carriers. Recently, there are also proposals to support eMTC/NB-IoT inband within an NR carrier as discussed in [2] and [3]. The motivation is to allow the operator to update the existing eMTC/NB-IoT enabled network to NR while continuing serving the deployed IoT devices given the expected long lifetime [4]. Also, in RAN plenary email discussion on Rel-16 scope of IoT/MTC, there are similar discussions about “smooth migration path for LTE-M/NB-IoT by joint deployment of LTE-M/NB-IoT with NR”. Therefore, it is desirable that LTE eMTC/NB-IoT is able to operate within an NR carrier. 

Another scenario for consideration is the LTE networks from multiple operators deployed on the same TDD band. To avoid cross-link interference the networks from different operators shall be synchronized using the same TDD UL/DL configurations. If one operator is upgraded LTE network to NR, typically a guard band is needed to provide sufficient frequency separation between LTE and NR since the dynamic frame/slot structure in NR will cause serious inter-cell interference to neighboring LTE cell. The guard band will cause inefficient spectrum utilization. If we deploy NB-IoT TDD on the reserved guard band, the coexistence design of NB-IoT TDD with NR will provide sufficient protection for adjacent LTE network and at the same time the resources can still be used for NB-IoT TDD when NR and NB-IoT TDD have the same direction.
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Figure 1: Example of coexistence with NR for LTE and NR on the same band
Observation 1: The deployment of NB-IoT TDD on the carrier adjacent to LTE and NR will provide sufficient protection for adjacent LTE network and at the same time improve spectrum utilization. 

The issues of supporting LTE inband within an NR carrier have been considered in [2] and [3]. A concept of reserved resources is proposed to support NR coexistence with LTE eMTC and NB-IoT. A reserved resource is a set of NR resources configured not to be transmitted, and NR UEs may puncture or rate match around the reserved resources. Therefore, the NR resources overlapping with critical eMTC and NB-IoT transmissions (e.g., PSS/SSS/PBCH/SIB1) will be configured as reserved resources to allow for blanking NR transmission without impact on LTE eMTC/NB-IoT. However, it shall be noted that the reserved resource based solutions are mainly from NR perspective since it is assumed that an eMTC/NB-IoT UE is unware whether it is operating in an NR carrier or a LTE carrier.

Observation 2: The concept of reserved resources for supporting for coexistence with eMTC/NB-IoT is mainly considered from NR perspective. 
For NR, one subframe has a fixed length of 1ms same as LTE. A subframe may consist of one or multiple slots dependent on the subcarrier spacing. That is, for 15KHz subcarrier spacing one subframe contains only one slot, and for other subcarrier spacing there could be 2 or more slots in each subframe. Different from LTE, a NR slot may contain flexible DL/UL configuration, e.g., all DL, all UL or {at least one DL part and at least UL part}. For the slot with mixed DL/UL, a few number of OFDM symbols at the beginning of the slot are used for DL control and a few number of OFDM symbols at the end of the slot are used for UL control and the other parts can be flexibly configured for DL or UL or gap as shown in Figure 2 below. It can be seen when co-existing with LTE eMTC/NB-IoT, the slot format with mixed DL/UL is not allowed to use for the subframe overlapping with eMTC/NB-IoT. This would limit the scheduling flexibility of NR on dynamic changing the slot formats based on traffic and latency requirements, although LTE eMTC/NB-IoT in-band carrier is relatively smaller than NR bandwidth.   


Figure 2: Example of different slot formats in NR
Observation 3: There is a restriction on the applied slot format when multiplexing eMTC/NB-IOT and NR in the same subframe. 
For NB-IoT TDD, since it is developed from scratch in Rel-15 it is possible to introduce a mechanism to support forward compatibility and facilitate good coexistence with NR without breaking NR key features. The concept of reserved resources can also be considered for NB-IoT TDD to ensure good coexistence with NR. The reserved resources can be configured on per-OFDM symbol basis. Simply speaking, for NB-IoT TDD DL subframes, the resources overlapping with NR UL control region could be semi-statically configured as reserved resources for NB-IoT TDD thus allowing symbol-level blanking. Similarly, for NB-IoT TDD UL subframes, the symbols overlapping with NR DL control region can be configured as reserved resources with no transmission from NB-IoT TDD UEs. Alternatively, we can extend the special subframe configuration to normal DL and UL subframe. Any subframe in NB-IoT TDD can be configured as special subframe to support inband with NR flexible frame/slot structure.  
Proposal 1: RAN1 shall discuss possible scenarios and enhancements to NB-IoT TDD for coexistence with NR.  
3. Summary
In this contribution, we presented our views on coexistence between NB-IoT TDD and with NR. We made the following observations.
Observation 1: The deployment of NB-IoT TDD on the carrier adjacent to LTE and NR will provide sufficient protection for adjacent LTE network and at the same time improve spectrum utilization. 
Observation 2: The concept of reserved resources for supporting for coexistence with eMTC/NB-IoT is mainly considered from NR perspective. 
Observation 3: There is a restriction on the applied slot format when multiplexing eMTC/NB-IOT and NR in the same subframe. 
We thus propose
Proposal 1: RAN1 shall discuss possible scenarios and enhancements to NB-IoT TDD for coexistence with NR.  
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