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1 Introduction
In RAN #80 meeting, new WID on Rel-16 MTC enhancements for LTE was agreed [1]. One of the objectives is studying NB-coexistence with NR.
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]

In this contribution, we discuss the coexistence issues between LTE-MTC and NR.
2 NR and LTE-MTC coexistence issues
Generally, NR and LTE-MTC can coexist with each other by adjacent deployment. If NR bandwidth is larger than LTE-MTC, LTE-MTC can coexist with NR by in-band operation.
Considering the bandwidth of SS block and bandwidth of LTE PSS/SSS/PBCH, the bandwidth of LTE-MTC would be larger than 1.4 MHz and the bandwidth occupied by NR should be larger than 3.6 MHz. To guarantee the scheduling efficiency of both systems, considering the required guard band, the system bandwidth for in-band coexistence of NR and LTE-MTC should be larger than 5 MHz.

Proposal 1: The minimum system bandwidth for in-band coexistence of NR and LTE-MTC should be studied.
2.1 Adjacent deployment between NR and LTE-MTC
If NR and LTE-MTC are adjacently deployed, no RAN1/RAN2/RAN3 specification impacts are expected. As shown in Figure 1, guard subcarriers are needed if NR using subcarrier spacing other than 15 kHz. RAN4 may need to define the required guard carriers.
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Figure 1 Adjacent NR and LTE-MTC deployment

2.2 In-band deployment between NR and LTE-MTC

2.2.1 General consideration
NR is designed to allow coexistence with LTE. For coexistence, higher-layer signaling such as LTE CRS-related information to be rate-matched around and MBSFN subframe configurations is introduced. It is expected that NR scheduling and at least semi-statically reserved resources for forward compatibility can be used to avoid NR transmissions colliding with other LTE signals/channels (e.g., LTE PBCH/PSS/SSS, SIB1, LTE PDCCH region, etc.) The center-subcarrier location (12 bits), bandwidth (3 bits) and MBSFN subframe configuration for a single LTE carrier can be indicated to the NR UE in addition to the Vshift and the number of CRS ports for rate-matching around LTE CRS. Similarly, if LTE-MTC system is in-band deployed in NR bandwidth, the information of LTE-MTC carrier is signaled to NR UEs to avoid resource collision.
Compared with legacy LTE, LTE-MTC have features of repetition and narrowband frequency hopping. For in-band coexistence, if NR and LTE-MTC can have separate frequency region within the system bandwidth, the deployment would be much easier. In this case, MTC UEs are allocated within LTE-MTC frequency region. When frequency hopping of MTC is enabled, the hopping can be done within the frequency range of LTE-MTC carrier. However, separate frequency region can only be considered for system with large bandwidth.  Repetition and frequency would significantly increase the scheduling complexity if NR and LTE-MTC share the same frequency region. Therefore, the coexistence of NR and LTE-MTC is more complicated than that of NR and legacy LTE.

Observation 1: Due to LTE-MTC features of repetition and narrowband frequency hopping, the scheduling complexity in the case of coexistence of NR and LTE-MTC would be larger than that of NR and legacy LTE.
Proposal 2: Coexistence of NR and LTE-MTC can reuse the scheme of coexistence of NR and legacy LTE.

2.2.2 Impacts on coexistence of NR and LTE-MTC
In NR, a UE can be configured with up to four bandwidth parts in the downlink with a single downlink bandwidth part being active at a given time. If system bandwidth is large enough, the in-band coexistence of NR and LTE-MTC can be deployed as shown in Figure 2. The deployment impacts can be minimized if the frequency location of BWPs are non-overlapping with the location of LTE-MTC. In this case, the scheduling complexity is relatively simple and the only negative impact is the resource utilization. If system bandwidth is limited, frequency sharing for NR and LTE-MTC should be considered. In this case, scheduling complexity is much larger than the case of frequency non-overlapping case.
Currently, NR supports RE level resource reservation for LTE CRS and RB-symbol level reservation for other LTE channel and signals. Similar to legacy LTE, for in-band LTE-MTC and NR coexistence, even though LTE-MTC and NR share the same frequency region, potential collision issues can be avoided by resource reservation scheme.
Observation 2: For in-band coexistence of NR and LTE-MTC, the deployment impacts can be minimized if the frequency location of BWPs are non-overlapping with the frequency region of LTE-MTC.
Observation 3: For in-band coexistence of NR and LTE-MTC, if NR and LTE-MTC share the same frequency region, the scheduling complexity would be much more complicated than no-overlapping frequency case.
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Figure 2  BWP configuration for coexistence of NR and LTE-MTC
SFI configuration in NR is active for all BWPs in the serving cell. For in-band coexistence of NR and LTE-MTC, SFI configuration in NR needs to consider the interference issue to the LTE-MTC.
For TDD system, tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationCommon2 are configured for NR UEs in a serving cell to indicate a slot format including downlink symbols, uplink symbols, and flexible symbols. The UL and DL configuration in TDD NR may be different from the U/D configuration in LTE-MTC. In this case, NR system can use resource reservation scheme to avoid interference.

For FDD system, dynamic SFI can be configured to group NR UEs (for the purpose of power saving). In this case, some DL/UL symbols can be configured as flexible symbols. Considering that the DL symbols cannot be used for UL and UL symbols cannot be used for DL, no interference issue would be expected.

Observation 4: For in-band coexistence of NR and LTE-MTC, to avoid the potential interference, the scheduling complexity would be much more complicated for TDD system.

Proposal 3: For in-band coexistence of NR and LTE-MTC, further study is needed on improvement of the resource utilization.
3 Conclusions

In this contribution, we have discussed the coexistence issues between NR and LTE-MTC. We make the following observations and proposals:
Observation 1: Due to LTE-MTC features of repetition and narrowband frequency hopping, the scheduling complexity in the case of coexistence of NR and LTE-MTC would be larger than that of NR and legacy LTE.

Observation 2: For in-band coexistence of NR and LTE-MTC, the deployment impacts can be minimized if the frequency location of BWPs are non-overlapping with the frequency region of LTE-MTC.
Observation 3: For in-band coexistence of NR and LTE-MTC, if NR and LTE-MTC share the same frequency region, the scheduling complexity would be much more complicated than no-overlapping frequency case.

Observation 4: For in-band coexistence of NR and LTE-MTC, to avoid the potential interference, the scheduling complexity would be much more complicated for TDD system.

Proposal 1: The minimum system bandwidth for in-band coexistence of NR and LTE-MTC should be studied.

Proposal 2: Coexistence of NR and LTE-MTC can reuse the scheme of coexistence of NR and legacy LTE.
Proposal 3: For in-band coexistence of NR and LTE-MTC, further study is needed on improvement of the resource utilization.
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