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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.




RAN1#95 made the following agreements:
	Agreement
· 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.

Agreement
· [bookmark: _Hlk1663653]RAN1 continues to study the following techniques for performance improvements of LTE-MTC resource allocation until the next meeting:
· Resource reservation at symbol level/slot level/subframe level/subcarrier level
· Whether the resource reservation is dynamic or semi-static (if supported)
· 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

Agreement
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



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


System bandwidths
Two contributions discuss combinations of system bandwidths for LTE-M and NR (see table below).
Feature lead recommendation:
· RAN1 continues to consider all combinations of LTE-MTC system bandwidths and NR system bandwidths when discussing potential co-existence performance improvements, including the combinations considered particularly challenging (e.g. the cases with 5 MHz NR system bandwidth).
	[3] Ericsson
	Observation: Subcarrier grid alignment, LTE-M channel raster requirement, and the ability to transmit the NR SSB limit the feasible combinations of LTE-M and NR channel bandwidths.
Observation: In order to place the smallest LTE-M carrier (with 6 RBs) in NR, NR channel bandwidth must be at least 10 MHz. In order to place the largest LTE-M carrier (with 100 RBs), NR channel bandwidth must be at least 25 MHz.

	[4] ZTE
	Proposal: When discussing potential co-existence performance improvement, the following combinations should be considered:
· 1.4 MHz LTE-MTC bandwidth and 5 MHz NR bandwidth
· 3 MHz LTE-MTC bandwidth and 5 MHz NR bandwidth
· 5 MHz LTE-MTC bandwidth and 5 MHz NR bandwidth
· 3 MHz LTE-MTC bandwidth and 10 MHz NR bandwidth
· 5 MHz LTE-MTC bandwidth and 10 MHz NR bandwidth
· 10 MHz LTE-MTC bandwidth and 10 MHz NR bandwidth
· 20 MHz LTE-MTC bandwidth and 20 MHz NR bandwidth



Resource block alignment
Five contributions observe that improved resource block alignment can bring gains in terms of resource utilization, although there are different views on how significant these gains may be (see table below).
	[2] Huawei, HiSilicon
	Observation: Subcarrier and resource block alignment can bring more than 13% performance gain.

	[4] ZTE
	Observation: The number of outlying subcarriers may be increased for the case that the LTE-MTC PRBs allocated to multiple UEs are not continuous.

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

	[6] LG Electronics
	Observation: PRB grid in downlink between Rel.15 eMTC and Rel.15 NR cannot be perfectly aligned due to the presence of DC subcarrier in eMTC.

	[7] Qualcomm Incorporated
	Observation: Perfect RB grid alignment between LTE-MTC and NR is not possible due to the presence of DC subcarrier in LTE-MTC.



Four contributions discuss handing of the outlying subcarriers through puncturing or rate-matching (see table below).
Feature lead recommendation:
· RAN1 continues to study e.g. the following aspects of puncturing and/or rate-matching as potential ways to take outlying LTE-MTC subcarriers into account for performance improvement of resource block alignment between LTE-MTC and NR:
· How to minimize the number of LTE-MTC subcarriers that need to be punctured
· To what extent the LTE-MTC UE needs to be aware of the LTE-MTC subcarrier puncturing
· Performance impacts of the LTE-MTC subcarrier puncturing
	[2] Huawei, HiSilicon
	Proposal: Puncturing and rate-matching can be used to handle the outlying subcarrier due to the LTE DC subcarrier.

	[4] ZTE
	Observation: For combination of 1.4 MHz LTE-MTC and 5 MHz NR, puncturing of resource elements at the outlying subcarrier or rate-matching around the outlying subcarrier can bring at least 4% performance gain for NR system.
Observation: For combination of 3/5 MHz LTE-MTC and 10 MHz NR, puncturing of resource elements at the outlying subcarrier or rate-matching around the outlying subcarrier can bring at least 2% performance gain.
Proposal: Puncturing of resource elements at the outlying subcarrier or rate-matching around the outlying subcarrier can be enabled by UE specific RRC signalling or system information. 
Proposal: When the feature of puncturing or rate-matching around outlying subcarrier is semi-statically configured, dynamic DCI signalling can be used to indicate how to use the outlying subcarrier for PDSCH channel.
Proposal: For MPDCCH channel, the outlying subcarrier is always punctured or rate-matched around once the feature of puncturing or rate-matching around outlying subcarrier is semi-statically configured.

	[5] Nokia, Nokia Shanghai Bell
	Observation: Puncturing may be considered to minimize performance impact from NR PRB misalignment.

	[6] LG Electronics
	Proposal: 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
· Puncturing of the REs at the outlying subcarrier is supported by default
· FFS on Rate-matching around the outlying subcarrier for downlink channels (e.g., MPDCCH and PDSCH) that are going to be received only by post-Rel.15 eMTC UEs
· FFS on whether and how post-Rel.15 eMTC UEs are aware of whether or not the outlying subcarriers are used for downlink transmission



Two contributions discuss use of NR guard band and note that the potential study of the feasibility of this would fall under RAN4 responsibility (see table below).
Feature lead recommendation:
· Send LS to RAN4 to ask about feasibility of placing a portion of an LTE-MTC PRB in NR guard band.
	[3] Ericsson
	Observation: To maximize the resource utilization and minimize the impact of RB misalignment between NR and LTE-M, using a portion of NR guard band can be more promising than the puncturing and rate matching methods.
Proposal: RAN1 may request RAN4 to study the feasibility of using NR guard band for placing LTE-M.

	[4] ZTE
	Proposal: Whether to deploy part of LTE-MTC on NR guard band is up to RAN4 decision.



One contribution discusses introduction of a configurable RB shift in order to achieve LTE-M RB grid alignment with NR (see table below).
Feature lead recommendation:
· RAN1 discusses whether to consider configurable RB shift for LTE-MTC in some cases (e.g. stand-alone/in-band, FDD/TDD, DL/UL).
	[7] Qualcomm Incorporated
	Proposal: RB shift can be configured to Rel-16 LTE-MTC UE for achieving RB grid alignment with NR.



One contribution discusses impacts of different subcarrier spacings for LTE-M and NR (see table below). Most of the focus in this WI has so far been on the 15-kHz NR SCS case even though other cases may also be relevant and these cases may motivate other approaches for efficient coexistence than the 15-kHz case. One possibility is that RAN1 decides to consider a similar approach as the one recommended by RAN4 for their RF coexistence study [8], which is to consider different numerologies but with higher priority given first to 15 kHz and then to 30 kHz.
Feature lead recommendation:
· RAN1 considers coexistence cases for different NR subcarrier spacing (SCS), with higher priority given first to 15 kHz SCS and then to 30 kHz SCS.
	[3] Ericsson
	Observation: When deploying LTE-M inside NR with 30-kHz subcarrier spacing, it is possible to avoid interference from an NR BS on LTE-M UE by intelligent deployment of the LTE-M carrier. However, guard band will be required around the LTE-M carrier to mitigate interference from an LTE-M BS on an NR UE. The guard band can be minimized by placing LTE-M near the center of an NR RB.



LTE-M resource reservation
Five contributions discuss LTE-M resource reservation beyond the already supported DL/UL subframe bitmap parameters (see table below). The potential introduction of these additional means for LTE-M resource reservation seems to be viewed rather favorably, although there seem to be somewhat different views regarding whether the reservation should be dynamic or semi-static.
Feature lead recommendation:
· RAN1 continues to study semi-static LTE-MTC resource reservation for improved coexistence with NR SSB, NR CORESET, NR CSI-RS, and NR TRS.
· RAN1 continues to study both semi-static and dynamic LTE-MTC resource reservation for improved coexistence with other NR transmissions than NR SSB, NR CORESET, NR CSI-RS, and NR TRS.
· [bookmark: _GoBack]RAN1 continues to study how to handle potential collision between LTE-MTC transmissions and NR URLLC related transmissions.
	[2] Huawei, HiSilicon
	Proposal: Dynamic resource reservation should be supported in LTE-MTC and the reserved resource granularity is FFS.

	[3] Ericsson
	Observation: It may be beneficial to introduce reserved resources in LTE-M to enable rate matching around NR resources, such as, for example initial CORESET, CSI-RS and TRS.
Proposal: RAN1 to study suitable mechanism for reserving resources in LTE-M to accommodate at least some of an NR initial CORESET, NR CSI-RS and NR TRS.

	[4] ZTE
	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
Observation: Compared with legacy LTE, due to repetition of LTE-MTC transmission, collision between LTE-MTC transmission and NR URLLC may be more serious.
Proposal: For LTE-MTC transmission, dynamic signaling in DCI is used to indicate downlink puncturing information.
Proposal: For LTE-MTC transmission, a dedicated control information is used to indicate uplink muting information.

	[5] Nokia, Nokia Shanghai Bell
	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: Invalid subframe bitmap can be used by legacy UEs to avoid NR transmissions and eMTC reserved resources.
Observation: eMTC transmission can be dropped in reserved resources.
Observation: eMTC reserved resource can be used to exclude the OFDM symbols of SSB and NR-PDCCH.

	[7] Qualcomm Incorporated
	Observation: Resource reservation at subframe level for LTE-MTC may not efficiently support NR URLLC. 
Proposal: For LTE-MTC coexistence with NR, the slot or symbol level resource reservation shall be supported to allow LTE-MTC transmission in a portion of the subframe.
Observation: Reserving fixed resources for LTE-MTC may not efficiently support dynamic TDD for NR. 
Proposal: Support resource reservation for LTE-MTC using flexible NR resources.
Proposal: The time domain granularity of the valid subframe configuration for Rel-16 LTE-MTC UE can also include 0.5ms, 0.25ms or 0.125ms dependent on the subcarrier spacing of NR.



One contribution proposes to consider potential synergies with the WI objective on Stand-alone LTE-M operation (see table below). RAN1#94bis has already agreed that “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”.
	[3] Ericsson
	Proposal: RAN1 considers potential synergies between LTE-M resource reservation for the purpose of NR coexistence (one of the WI objectives) and flexible MPDCCH/PDSCH usage in the LTE control region for the purpose of Stand-alone LTE-M operation (another WI objective).



LTE-M overhead reduction
Four contributions discuss CRS overhead and potential reduction of CRS transmission (see table below).
	[2] Huawei, HiSilicon
	Proposal: CRS reduction should be studied for eMTC and NR coexistence.

	[4] 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%.

	[5] Nokia, Nokia Shanghai Bell
	Observation: CRS reduction is beneficial but will not be backward compatible with legacy UEs.

	[6] LG Electronics
	Observation: While eMTC should cover parts of mMTC use cases (e.g., LPWAN) for 5G in NR bands, the current eMTC system cannot efficiently coexist with NR since frequent and/or heavy always-on signals and channels (e.g., CRS, PBCH, SIBs, paging, RAR, and so on) are transmitted in eMTC carrier whereas they can be turned on and off per carrier by eNB’s configuration in NB-IoT systems



Five contributions discuss frequency hopping of transmissions related to e.g. system information and paging and potential mitigation of the impact of the frequency hopping on the coexistence with NR (see table below).
	[2] Huawei, HiSilicon
	Observation: More than 50% performance gain can be obtained for frequency hopping enhancement.
Proposal: Frequency hopping for eMTC SIB1 can be discussed in order to have a better coexistence with NR.

	[4] ZTE
	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.

	[5] 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.

	[6] LG Electronics
	Observation: NR system cannot efficiently coexist with eMTC especially when the system bandwidth of eMTC is large (e.g., larger than 5MHz) due to various hopping patterns in terms of time-frequency resource for many different types of eMTC downlink channels (e.g., SIBs, paging MPDCCH/PDSCH, and so on)

	[7] Qualcomm Incorporated
	Proposal: For improving the performance of NR and LTE-MTC coexistence, the enhancements on paging frequency hopping can be considered



Five contributions discuss various forms of LTE-M transmission in narrowbands with reduced CRS overhead or reduced impact from frequency hopping (see below). Some of the contributions mention potential LTE-M transmission outside the legacy LTE system bandwidth.
Feature lead recommendation:
· RAN1 continues to study potential support of LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.) while supporting legacy LTE-MTC transmission for legacy LTE-MTC UEs within the legacy LTE system bandwidth.
· RAN1 discusses whether to also consider non-backwards-compatible approaches for reduced CRS overhead or reduced impact from frequency hopping.
	[3] Ericsson
	Observation: LTE-M transmission outside the LTE system bandwidth may enhance the NR resource efficiency in coexistence with LTE-M by reducing overhead of, e.g., CRS and SIB1-RB frequency hopping. However, benefits and feasibility may require further RAN1 and RAN4 studies.

	[4] ZTE
	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.
· LTE-MTC UEs access the system from the bandwidth including CRS REs while data transmission can be operated in larger bandwidth.
Proposal: To improve the performance of coexistence of LTE-MTC with NR, restricting the bandwidth for SIB1-BR frequency hopping and network access of LTE-MTC UEs to guarantee the bandwidth for data scheduling is considered.

	[5] Nokia, Nokia Shanghai Bell
	Observation: Transmission outside of legacy LTE system bandwidth for Rel-16 and beyond UE can improve LTE-NR coexistence. This, however, would require significant changes to the specifications.

	[6] LG Electronics
	Proposal: For the future proof design of eMTC in respect of efficient coexistence between eMTC narrow band carrier(s) and NR carrier(s), RAN1 also studies non-backward compatible eMTC narrow band carrier(s) e.g., having the following aspects
· Turning on or off always-on signals and/or channels of eMTC (e.g., CRS, PBCH, SIBs, and so on)
· Flexible configuration of eMTC narrow bands (e.g., RB grids in the narrow bands and/or channel raster of eMTC narrow band carrier)
· Cooperation between backward compatible eMTC narrow band carrier(s) and non-backward compatible eMTC narrow band carrier(s)

	[7] Qualcomm Incorporated
	Proposal: LTE-MTC transmission outside the LTE system bandwidth can be supported by configuring two system bandwidths for LTE-MTC.
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