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1 Introduction

In RAN #80 meeting, new WID on Rel-16 MTC enhancements for LTE was agreed [1] and revised in RAN #82 meeting. One of the objectives is studying LTE-MTC coexistence with NR:

· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]

In RAN1 #95 meeting, the following agreements were approved on coexistence of LTE-MTC and NR.

	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.

· 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

· 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


In this contribution, we will provide our consideration on issues related to coexistence of LTE-MTC with NR.
2 Discussion

Coexisting deployment of NR and LTE-MTC can be refer to the deployment of NR and NB-IoT [2]. That is, LTE-MTC and NR can be seen as two independent systems without requirements on interface information exchanging. The concept of operation modes, such as standalone/guard-band/in-band can also be considered for LTE-MTC and NR deployment. Among the operation modes, as NR guardband may be not big enough for being used by eMTC, we can only focus on standalone/in-band modes and the related issues need to be identified.

2.1 Adjacent deployment between LTE-MTC and NR 
The aadjacent deployment between NR and LTE-MTC is similar with that between NB-IoT and NR. As subcarrier spacing for eMTC is also 15 Khz and several kinds of subcarrier spacing (15 Khz/30 KHz/120 KHz/240 KHz) could be supported in NR system, the following two deployment ways as shown in figure 1 need to be considered.
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Figure 1: Adjacent NR and LTE-MTC deployment

If subcarrier spacing used by NR is other than 15 kHz, the guard frequency gap between NR carrier and LTE-MTC carrier may be needed in order to avoid the possible interference caused by subcarrier or PRB grids misalignment (as Figure 1(a)). If NR and LTE-MTC would use same frequency spacing, such gap can be zero (as Figure 1(b)).

For both the adjacent deployment without guard frequency gap or with guard frequency gap, no additional RAN2 specification impacts are identified. The deployment performance can be guaranteed based on implementation configuration.

Observation 1: For adjacent deployment between NR and LTE-MTC, if subcarrier spacing with 15 kHz is used in NR, LTE-MTC can be located closely adjacent to NR. No additional RAN2 specification impacts are identified. 

Observation 2: If subcarrier spacing other than 15 kHz is used in NR, the guard frequency gap may be needed between LTE-MTC and NR in order to avoid the possible interference caused by subcarrier or PRB grids misalignment. No additional RAN2 specification impacts are identified.  
Proposal 1: The adjacent deployment of LTE-MTC with NR should be supported and no RAN2 specification impacts are identified.

2.2 In-band deployment of LTE-MTC within NR

The in-band deployment of LTE-MTC within NR can also be referred to that for NB-IoT and NR. But the difference is, the frequency bandwidth of LTE-MTC is not so narrow, it’s not easy for NR to provide totally “clean” resources with 1.4M, or even 5M for LTE-MTC. So the overlapping in-band deployment may be the more possible deployment option. 

Basically, for overlapping in-band deployment, the LTE-MTC transmission can be prohibited in some resources for regular NR transmission, with the similar mechanism of invalid time/frequency resources configuration. Furthermore, as the NR scheduling for NRLLC service may need more resources and such scheduling may be very dynamical, LTE-MTC scheduling would also be dynamically postponed if there exists scheduling collision between LTE-MTC and NR. 

Proposal 2: The in-band deployment of LTE-MTC with NR also need to be supported. For overlapping in-band deployment, the mechanism of invalid time/frequency resources configuration can be considered as baseline with additional consideration on dynamical configuration.

With the similar consideration as that for adjacent deployment between LTE-MTC and NR, if the subcarrier spacing of NR is other than 15 kHz, there may also need guard frequency gap between the edge of NR carrier and LTE-MTC carrier, as shown in Figure 2 (a). Otherwise, both edges of the LTE-MTC carrier can be closely connected to the edge of NR carrier, as shown in Figure 2 (b).
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Figure 2: In-band coexistence of LTE-MTC and NR system
Moreover, NR has very flexible resource allocation. With Bandwidth Adaptation (BA), the receiving and transmitting bandwidth of a UE need not be as large as the bandwidth of the cell and can be adjusted. A UE can be configured with up to four bandwidth parts (BWP). Only one UL BWP for each uplink carrier and one DL BWP or only one DL/UL BWP pair need to be activated at a time in an active serving cell, all other BWPs that the UE is configured with being deactivated. 
For the overlapping in-band deployment of LTE-MTC within NR, we think it may be better to locate the LTE-MTC carrier within a BWP, e.g., not across a BWP in order try to simplify the scheduling complexity and reduce impacts on NR resource utilization. Also if the whole BWP is disabled it may be easy to achieve non-overlapping in-band deployment. 

2.3 Issue related to in-band deployment without guard frequency gap

According to the analysis in above section, the overlapping in-band deployment may be the more possible option for in-band deployment of LTE-MTC within NR. Especially, for the In-band deployment of LTE-MTC within NR without guard frequency gap, the NR carrier and LTE-MTC will share the same frequency domain resources. One issue to be handled is how to guarantee the performance of LTE-MTC and NR when they share the same frequency resource. We think improvements on LTE-MTC resource allocation are needed. Maybe Time Division Multiplexing (TDM) would be simple for solving the issue and two kinds of TDM can be considered: Semi-Persistent TDM or Dynamic TDM. 

For Semi-Persistent TDM, as shown in Figure 3 (a), considering that MTC services are not sensitive to latency, subframe level resource reservation in LTE-MTC can be considered. A bitmap mechanism for resource allocation has already been supported for downlink transmission in the legacy LTE-MTC. Therefore, the bitmap mechanism can be reused for Semi-Persistent TDM and no other impacts to RAN2. For Dynamic TDM, as shown in Figure 3 (b), it’s mainly for the case that delay sensitive URLLC services need to be scheduled at the time when LTE-MTC UEs also need to be scheduled. With Dynamic TDM, the NR UEs should be dynamically scheduled with higher priority.
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Figure 3: In-band coexistence of LTE-MTC and NR system
Proposal 3: The TDM (e.g. Semi-Persistent TDM or Dynamic TDM) scheme should be considered for in-band deployment of LTE-MTC within NR without guard frequency gap. 
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: For adjacent deployment between NR and LTE-MTC, if subcarrier spacing with 15 kHz is used in NR, LTE-MTC can be located closely adjacent to NR. No additional RAN2 specification impacts are identified. 

Observation 2: If subcarrier spacing other than 15 kHz is used in NR, the guard frequency gap may be needed between LTE-MTC and NR in order to avoid the possible interference caused by subcarrier or PRB grids misalignment. No additional RAN2 specification impacts are identified.  
Proposal 1: The adjacent deployment of LTE-MTC with NR should be supported and no RAN2 specification impacts are identified.
Proposal 2: The in-band deployment of LTE-MTC with NR also need to be supported. For overlapping in-band deployment, the mechanism of invalid time/frequency resources configuration can be considered as baseline with additional consideration on dynamical configuration.
Proposal 3: The TDM (e.g. Semi-Persistent TDM or Dynamic TDM) scheme should be considered for in-band deployment of LTE-MTC within NR without guard frequency gap.
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