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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 aspects of LTE-MTC coexistence with NR.
	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
· For LTE-MTC in-band operation co-existence with NR, RAN4 will investigate the following:
· 15 kHz, 30 kHz, and 60 kHz numerologies for NR FR1 bands, with higher priority given first to 15 kHz and then to 30 kHz
· Study feasible LTE-MTC placement allocation without RF backward compatibility impact and compatible with Rel-13 LTE-MTC and Rel-15 NR, to operate simultaneously within various NR channel bandwidths
· Channel raster, PRB and subcarrier grid alignment between LTE-MTC and NR
· Synchronization issue between LTE-MTC and NR, including timing advance
· Frequency band support in LTE-MTC and NR
· Testability applicability
· Compatibility for Rel-15 NR and Rel-13/14/15 LTE-MTC
· The case of NR configured with 15 kHz SS block SCS and the case of 30 kHz SS block SCS as specified in 38.101-1 are included in the study.
Note: After RAN1 concludes the objective on R16 LTE-MTC coexistence aspects, evaluate coexistence between R15 NR and R16 LTE-MTC.




[bookmark: _Ref178064866][bookmark: _In-sequence_SDU_delivery]This document provides a summary and recommendations based on contributions in [2] – [7].

LTE-MTC subcarrier puncturing
The contributions listed in the table below discuss “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”.
If the maximum number of subcarriers that can be punctured is 2, perhaps it will be acceptable for all companies to puncture MPDCCH, PDSCH and perhaps even DMRS.
1. DL subcarrier puncturing is supported on both sides of an LTE-MTC carrier.
1. The maximum number of LTE-MTC DL subcarriers that can be punctured is 2.
1. The 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.
1. The same higher-layer configuration of number of punctured subcarriers and their locations apply to both MPDCCH and PDSCH.
1. It is 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.
1. It is FFS till the next meeting whether DMRS, CSI-RS and SFBC CRS are punctured or not.

	[2] Ericsson
	Proposal 1: To limit the performance loss from potential puncturing of outlying LTE-M DL subcarriers, primarily consider puncturing of one or two outlying subcarriers. It is up to the NW to puncture more than two subcarriers considering RAN4 requirements and the tolerable LTE-M performance loss.
Proposal 2: The LTE-M DL subcarrier puncturing feature should be supported for both right side and left side of the LTE-M PRBs.
Proposal 3: Puncturing of outlying LTE-M DL subcarriers is considered for the entire LTE-M narrowband and/or for PRBs which are actually used for transmissions. That is, we should have per-narrowband subcarrier puncturing and per-PRB subcarrier puncturing.

	[3] Huawei, HiSilicon
	Proposal 1: Both the number of LTE-MTC DL subcarriers and the position of the subcarriers in frequency domain to be punctured should be signalled by the eNB.
Proposal 2: When the number of outlying subcarriers is large, either rate-matching in LTE or resource reservation in NR should be applied.
Proposal 3: The maximum number of punctured subcarriers for MPDCCH and PDSCH should be specified separately.
Proposal 4: No new transmission scheme is introduced after the outlying subcarrier is punctured or rate-matched around.

	[4] ZTE
	Proposal 1: The maximum number of subcarriers to be punctured and the corresponding subcarrier index are predefined or semi-statically configured by RRC signalling. 
Proposal 2: For Rel-16 LTE-MTC UEs, when the feature of puncturing subcarrier is semi-statically configured, dynamic DCI signalling is used to indicate whether to puncture the outlying subcarrier(s) for PDSCH channel and/or the number of outlying subcarriers to be punctured.
Proposal 3: For MPDCCH channel, the REs other than CRS RE(s) at the outlying subcarrier are always punctured once the feature of puncturing the outlying subcarrier is semi-statically configured.

	[5] Nokia, Nokia Shanghai Bell
	Proposal 6: Puncturing should be limited to only small number of subcarrier (e.g. up to 4).
Proposal 7: Puncturing is semi-statically configured. It is for FFS whether the eNB can dynamically override the puncturing via DCI.
Proposal 8: DMRS is also punctured in the outlying subcarriers.

	[6] LG Electronics
	Proposal 1: When eMTC system is embedded within NR system bandwidth, the outlying subcarriers (i.e., the outmost subcarriers in one of either the lowermost or uppermost eMTC PRB crossing the NR PRB grid) are not used for downlink transmissions except CRS
· For downlink channels (e.g., MPDCCH and/or PDSCH) that can be received by pre-Rel.16 UEs, REs at the outlying subcarrier are punctured
· For downlink channels (e.g., MPDCCH and/or PDSCH) that will be received only by post-Rel.15 UEs, the downlink channels are rate-matched around the outlying subcarrier
· FFS on whether and how post-Rel.15 eMTC UEs are aware of whether or not the outlying subcarriers are used for downlink transmission

	[7] Qualcomm Incorporated
	Proposal 5: The number of outlying subcarriers is limited to at most 2
Proposal 6: In case of puncturing one outlying subcarrier of a SFBC RE pair, the other RE is also muted
Proposal 7: LTE-MTC DMRS and CSI-RS (if configured) are not punctured at outlying subcarriers
Proposal 8: Puncturing of resource elements at outlying subcarriers can be configured based on UE capability



LTE-MTC resource reservation
The contributions listed in the table below discuss “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”.
1. LTE-MTC DL time-domain resource reservation is supported with a finer granularity than slot level. Transmissions in these reserved resources are dropped.
1. Whether to support LTE-MTC DL time-domain resources reservation with slot-level granularity is FFS. Whether transmissions in such resources (if supported) would be dropped or postponed is FFS.
1. Whether to support LTE-MTC UL time-domain resource reservation and/or LTE-MTC DL/UL frequency-domain resource reservation is FFS.
1. 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 to legacy subframe-level resource reservation.
1. The higher-layer configuration is bitmap-based. It is FFS how the new bitmap(s) relate to the existing Rel-13 parameters for LTE-MTC valid subframe configuration and MBSFN configuration.

	[2] Ericsson
	Proposal 4: For improved coexistence with NR with 15 kHz SCS, specifically considering the time domain patterns of NR CORESET, SSB, and PDSCH DMRS, which are present within few symbols of a subframe, introduce symbol-level LTE-M resource reservation to improve the NR/LTE-M coexistence.
Proposal 5: No finer resource reservation granularity than the existing subframe-level is needed for protecting NR PRACH in uplink.
Proposal 6: For improved coexistence with NR with SCS higher than 15 kHz, to improve the coexistence of NR and LTE-M for various NR SCSs, introduce symbol-level LTE-M resource reservation to improve the NR/LTE-M coexistence.
Proposal 7: If bitmap-based mechanism is used, determine the granularity of LTE-M resource reservation based on the maximum allowable bitmap length in LTE-M.
Proposal 8: LTE-M transmissions in the finer-granularity reserved resources are dropped (i.e., not postponed), without rate matching.

	[3] Huawei, HiSilicon
	Proposal 5: Resource reservation mechanism is mainly used to avoid collision with NR SSB.

	[4] ZTE
	Proposal 4: When LTE-MTC is deployed within an NR carrier, slot-level resource reservation in LTE-MTC can be considered to avoid collision with NR SSB if SSB periodicity is larger than 5 ms.
Proposal 5: When LTE-MTC is deployed within an NR carrier, symbol-level resource reservation in LTE-MTC can be considered to avoid collision with NR SSB if SSB periodicity is equal to 5 ms.
Proposal 6: When LTE-MTC is deployed within an NR carrier, slot-level resource reservation and symbol-level resource reservation in LTE-MTC can be semi-statically configured at the same time.
Proposal 7: When LTE-MTC is deployed within an NR carrier, continuous RBs in LTE-MTC are reserved to avoid the collision.
Proposal 8: For LTE-MTC resource reservation, dynamical activation or dynamic rewriting the semi-statically configured reserved resource can be further considered.
Proposal 9: For LTE-MTC transmission, dynamic signalling in DCI can be used to indicate information of one-shot downlink resource reservation.
· The LTE-MTC UE assumes the downlink LTE-MTC transmissions in the reserved resources are punctured.
Proposal 10: For LTE-MTC transmission, a dynamic dedicated control information is used to indicate information of one-shot uplink resource reservation.
· The uplink LTE-MTC transmission in the reserved resources can be punctured/muted or postponed.

	[5] Nokia, Nokia Shanghai Bell
	Proposal 1: In time domain, eMTC reserved resource can be subframe-level, slot-level, or symbol-level.
Proposal 2: In frequency domain, eMTC reserved resource can be on PRB level.
Proposal 3: eMTC reserved resource is semi-statically configured. It is for FFS whether the eNB can dynamically override the reserved resource via DCI.
Proposal 4: eMTC reserved resource configuration is given by PRB-level bitmap in the frequency domain and subframe-level, slot-level, or symbol-level bitmap in the time-domain.
Proposal 5: eMTC transmission can be dropped in reserved resource.

	[7] Qualcomm Incorporated
	Proposal 1: For finer granularity resource reservation for LTE-MTC in Rel-16, down-select between the following two options:
· Option 1: Independent configuration from legacy subframe level resource reservation
· Option 2: Consider only invalid subframes from legacy subframe level resource reservation
Proposal 2: Finer granularity resource reservation for LTE-MTC is also supported in the uplink
Proposal 3: For unicast transmission, dynamic DCI signalling can be used to indicate which reserved resources are used for the scheduled LTE-MTC transmission 
Proposal 4: LTE-MTC transmission is postponed for the slot-level reserved resources
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