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Discussion and Decision
1 Introduction

LTE eMTC is a key component of NR massive MTC technology and has been shown to be able to satisfy 5G mMTC requirements. In Rel-16, it was agreed to study NR and LTE specifications to identify possible issues related to coexistence of eMTC with NR. In this contribution, we consider this issue from RAN1 perspective.
2 eMTC Coexistence with NR
LTE eMTC is a key component of NR massive MTC technology and has been shown to be able to satisfy 5G mMTC requirements. Currently, eMTC can be deployed only in in-band operation with LTE carrier. It is expected that eMTC UEs will be around for a long time (e.g. water/power meters can have a lifetime of 10-15 years or more). As LTE systems are re-farmed to NR, there would be no need to support broadband LTE UEs. However, LTE eMTC UEs would still need to be supported. Thus, LTE eMTC carrier can be deployed as a separate carrier or within an NR carrier as shown in Figure 1.
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Figure 1. Re-farming of LTE spectrum to (a) NR with 1.4 MHz LTE eMTC carrier and (b) separate NR and 1.4 MHz LTE eMTC carrier.

In general, deploying IoT carrier within NR carrier may be more desirable compared to deploying separate IoT and NR carriers as NR does not support bandwidth smaller than 5 MHz. For instance, in Figure 1, 10 MHz LTE carrier can be re-farmed to 10 MHz NR carrier with eMTC taking up 1.4 MHz plus appropriate guard-band (if required) thus leaving approximately 8 MHz to NR. However, if separate carriers are used, eMTC will take up 1.4 MHz while NR can only use 5 MHz, leaving approximately 4 MHz unused. Furthermore, deploying IoT carrier within NR carrier also allow load-balancing so NR can use more spectrum when IoT load is light.

To deploy eMTC within the NR carrier, LTE carrier with eMTC in-band must be used. Since eMTC must follow the 100 kHz raster, its placement within the NR is limited although this is not expected to be an issue. Different LTE bandwidth can be deployed based on expected eMTC load. In Figure 2, an example is shown for 3 MHz. Note that in this case, it’s not so efficient to deploy 2 eMTC narrowbands within the 3MHz LTE carrier due to the leftover PRBs. However, in our view, as there are no fixed NR signals or channels to be avoided, there is no need to define additional operation in eMTC to accommodate NR. A reserved time-frequency region, including possible guard if needed, can be used for eMTC. NR deployment is very flexible and can be configured via implementation not to overlap with eMTC. Furthermore, NR supports reserved time-frequency resource which can be configured such that NR transmission can be avoided in case of overlap. Therefore, from RAN1 perspective, we do not see any coexistence issue with placing stand-alone LTE eMTC carrier within NR carrier.
Observation 1: From RAN1 perspective, we do not see any coexistence issue with placing LTE eMTC carrier within NR carrier.
Note that eMTC can only deployed within a LTE carrier, which means that some OFDM symbol(s) reserved for LTE control region may be wasted. In addition, the narrowbands do no occupy all resource blocks. This reduces some efficiency. However, in Rel-15 flexible resource assignment was specified to allow eMTC UE to use PRBs outside the narrowbands. In addition, in Rel-16, stand-alone deployment for eMTC is being specified. This will enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs while still supporting legacy operation for legacy BL/CE UEs. Therefore, it is expected that the lost efficiency can be recaptured. 
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Figure 2. Re-farming of LTE spectrum to (a) NR with 3 MHz LTE eMTC carrier and (b) separate NR and 3 MHz LTE eMTC carrier.
3 Potential Enhancements
Although we do not see any coexistence issue with placing LTE eMTC carrier within NR carrier, there are potential enhancements that may be considered. In particular, three potential enhancements are promising –
· TDD enhancement to provide more dynamic TDD configuration

· Use of LTE control channel region for DL transmission 
· Adjustment to NR transmission in case of overlap with eMTC
These enhancements are briefly described below.

Dynamic TDD

For NR, dynamic TDD is a key feature. However, eMTC can only support LTE UL-DL TDD configurations which can only be changed in a semi-static basis. This would either restrict how NR TDD can be deployed or very large guard-bands would be required to minimize UL/DL interference. Both approaches will reduce NR system performance. To support dynamic TDD for NR, invalid subframe bitmap can be used to mark certain eMTC subframes as invalid. These subframes can then be used in a dynamic basis by NR. 
Observation 2: Invalid subframe bitmap can be used to support dynamic TDD usage by NR.
Marking eMTC subframes as invalid, however, will reduce eMTC efficiency. To minimize this loss, Rel-16 eMTC UE can be allowed to use these subframes as well. However, these subframes will now have to reused in a dynamic TDD basis. For example, a second bitmap can be used to mark subframes indicated as invalid in the first bitmap that can be used for Rel-16 IoT UE. Then symbol-level slot format indicator can be defined to allow Rel-16 IoT UE to use the invalid subframes in a dynamic TDD manner. This would reduce eMTC resource waste while supporting dynamic TDD.
Proposal 1: Subframes that are marked invalid subframes to support dynamic TDD for NR can also be used by eMTC (e.g. via another bitmap and/or symbol-level slot format indicator).
Note that dynamic TDD operation for eMTC can be on a subframe or symbol basis. Sub-frame level operation can easily be supported with minimal changes. However, symbol-level operation is not defined for eMTC so this must be introduced. However, it can also be done in a simple manner. For instance, the subframe can follow special subframe configuration defined in LTE which UE already know how to handle. Or these symbols may only be used as part of a repetition where symbols from previous subframes are repeated. Or the subframe can be constructed as before and unavailable symbols can be punctured out. 
Use of LTE control region
In addition, in Rel-16, stand-alone deployment for eMTC is being specified. This will enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs while still supporting legacy operation for legacy BL/CE UEs. This can be as simple as repeating DL transmission in the OFDM symbols that are currently reserved for LTE control region. Only 1 or 2 OFDM symbols would be available, depending on the bandwidth, and the repetition may be as simple as selecting the symbol(s) with the same CRS pattern for repetition. This can be done for UEs in both connected and idle mode as the repetition can always be there even if the UE is not aware of it. For example, the eNB can broadcast in eMTC System Information Block (SIB1-BR) whether the unused symbols and PRBs are available for use by Rel-16 UE. In this case, there would be performance improvement for Rel-16 UE while there would be no impact to legacy UE as they will ignore those symbols.
In addition to using the additional symbols for unicast and control messages, it may be possible to also use the additional symbols for broadcast and other messages. For instance, they can be used for new Rel-18 SIBs, to enhance wake-up signal, or to enhance synchronization signals [2]. A bitmap can be used to broadcast which subframes/symbols/PRBs are reserved for which purpose.
Observation 3: The symbols in LTE DL control region can be used for PDCCH, PDSCH, additional synchronization signal, or wake-up signal transmission.

For 5G IoT design, the mMTC will not be defined for enhanced coverage. Such the UE with the capability of supporting eMTC and NR is expected, If UE is in deep coverage, the module of eMTC will be in operation; when UE moves back to normal coverage, UE would handover to NR to boost the performance. In this case, the LTE DL control region can be used for system information transmission, e.g., SIB-NR, which NR assistance information is transmitted to help with fast switching from eMTC to NR.
Observation 4: The symbols in LTE DL control region can be used for system information transmission to accelerate switching from eMTC to NR.
Overlap of NR with eMTC
Generally, eMTC carrier placement would be done such that overlap with NR is avoided or minimized. This can limit the potential frequency locations that can be used for eMTC, especially for small NR bandwidth. For example, it is not expected that eMTC will overlap in time-frequency with NR SSB. While this does place some restrictions on eMTC, it is not expected to be a major issue.
Nonetheless, it is noted that slight modification can be made to NR to support eMTC deployment within NR SSB bandwidth. For example, SSB transmission may be arranged to exclude eMTC symbols. 
In the same way, it is possible to configure the eMTC carrier colliding with the PRB used for NR-PDCCH. This configuration allows NR-PDCCH to use continuous PRBs without gap configuration. In such cases, the eMTC configuration should have additional information to exclude the OFDM symbols of NR-PDCCH. 

Observation 5: With some modification to the SSB transmission at NR, it is possible to configure eMTC overlapping with the PRBs of SSB transmission.

4  Conclusions

In this contribution, we consider coexistence of eMTC with NR and make the following observations and proposals –
Observation 1: From RAN1 perspective, we do not see any coexistence issue with placing LTE eMTC carrier within NR carrier.
Observation 2: Invalid subframe bitmap can be used to support dynamic TDD usage by NR.
Observation 3: The symbols in LTE DL control region can be used for PDCCH, PDSCH, additional synchronization signal, or wake-up signal transmission.

Observation 4: The symbols in LTE DL control region can be used for system information transmission to accelerate switching from eMTC to NR.
Observation 5: With some modification to the SSB transmission at NR, it is possible to configure eMTC overlapping with the PRBs of SSB transmission.

Proposal 1: Subframes that are marked invalid subframes to support dynamic TDD for NR can also be used by eMTC (e.g. via another bitmap and/or symbol-level slot format indicator).
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