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1. Introduction
In RAN#84, objectives with regard to Coexistence with NR was updated by RP-191356 as follows:
· Specify the following performance improvements for LTE-MTC coexistence with NR [RAN1, RAN2, RAN4]
· LTE-MTC resource reservation at least in the time domain with at least one of slot-level and symbol-level granularity at least in DL to avoid resource overlap between NR and LTE-MTC when LTE-MTC is deployed within an NR carrier
· LTE-MTC subcarrier puncturing for a small number of LTE-MTC DL subcarriers (excluding CRS) to reduce the number of NR resource blocks that need to be reserved for LTE-MTC when LTE-MTC is deployed within an NR carrier
In this contribution, we discuss the subcarrier puncturing and the resource reservation of LTE MTC for efficient coexistence with NR.
2. Discussion
For LTE MTC subcarrier puncturing, in RAN1#98 meeting, it was agreed that the LTE MTC subcarrier puncturing is supported on both size of [transmission bandwidth] and FFS whether it applies per scheduled transmission, and/or per narrowband and/or per system bandwidth. In our view, the discussion on the FFS point is related to how flexibly the LTE MTC and NR coexist within an NR carrier. The least flexible way is to reserve within an NR carrier the LTE system bandwidth for LTE MTC use only and those reserved resources for LTE MTC are not used for NR UEs (called “Case 1” in this contribution). In Case 1, puncturing per system bandwidth may be enough, and the LTE MTC UEs assume puncturing only when they are allocated at the very edge of the system bandwidth. On the opposite side, the most flexible way is to allow the NR to use the resources within/across the narrowband within/across LTE MTC system bandwidth (called Case 3). In Case 3, the LTE MTC UEs may assume puncturing only if the NR uses the PRB which is adjacent to the PRB allocated to the LTE MTC UEs and has (an) overlapping subcarrier(s). Case 3 is the most efficient for LTE MTC and NR coexistence, but under the condition that the LTE MTC scheduler has the knowledge on the (dynamic and/or semi-static) usage of resources of NR so that it can (dynamically and/or semi-statically) indicate to the LTE MTC UEs. Otherwise, the LTE MTC UEs may always assume puncturing even within the narrowband. A compromised case may be to allow the NR to use the resources within the LTE system bandwidth but per narrowband (called Case 2). In case 2, the LTE MTC UEs may assume puncturing only for the outlying subcarrier(s) at the edge(s) of each narrowband(s).
Observation 1: Whether the LTE MTC DL subcarrier puncturing applies per scheduled transmission, and/or per narrowband, and/or per system bandwidth is related to whether the NR scheduling information is available to the LTE MTC scheduler.
Proposal 1: As we cannot always assume that NR scheduling information is available to the LTE MTC scheduler, LTE MTC DL subcarrier puncturing per scheduled transmission is not supported in Rel-16 for LTE MTC DL subcarrier puncturing.
Proposal 2: Depending on whether the NR can use the resource within/across the LTE system bandwidth, for LTE MTC DL subcarrier puncturing it can be configured by eNB between the following two alternatives.
· LTE MTC DL subcarrier puncturing applies per narrowband
· LTE MTC DL subcarrier puncturing applies per system bandwidth
LTE-MTC subcarrier puncturing does not have to apply to CRS as collisions with the REs used for NR can be avoided by RE-level rate matching currently supported by NR for coexistence with LTE. Other than CRS, LTE-MTC subcarrier puncturing should apply to reference signals from LTE such as DMRS and CSI-RS if collision with REs used for NR cannot be avoided by the current RE-level rate matching supported in NR. Whether SFBC RE pairs are punctured or not is another remaining issue. As the objective of this LTE-MTC subcarrier puncturing is to avoid collision with NR, the puncturing should also apply to the SFBC RE pairs. The eNB can offset the performance loss if it is needed. 
Proposal 3: LTE MTC DL subcarrier puncturing applies to DMRS, CSI-RS and SFBC RE pairs.
For the LTE-MTC resource reservation, it is FFS whether/how the higher layer configuration relates to the existing Rel-13 parameters for LTE-MTC valid subframe configuration and MBSFN configuration. Considering that the pre-Rel-16 UEs can coexist in an NR carrier with the Rel-16 UEs, the existing Rel-13 parameters for LTE-MTC valid subframe configuration should be configured to avoid any (partial) collisions with NR and the LTE-MTC resource reservation for Rel-16 LTE MTC UEs can be used to improve the resource utilization efficiency by validating part of the invalid subframe(s) configured by Rel-13 parameters. In other words, the resource in an invalid subframe indicated by legacy downlink bitmap can be configured as valid by Rel-16 configuration parameters, e.g., Rel-16 downlink valid bit map.
Proposal 4: LTE-MTC resource reservation for Rel-16 LTE MTC UEs can validate part of the resource within an invalid subframe configured by Rel-13 parameters.
In RAN1#98 meeting, it was agreed that the LTE-MTC resource reservation is configured by higher layers via [SIB or UE-specific RRC signaling] and it is FFS whether DCI can override or modify the higher-layer configuration. The LTE MTC resource reservation can be configured by SIB in which case the configuration is cell-specific as in existing Rel-13 parameters. If there is a need for UE-specific configuration, UE-specific RRC signaling can also be considered. Or eNB supports both SIB and UE-specific RRC signaling, and the UE selects which one to use based on its capability. Regarding the FFS, similar to Observation 1, whether dynamic indication for LTE MTC resource reservation is useful or not depends on whether the LTE MTC scheduler can have the access to the NR scheduling information, in which case the dynamic resource reservation may increase the efficiency in terms of the overall resource utilization. 
Observation 2: Whether DCI can override or modify the higher-layer configuration is related to whether the NR scheduling information is available to the LTE MTC scheduler.
Proposal 5: As we cannot always assume that NR scheduling information is available to the LTE MTC scheduler, dynamic resource reservation via DCI is not supported in Rel-16. 
3. Conclusion
In this contribution, we discussed LTE MTC subcarrier puncturing and resource reservation for coexistence of LTE-MTC with NR. Observations and Proposals are summarized below.
Observation 1: Whether the LTE MTC DL subcarrier puncturing applies per scheduled transmission, and/or per narrowband, and/or per system bandwidth is related to whether the NR scheduling information is available to the LTE MTC scheduler.
Observation 2: Whether DCI can override or modify the higher-layer configuration is related to whether the NR scheduling information is available to the LTE MTC scheduler.
Proposal 1: As we cannot always assume that NR scheduling information is available to the LTE MTC scheduler, LTE MTC DL subcarrier puncturing per scheduled transmission is not supported in Rel-16 for LTE MTC DL subcarrier puncturing.
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