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1. Introduction
In the RAN #80 meeting, the following Rel-16 MTC enhancement for LTE was approved as part of a work item [1]. 
Coexistence with NR:
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]
Agreements which have been made in RAN1 meetings are listed in the table below, and (sub-)bullets relevant to topics dealt with in the document are highlighted in blue.
	RAN1#94bis
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
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 
· 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


In this contribution, we share our views on coexistence of LTE-MTC with NR in Rel-16 enhancement for LTE-MTC.
2. Discussion
Considering the long lasting lifetime of MTC devices, study on coexistence of LTE-MTC with NR is considered important because the LTE-MTC service is being deployed in LTE frequency bands some of which are expected to be re-farmed into NR bands no later than then end of LTE-MTC devices’ lifetime. Any critical issues, if any, should be discovered and resolved at the earliest possible release so that it guarantees the continuation of business in 10+ years and therefore is considered important for the success of early deployment of the MTC service.
As NR has been designed taking into account coexistence scenarios with LTE systems from Day-1, NR and LTE systems are expected to be concurrently serviced without critical issue while partially or fully sharing certain spectrum. However, due to some MTC-specific features such as a large number of repetitions and various frequency hopping patterns in terms of time/frequency, the two significant issues were identified [3][4].
2.1. PRB grid alignment
One of the outstanding differences between LTE and NR is that how the DC is treated in downlink transmission. In LTE downlink, DC subcarrier is defined but left empty in NR downlink. The consequence is that the PRB grid of LTE is not aligned with NR. Even for the simplest case, we can imagine that the DL minimum system bandwidth (1.4MHz) of LTE-MTC device occupies the center 6 PRBs with 73 subcarriers (1 DC subcarrier + 36 subcarriers on both sides) from NR point of view which has 1 more subcarrier than 6 PRBs in NR. 
Observation 1) 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.

In order to cope with issue arising from PRB grid misalignment, rate-matching NR PDCCH/PDSCH around the REs at the outermost subcarrier (this 1 outermost subcarrier is called “outlying” subcarrier hereafter) crossing the NR PRB grid can be considered. However, according the definition of RateMatchPatternLTE-CRS in TS38.311, the RE-level rate matching supported by the current NR for the coexistence with LTE does not take into account REs other than LTE CRS or CSI-RS ones. As an alternative, puncturing of the eMTC MPDCCH/PDSCH REs at the outlying subcarrier can be taken. In this case, the RE mapping is based on the LTE-MTC NB (occupying 73 subcarriers from NR point of view and including the outlying subcarrier) and then the REs at the outlying subcarrier is not transmitted. Or alternatively rate-matching of the REs around the outlying subcarrier can be considered. The outlying subcarrier is excluded from the RE mapping in this case and not transmitted. For both cases (puncturing and rate-matching), CRS at the outlying subcarrier are transmitted for eMTC receiver performance and the CRS REs can be avoided by the aforementioned RE-level rate matching from NR perspective.
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
· 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

2.2. eMTC operation with narrowband hopping
eMTC features frequency hopping when its system bandwidth is larger than 1.4MHz, and the frequency hopping patterns are defined by set of many different parameters. As pointed out by [4], it will cause a significant waste of resources in NR, and it gets serious as eMTC system bandwidth increase.
Observation 2) 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)

Although one may say that the PRB-level rate matching mechanism in NR can be used as an ad hoc solution in such a case, what we need to keep in mind is that the maximum number of RateMatchPattern IEs in TS38.331 which can be configured for PRB-level rate matching is limited to 4 and not enough to cover all time/frequency resource hopping patterns of eMTC. In order words, gNB may have to allocate larger time/frequency resource than actual one used by eMTC to NR rate matching unit.
Another simple way to overcome or avoid the above issue is deploying eMTC system by using multiple narrow band carriers, for example, 1.4MHz system bandwidth per carrier, so that frequency hopping is restricted within each narrow band or disabled. This approach, needless to say, leads to the following negative impacts on the eMTC system.
· Performance loss in terms of throughput
· due to the loss of frequency diversity gain
· Capacity loss in terms of the number of devices which is one of key performance indicators for mMTC use case
· due to the increase of the entire resource overhead required for broadcasting channel transmissions (e.g., CRS, PBCH, SIBs, paging, RAR, and so on) per carrier

Observation 3) 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

As can be seen from the above, to avoid suffering from performance degradation when NR and eMTC are concurrently serviced over overlapped spectrum, we can borrow an idea of deploying multiple narrow band carriers with anchor- and non-anchor carrier concepts from NB-IoT systems. Besides, there are already three different operation modes in NB-IoT. We believe that NB-IoT system can successfully coexist with NR thanks to the support of multiple narrow band carriers without much resource overhead. For instance, NB-IoT system allows operators to add carriers when there is a need to increase capacity while maintaining almost the same system overhead such as NPSS, NSSS, NPBCH, SIB-NBs, and so on. Based on these aspects, eMTC needs to adopt multi-carrier operation (i.e., multiple narrow band carriers) and even evolve further toward non-inband operation mode for the future proof design of eMTC in respect of efficient coexistence with NR. Note that one of mMTC use cases (LPWAN) for 5G in NR bands is supposed to be substituted with eMTC in LTE track.
[bookmark: _GoBack]Fig.1 shows an example of coexistence scenario between NR and multiple eMTC narrow band carriers. Here nBC-MTC and BC-MTC represents non-Backward Compatible eMTC and Backward Compatible eMTC, respectively. As a simple example, post-Rel.15 eMTC UE may be able to access to the network upon BC-MTC carrier first, and then can be redirected to nBC-MTC carrier which Rel.15 eMTC UE may not be able to find because parts or all of always-on signals/channels (e.g., CRS, PBCH, SIBs, and so on) can be turned off upon nBC-MTC carrier.
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Figure 1. An example of coexistence between NR and multiple MTC narrow band carriers

Proposal 2) 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)

3. Conclusion
In this contribution, we discussed the potential issues related to coexistence of LTE-MTC with NR in Rel-16 enhancement for LTE-MTC. Observations and proposals are as follows.
Observation 1) 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.
Observation 2) 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)
Observation 3) 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
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
· 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
Proposal 2) 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)
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