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1.
Introduction

The revised WID on Additional MTC enhancements for LTE was approved at TSG RAN #82 [1]. One of the objectives of this WI is to study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR.
This contribution provides our recommendations on the possible issues related to coexistence of LTE-MTC with NR.
2.
Discussion

RAN1 discussion on the coexistence between LTE-MTC and NR was started at RAN1#94, with the conclusion [2]: 

· From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and eMTC. 

· RAN1 studies additional specification enhancement for improving the performance of coexistence of eMTC with NR.
Impact due to LTE-M performance enhancements (Rel-16) 

RAN1 progressed the discussion at RAN1#94bis and concluded [2]: 

· 
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.
Therefore, RAN4 should discuss if the usage of LTE control channel region for MPDCCH/PDSCH has an impact on the co-existence when LTE-MTC is deployed within an NR carrier. As this enhancement is targeted to make use of otherwise unused symbols in this deployment mode and thus will increase the throughput of MPDCCH, resource usage for eMTC is more efficient. Whether this is seen to have an impact on resource sharing with NR, should be awaited from observed RAN1 performance gains. Our recommendation is to study coexistence in RAN4 without including this improvement. The same applies for MPDCCH performance improvements based on usage of CRS or DMRS.
Recommendation 1:

Performance improvements for MPDCCH / PDSCH (usage of LTE control channel region, usage of CRS and DMRS) as investigated for Rel-16 will not be considered in the co-existence study. 
Subcarrier and resource block alignment

RAN1 progressed the discussion at RAN1#95 in view of subcarrier and resource block alignment between LTE-M and NR for the deployment scenario, when LTE-MTC is deployed within an NR carrier. Due to the LTE DC subcarrier downlink resource block alignment is not possible on one of the edges of the LTE-MTC bandwidth. Thus, RAN1 concluded [2]:
· 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.

Therefore, RAN4 should discuss if the option to use a portion of the NR guard for LTE-MTC will be studied and if yes, should reach agreement for which NR channel bandwidths (range 5 to 50 MHz for 15 kHz SCS) the partial usage of the NR guard band will be considered. RAN4 should also discuss the UL subcarrier mismatch in TDD (same as between LTE and NR).
Recommendation 2:

The use of a portion of the NR guard band for LTE-MTC should be part of the co-existence study and should be studied for different NR channel bandwidths (range 5 to 50 MHz). UL subcarrier mismatch in TDD between LTE-MTC and NR should be discussed as well.
Resource configuration
RAN1 progressed the discussion at RAN1#95 in view of resource configuration / reservation / allocation for LTE-MTC deployed within an NR carrier and came to following conclusion [2]: 
· 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
Therefore, RAN4 should discuss if the resource configuration enhancements investigated by RAN1 have an impact on the co-existence when LTE-MTC is deployed within an NR carrier. 
Recommendation 3:

Performance improvements due to resource configuration enhancements such as reservation of RBs for LTE-MTC will not be considered in the co-existence study. 

CRS reduction and frequency hopping 

RAN1 progressed the discussion at RAN1#95 in view of CRS reduction and frequency hopping for LTE-MTC and came to following conclusion [2]:
· RAN1 to study 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
Therefore, RAN4 should discuss if these enhancements investigated by RAN1 have an impact on the co-existence when LTE-MTC is deployed within an NR carrier. 
Recommendation 4:

Performance improvements due to CRS reduction and frequency hopping for LTE-MTC will not be considered in the co-existence study. 
Power boosting for LTE-MTC 
· Power boosting is used for LTE-MTC Rel-15 (for MWUS) and is also under discussion in RAN1 for LTE-MTC Rel-16 enhancements such as group MWUS. Thus, impacts from power boosting (i.e. study if the 6 dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR) for LTE-MTC for usage within an NR carrier and in the partial guard band, i.e. close to the NR CBW edge or operator’s band edge need to be studied in greater detail. 
Recommendation 5:

Consider impact of power boosting for LTE-MTC to adjacent NR allocations, for LTE-MTC allocations in the NR CBW, in its guard band and located at operator’s band edge.  
Subcarrier spacing 
· 15kHz, 30kHz, and 60kHz numerologies are defined for NR FR1 concerned bands. 
Recommendation 6:

· Higher priority should be given first to 15kHz and then to 30kHz.
Channel raster 

· Study feasible LTE-MTC carrier 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. Two types of channel raster are specified for NR in FR1, namely the E-UTRA 100kHz based and the SCS based channel raster depending on the operating bands. The feasible LTE-MTC carrier placement within the NR carrier (migrated from the hosting E-UTRA carrier, avoiding overlap with NR SSB) or adjacent to the NR carrier would be different for these two types of channel raster. Therefore, it is important that both types of channel raster will be included for the coexistence study.
Recommendation 7:

Both (100kHz and SCS based) types of channel raster will be included for the coexistence study.
Combination of eMTC with NR in the CBW of an NR carrier 

Moreover, when the hosting E-UTRA carrier is migrated to NR, it should be discussed and decided whether the remaining original in-band LTE-MTC carrier shall be classified as stand-alone LTE-MTC carrier, and thus the corresponding requirements and tests for stand-alone LTE-M carrier shall apply, e.g. whether Foffset, RAT of 900 kHz for LTE 1.4 MHz in BC1/BC3 and 700 kHz in BC2 shall apply for BS unwanted emission requirements and tests.

Recommendation 8:

Discuss and decide when the hosting E-UTRA carrier is migrated to NR, whether the remaining original in-band LTE-MTC carrier shall be classified as stand-alone LTE-MTC carrier, and thus the corresponding requirements and tests for stand-alone LTE-MTC carrier shall apply.
3.
Conclusion

This contribution proposes our recommendations on the possible issues related to coexistence of LTE-MTC with NR, which are summarized as follows:
Recommendation 1:

Performance improvements for MPDCCH / PDSCH (usage of LTE control channel region, usage of CRS and DMRS) as investigated for Rel-16 will not be considered in the co-existence study. 

Recommendation 2:

The use of a portion of the NR guard band for LTE-MTC should be part of the co-existence study and should be studied for different NR channel bandwidths (range 5 to 50 MHz).
Recommendation 3:

Performance improvements due to resource configuration enhancements such as reservation of RBs for LTE-MTC will not be considered in the co-existence study. 

Recommendation 4:

Performance improvements due to CRS reduction and frequency hopping for LTE-MTC will not be considered in the co-existence study. 
Recommendation 5:

Consider impact of power boosting for LTE-MTC to adjacent NR allocations, for LTE-MTC allocations in the NR CBW guard band and located at operator’s band edge.  

Recommendation 6:

· Higher priority should be given first to 15kHz and then to 30kHz.
Recommendation 7:

Both (100kHz and SCS based) types of channel raster will be included for the coexistence study.
Recommendation 8:

Discuss and decide when the hosting E-UTRA carrier is migrated to NR, whether the remaining original in-band LTE-MTC carrier shall be classified as stand-alone LTE-MTC carrier, and thus the corresponding requirements and tests for stand-alone LTE-MTC carrier shall apply.
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