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1. Introduction

At the RAN#84 meeting, a revised WID, which refers to specify the following performance improvements in the coexistence of eMTC with NR, was approved. 
	Coexistence with NR:
· 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


Based on the revised WID, at the RAN1#98 meeting, eMTC resource reservation scheme and subcarrier puncturing were discussed and the following agreements were made.
	Agreement

· FFS: till the next meeting whether the LTE-MTC DL subcarrier puncturing applies per scheduled transmission and/or per narrowband and/or per system bandwidth

· DL subcarrier puncturing is supported on both sides of [transmission bandwidth]

· The maximum number of LTE-MTC DL subcarriers that can be punctured is 2

· The [maximum] number of punctured subcarriers and their locations are configured by higher layers via [SIB or UE-specific RRC signaling]. It is FFS whether DCI can override or modify the higher-layer configuration.

· The same higher-layer configuration of [maximum] number of punctured subcarriers and their locations apply to both MPDCCH and PDSCH.

· FFS: till the next meeting whether DMRS, CSI-RS and SFBC RE pairs are punctured or not.

Agreement

· LTE-MTC DL time-domain resource reservation is supported with a finer granularity than slot level. Transmissions in these reserved resources are dropped.

· FFS: How to handle DMRS

· Support LTE-MTC DL time-domain resources reservation with slot-level granularity. Transmissions in these reserved resources are dropped.

· Whether to support LTE-MTC UL time-domain resource reservation and/or LTE-MTC DL frequency-domain resource reservation is FFS.

· The LTE-MTC resource reservation is configured by higher layers via [SIB or UE-specific RRC signaling]. It is FFS whether DCI can override or modify the higher-layer configuration.

· 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.


In this contribution, we discuss further aspects on eMTC subcarrier puncturing and resource reservation for the coexistence of eMTC with NR.

2. Discussion
2.1. eMTC subcarrier puncturing
At the last RAN1 meeting, the support of eMTC DL subcarrier puncturing was agreed. However, there is still remaining issue that which type of frequency bandwidth needs to be considered for eMTC DL subcarrier puncturing. For example, if eMTC transmission bandwidth is dynamically changed within a narrowband and NR reserves the corresponding frequency resources, both sides of eMTC transmission bandwidth may need to be punctured. However, if such dynamic puncturing of eMTC DL subcarrier is assumed, eMTC UEs also needs to support dynamic rate-matching scheme which depends on actually reserved NR frequency resources at the time. For NW flexibility, such configuration can be considered. However, since UE implementation complexity should be minimized especially for eMTC devices, at least simpler solution should be supported. We consider that it would be typical to reserve NR frequency resource with narrowband granularity statically in the case of eMTC coexistence with NR. Therefore, we prefer to support eMTC DL subcarrier puncturing on both sides of narrowband, which is configured for eMTC carrier. 
Proposal 1: DL subcarrier puncturing is supported on both sides of narrowband which is configured for eMTC carrier.
In the similar way as discussed above, if NR dynamically reserves some frequency portion for eMTC carrier, the number of eMTC DL subcarriers to be punctured may be configured dynamically. However, it may increase UE complexity and we consider that NR frequency resource reservation for eMTC carrier would typically be based on semi-static manner. In the sense, only maximum number of eMTC DL subcarriers to be punctured is enough to be configured for UE. In addition, the maximum number of eMTC DL subcarriers to be punctured would just depend on the alignment of LTE/NR PRB grid and it is enough to support cell-specific signaling for it. Based on the discussion, we made following proposal. 

Proposal 2: The maximum number of punctured subcarriers and their locations are configured by SIB.
2.2. eMTC time-domain resource reservation
As described in Section 1, eMTC DL time-domain resource reservation is supported with slot-level granularity. For example, some of essential DL channels/signals such as SS/PBCH block are transmitted periodically and its time and frequency positions cannot be flexibly configured. In such case, eMTC DL time-domain resource reservation would be beneficial to avoid resource collision between eMTC and NR.
On the other hand, whether to support eMTC UL time-domain resource reservation is still FFS. For example, considering RACH occasion in NR, which is semi-statically configured by gNB, eMTC UL time-domain resource reservation would be beneficial to avoid resource overlapping between NR RACH occasion and eMTC UL transmission as in DL. Different from above example of SS/PBCH block case, there is configurability for RACH resource in NR and actual RACH transmission on the resource may or may not happen on each resource. However, we prefer to support eMTC UL time-domain resource reservation to avoid possible overlapping between NR UL and eMTC UL, and made following proposal.
Proposal 3: eMTC UL time-domain resource reservation is supported.

3. Conclusion
In this contribution, we discuss further aspects on eMTC subcarrier puncturing and resource reservation for the coexistence of eMTC with NR and following proposal were made.

Proposal 1: DL subcarrier puncturing is supported on both sides of narrowband which is configured for eMTC carrier.

Proposal 2: The maximum number of punctured subcarriers and their locations are configured by SIB.
Proposal 3: eMTC UL time-domain resource reservation is supported.
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