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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 our investigation on the channel raster the LTE-MTC co-existing with NR within a NR carrier.
2 Discussion
Scenarios 

In [2], the scenarios of the different co-existing cases with LTE-M and NR are discussed. In this paper, only coexistence through FDM multiplexing in FDD band is considered.
Channel and SSB Raster
In NR, an SSB raster is defined beside the channel raster. For the co-existing between LTE-M and NR, the SSB needs to be configured at a frequency location not overlapping with the 6 PRB in the middle of the LTE system bandwidth, so that collision in frequency domain between the LTE “always on” signal with NR “always on” signal SSB will be avoided.
The SSB signal spans 20 PRB in frequency domain and 4 symbols in the time domain. As the 5MHz BW has 25 PRB in total and LTE “always on” is 6 PRB wide, it is not possible to avoid overlap in 5MHz. It is recommended that for NR co-existing with LTE-M, the minimal NR BW should be greater than 5MHz.

Proposal #1: Avoid the LTE “always on” signal in the center 6 PRB on the SSB configuration.

Proposal #2: Recommend configuring >= 10MHz of NR channel bandwidth for co-existing with LTE-M to avoid the collision of the NR and LTE “always on” signal.
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Figure 1: Minimal guard band for LTE and NR

As the LTE UE A-MPR is calculated using 5% minimal guard band to the channel edge as shown in Figure 1, this guard band needs to be kept when choosing LTE EARFCN within a NR carrier. NR has less minimal guard band, so it is possible to move an LTE carrier even closer to the channel edge. This should be avoided so legacy UE back-off power can be used at no risk of violating regulatory requirement.
Proposal #3: Assume 5% guard band to channel edge when configuring the LTE EARFCN within an NR carrier.
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Figure 2: LTE EARFCN configuration within NR carrier

In LTE channel raster setting in downlink, there is a DC subcarrier where the LTE EARFCN coincides with the center of this subcarrier. As the NR channel raster definition considers the co-existing with 100kHz channel raster and subcarrier alignment with LTE, for the NR bands that support the LTE-M co-existing with 100kHz channel raster for FDD band, the LTE EARFCN can coincide with NR ARFCN at the same frequency location on the center of NR carrier. 
If LTE is configured with other EARFCN than the center of NR carrier, due to the subcarrier alignment and 100kHz raster, the next EARFCN will be 300kHz away from the center one which is the common multiple of 15kHz and 100kHz. In Figure 2, an example is given for a 10MHz NR carrier and a 5 MHz LTE carrier. In this example, the number of other possible LTE carrier configuration positions at one side of half of NR carrier will be 7.  

(nPRB_nr -nPRB_lte-2)/2 / (300/180) = 7.4 
where nPRB_nr = 52, nPRB_lte = 25, and the -2 PRB are there to keep the 10% LTE guard band. The total of the possible LTE carrier positions (BW=5MHz) within a NR carrier (BW=10MHz) will be 15.
For LTE uplink, the carrier frequency is located between 2 subcarriers with a 7.5kHz shift. Since NR FDD bands support a configurable 7.5kHz shift, it will be no problem for the subcarrier alignment of NR and LTE.

Observation #1: LTE carrier frequency point will have integer number of 300kHz spacing relative to the center of the NR ARFCN point. 
3 Conclusions

In this paper, we present our investigation on the channel raster the LTE-MTC co-existing with NR within a NR carrier with the following observation and proposal:
Proposal #1: Avoid the LTE “always on” signal in the center 6 PRB on the SSB configuration.

Proposal #2: Recommend configuring >= 10MHz of NR channel bandwidth for co-existing with LTE-M to avoid the collision of the NR and LTE “always on” signal.
Proposal #3: Assume 5% guard band to channel edge when configuring the LTE EARFCN within an NR carrier.

Observation #1: LTE carrier frequency point will have integer number of 300kHz spacing relative to the center of the NR ARFCN point. 
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