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1. Introduction
In the Rel-16 work item on “Additional MTC enhancements for LTE” [1], one of the objectives is to study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR.
RAN1#94 made the following observation and agreement:
	Observation
From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and eMTC

Agreement
RAN1 studies additional specification enhancement for improving the performance of coexistence of eMTC with NR.




RAN1#94bis made the following note and agreement:
	For further study:
Until the next meeting, invite companies to evaluate the potential performance gains (e.g. in terms of reduced NR resource reservation) from [the following] to help determine whether the gains are significant enough to motivate the impacts.
· Performance improvements of subcarrier and resource block alignment
· Performance improvements of resource configuration (e.g. reservation of LTE-MTC resources)
· Performance improvements through CRS reduction
· Also consider backwards compatibility aspects.
· Performance improvements of frequency hopping
· Also consider backwards compatibility aspects.

Agreement
RAN1 clarifies that the enhancements introduced by the WI objective on usage of the LTE DL control channel region for MPDCCH/PDSCH transmissions to LTE-MTC UEs do not only apply to LTE-MTC stand-alone deployments but also to the case when LTE-MTC is deployed within an NR carrier.




[bookmark: _Ref178064866][bookmark: _In-sequence_SDU_delivery]This document provides proposals on coexistence of LTE-MTC with NR based on contributions [2]-[7].


Subcarrier and resource block alignment
Five contributions discuss subcarrier and resource block alignment (see table below). Some contributions note that subcarrier alignment between LTE-MTC and NR can already be achieved in FDD using the optional uplink half-tone shift in Rel-15 NR but due to the LTE DC subcarrier there will be an outlying subcarrier that prevents downlink resource block alignment on one of the edges of the LTE-MTC system bandwidth. Suggested performance improvements of the resource block alignment include puncturing of resource elements at the outlying subcarrier, rate-matching around the outlying subcarrier, and exploiting a portion of the NR guard band. However, there are different views on whether the resource cost from this resource block misalignment on one of the edges is significant enough to motivate a performance improvement of the resource block alignment. Furthermore, one contribution discusses what system bandwidths to consider.
Feature lead recommendation:
· RAN1 does not further consider performance improvements of subcarrier alignment.
· RAN1 continues to study the following techniques for performance improvements of resource block alignment until the next meeting:
· Puncturing of resource elements at the outlying subcarrier
· Rate-matching around the outlying subcarrier
· Exploitation of a portion of the NR guard band (this would also require RAN4 study)
· RAN1 continues to consider all combinations of LTE-MTC system bandwidths and NR system bandwidths when discussing potential co-existence performance improvements.

	[2] Ericsson
	Observation:	 By exploiting a portion of NR guard band for deploying the LTE-M carrier, the resource efficiency can be improved in NR and LTE-M coexistence. In particular, an LTE-M carrier center can be placed such that the subcarrier grids alignment is achieved (eliminating interference) and the number of NR RB in transmission band is minimized (enhancing resource efficiency).
Proposal: For deployment of LTE-M within an NR carrier, utilizing a portion of the NR guard band may be considered.
Proposal: RAN4 studies are needed to confirm the potential use of NR guard band for LTE-M deployment.

	[3] Huawei, HiSilicon
	Observation: Subcarrier and resource block alignment can bring more than 13% performance gain.
Proposal: The subcarrier shift due to the LTE DC subcarrier and the PRB alignment between NR and eMTC should be considered to avoid wasting resources.

	[4] LG Electronics
	Observation: Two issues are observed with regard to the performance improvement of the coexistence of eMTC with NR. 
· Subcarrier grids misalignment between LTE-MTC UL and NR UL
· PRB or NB grids misalignment between LTE-MTC and NR
Proposal: Depending on the RAN4 study results on the performance in terms of resource utilization when the eMTC coexists with NR, we can consider the following alternatives for RE mapping for eMTC downlink transmission:
· Puncturing of the REs at the outlying subcarrier
· Rate-matching around the outlying subcarrier
· The outlying subcarrier refers to the outermost subcarrier of the eMTC NB crossing the NR PRB grid from NR point of view
· For both alternatives, CRS are transmitted for eMTC UEs and the CRS REs at the outlying subcarriers are avoid by RE-level rate-matching from NR perspective.

	[6] Nokia, Nokia Shanghai Bell
	Observation: Resource waste from PRB misalignment is not significant in case of dynamic resource sharing between eMTC and NR.

	[7] Qualcomm Incorporated
	Observation: The subcarrier grid alignment between NR and eMTC can be achieved in both uplink and downlink.
Observation: Perfect RB grid alignment between eMTC and NR is not possible due to the presence of DC subcarrier in eMTC.
Proposal: For coexistence with NR, both 1.4MHz bandwidth and a larger bandwidth of at least 5MHz shall be supported for eMTC.



Resource configuration
Four contributions discuss resource configuration/reservation/allocation (see table below). Some contributions indicate that the associated overhead from LTE-MTC within an NR carrier may be insignificant already with the mechanisms available in Rel-15, whereas other contributions propose to consider performance improvements in this area.
Feature lead recommendation:
· RAN1 continues to study the following techniques for performance improvements of LTE-MTC resource allocation until the next meeting:
· Symbol level/slot level/subframe level/subcarrier level/dynamic resource reservation
· Whether and how to support LTE-MTC transmission in a portion of the subframe
· Impact of resource reservation to legacy UEs
· Whether LTE-MTC transmission is postponed or dropped in reserved resources
· Whether and how the reserved resources are used for NR UEs

	[2] Ericsson
	Observation: It is possible to configure NR reserved resources to avoid collision with non-dynamically scheduled LTE-M transmissions.
Observation: By exploiting the concept of NR reserved resources, dynamic scheduling, and using 6 NR RBs, only 1.3% of NR resources need to be reserved for LTE-M. This corresponds to a 98.7% resource utilization for NR.

	[5] ZTE
	Observation: When URLLC transmission collides with MTC transmission, the MTC UE may take URLLC data as valid MTC data for combination which may decrease MTC performance and cause increased number of MTC retransmission.
Proposal: To improve the coexistence performance of LTE-MTC with NR, resource reservation in LTE-MTC can be considered.
· FFS symbol level, subframe level or subcarrier level resource reservation
· FFS dynamic resource reservation

	[6] Nokia, Nokia Shanghai Bell
	Observation: Invalid subframe bitmap can be used by legacy UEs to avoid NR transmissions. However, NR transmissions may not occupy the entire eMTC subframe.
Observation: eMTC reserved resource (e.g. symbol-level reservation, slot format indicator) can be used to allow eMTC transmission in a portion of the subframe.
Observation: eMTC reserved resource can be used to exclude OFDM symbols of SSB and NR-PDCCH.

	[7] Qualcomm Incorporated
	Proposal: For coexistence with NR, the slot or symbol level configuration shall be considered in eMTC to allow DL or UL transmission in part of the subframe.



CRS reduction and frequency hopping
Four contributions discuss CRS reduction and frequency hopping (see table below). Some contributions note that changes in this area may have backwards compatibility issues. Some contributions propose to consider approaches where LTE-MTC transmissions are performed outside the legacy LTE system bandwidth to avoid such backwards compatibility issues.
Feature lead recommendation:
· RAN1 studies LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.) until the next meeting.

	[3] Huawei, HiSilicon
	Observation: More than 50% performance gain can be obtained for frequency hopping enhancement.
Proposal: The frequency hopping for eMTC SIB1 should be considered in order to have a better coexistence with NR.
Proposal: CRS reduction should be studied for eMTC and NR coexistence.

	[5] ZTE
	Observation: For the case that NR and LTE-MTC share the whole system bandwidth, reduction of LTE CRS can reduce the NR resource reservation by up to 12.57%. 
Observation: For the case that NR and LTE-MTC share the same frequency region, restricting the bandwidth for frequency hopping of LTE-MTC can significantly reduce the NR resource reservation.
Proposal: To improve the performance of coexistence of LTE-MTC with NR, LTE CRS REs are located in bandwidth smaller than the whole bandwidth that LTE-MTC UEs can use.
Proposal: To improve the performance of coexistence of LTE-MTC with NR, restricting the bandwidth for frequency hopping of LTE-MTC is considered.

	[6] Nokia, Nokia Shanghai Bell
	Observation: NR performance loss due to eMTC frequency hopping can be mitigated using NR reserved resource. Changes to eMTC frequency hopping will not be backward compatible with legacy UEs.
Observation: CRS reduction is beneficial but will not be backward compatible with legacy UEs.

	[7] Qualcomm Incorporated
	Proposal: For eMTC coexistence with NR, DL transmission in a PRB-pair without CRS shall be considered for improving the NR resource utilization.
Proposal: For improving the performance of NR and eMTC coexistence, the enhancements on paging frequency hopping can be considered.
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