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1 Introduction
In WID [1], one of the objectives of improvements for machine-type communications for BL/CE UEs is as below:
Coexistence with NR:
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]

In this paper, we present an overview of the scenario where the LTE-MTC co-existing with NR within a NR carrier.
2 Discussion
As the LTE-M service is delivered within an LTE carrier, the discussion in general will follow the generic framework of the co-existing between NR and LTE. The focus of co-existing LTE and NR is to deploy MTC service within a NR carrier. The main benefit of the deploy MTC service within NR carrier is that the MTC legacy devices and services will be migrated to the 5G network smoothly without backward compatibility issue. The following factors are considered to differentiate different deployment scenarios:
1. Multiplexing mode between NR and LTE-M

2. FDD/TDD band 

2.1 Scenarios 
2.1.1 FDM multiplexing between LTE-M and NR for FDD band
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Figure 1: FDM co-existing between LTE-M and NR for FDD band
R15 NR can be configured with reserved resources in time and frequency domain with OFDM symbol and PRB granularity using the symbol bit-map 2 and PRB bit-map 1. This makes it possible in a NR carrier to reserve an LTE frequency carrier within a NR carrier providing that NR carrier bandwidth is greater than LTE carrier bandwidth. In this way of coexistence through FDM multiplexing, NR UE will be aware about the reserved resource and thus the LTE transmission at reserved PRB will be ignored. LTE legacy UE will not be aware about the NR carrier so LTE service will be preserved.   
For NR compatible with the LTE numerology, with DFT-spread OFDM with 15 kHz SCS, the LTE-M UE numerology is the same with NR UE with SCS=15kHz except with the 7.5kHz shift in uplink between LTE and NR. This 7.5kHz shift will make the subcarrier of NR UE and LTE-M not aligned at receiver side. As the NR R15 introduced a configurable 7.5kHz shift for uplink for NR FDD band, the subcarrier from LTE-M and NR UE will be aligned and this will not be an issue to co-existing with LTE-M and NR.
Observation #1: Legacy LTE-M device can be supported for FDD band by NR with forward/backward compatibility.
Observation #2: Legacy LTE-M bandwidth should be less or equal than NR bandwidth so R15 NR reserve resource feature can be used for co-existing between LTE and NR.
Observation #3: Legacy LTE-M device numerology is the same as for NR with SCS=15kHz except there is 7.5kHz uplink shift in the waveform.

Observation #4: NR FDD introduced a configurable 7.5kHz shift in uplink which makes it subcarrier aligned with LTE-M in uplink. 

2.1.2 TDM multiplexing between LTE-M and NR for FDD band
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Figure 2: TDM co-existing between LTE-M and NR for FDD band
In TDM co-existing, NR and LTE operate independently in frequency domain. Due to the need of the CRS transmission from LTE every subframe, NR can only be transmitted at symbols within the subframe where there is no LTE transmission scheduled.  The same NR feature which reserves the symbols in time domain need to be configured. 
In this TDM sharing in FDD band, it will be more proper for LTE BW to be configured the same as the NR BW, otherwise if the NR is configured with wider BW than LTE, there will be part of the frequency resources in NR that LTE cannot use, and this part of frequency cannot be used by NR neither when LTE is scheduled in TDM sharing, which makes NR frequency resource utilization low. As the BS is operating in LTE and NR independently in time domain, there is no RF impact foreseen.
Observation #5: For TDM multiplexing between LTE-M and NR, configuring wider NR bandwidth than LTE-M will make frequency utilization low.
Observation #6: No RF impact at TDM multiplexing between LTE-M and NR for FDD band is foreseen.
2.1.3 TDM multiplexing between LTE-M and NR for TDD band
There are 7 DL-UL configurations for LTE TDD band according to 36.211 Table 4.2-2 below, which means that for co-existing between NR and LTE-M, the NR TDD configuration needs to be configured according to the LTE TDD configuration. 

With TDM sharing between NR and LTE-M in TDD band, in an uplink or downlink slot only NR or LTE-M will be scheduled at a time, not at the same time, which means LTE and NR operate orthogonally in time domain. 
There are TDD transmission ON/OFF mask requirements for NR BS and LTE BS. The transient period in NR is shorter than LTE, so it would not be problem for NR and LTE-M co-existing.
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Uplink - downlink    configuration  Downlink - to - Uplink    Switch - point periodicity  Subframe number  

0  1  2  3  4  5  6  7  8  9  

0  5 ms  D  S  U  U  U  D  S  U  U  U  

1  5 ms  D  S  U  U  D  D  S  U  U  D  

2  5  ms  D  S  U  D  D  D  S  U  D  D  

3  10 ms  D  S  U  U  U  D  D  D  D  D  

4  10 ms  D  S  U  U  D  D  D  D  D  D  

5  10 ms  D  S  U  D  D  D  D  D  D  D  

6  5  ms  D  S  U  U  U  D  S  U  U  D  

 


Observation #7: NR needs to configure the same LTE-M TDD DL-UL configuration for co-existing.
Observation #8: No RF impact at TDM multiplexing between LTE-M and NR for TDD band is foreseen.
2.1.4 FDM multiplexing between LTE-M and NR for TDD band
This case is similar to FDM co-existing within FDD band except that the NR needs to configure the same uplink-downlink configuration as LTE. R15 NR did not introduce configurable 7.5kHz uplink shift in TDD band. This means there needs to be some guard PRB between the LTE-M and NR because of subcarrier misalignment at BS receiver side. 
Observation #9: Legacy LTE-M device can be supported for TDD band by NR with introducing extra guard PRB between LTE-M and NR for uplink.
3 Conclusions

In this paper, we present an overview of the scenarios where the LTE-MTC co-existing with NR within a NR carrier with below observations:
Observation #1: Legacy LTE-M device can be supported for FDD band by NR with backward compatibility.
Observation #2: Legacy LTE-M bandwidth should be less or equal than NR bandwidth so R15 NR reserve resource feature can be used for co-existing between LTE and NR.
Observation #3: Legacy LTE-M device numerology is the same as for NR with SCS=15kHz except there is 7.5kHz uplink shift in the waveform.

Observation #4: NR FDD introduced a configurable 7.5kHz shift in uplink which makes it subcarrier aligned with LTE-M in uplink. 

Observation #5: For TDM multiplexing between LTE-M and NR, configuring wider NR bandwidth than LTE-M will make frequency utilization low.

Observation #6: No RF impact at TDM multiplexing between LTE-M and NR for FDD band is foreseen.

Observation #7: NR needs to configure the same LTE-M TDD DL-UL configuration for co-existing.
Observation #8: No RF impact at TDM multiplexing between LTE-M and NR for TDD band is foreseen.

Observation #9: Legacy LTE-M device can be supported for TDD band by NR with introducing extra guard PRB between LTE-M and NR for uplink.
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