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1. Introduction

In RAN#90bis meeting, some initial aspects for coexistence between NR and NB-IoT were discussed, and a WF was approved [1]. Here we provided some part of the agreements in the wayforward.
- WF on system scenarios
- To clarify the current definition of NB-IoT operation modes when NB-IoT is deployed within NR channel bandwidth, including when spectrum is refarmed from E-UTRA to NR

- whether NB-IoT in-band or guard band operation without a hosting E-UTRA carrier would have backward compatibility impact on Rel’13/14/15 NB-IoT UE, which may expect the presence of a hosting E-UTRA carrier, especially for NB-IoT in-band operation
- Agreement on channel raster

- for NR bands with 100 kHz channel raster and 15 kHz SCS, subcarrier and PRB alignment can be achieved for NB-IoT operating in NR in-band.

- for NR bands with 15 kHz channel raster and 15 kHz SCS, subcarrier and PRB alignment can be achieved for NB-IoT operating in NR in-band.

- Ericsson/ZTE will provide TP in next meeting

In this contribution, we provide some operator’s view on this topic, and we hope that those aspects can be considered in the TR.
2. Further aspects on PRB alignment for NB-IoT operating in NR in-band with 15kHz SCS and 100kHz channel raster
Some studies regarding the PRB alignment for NB-IoT operating in NR in-band with 15kHz SCS and 100kHz channel raster were provided during previous RAN4 meetings[2][3][4]. And due to the absence of the DC carrier in NR, it was concluded that PRB alignment can be achieved for NB-IoT operating in NR in-band with some RB shift. However, the LTE PRB which can be used for NB-IoT in-band operation is restricted as in Table 1, not all the frequency points in the in-band NB-IoT channel raster are practical. After refarming LTE to NR, the in-band NB-IoT devices might result in operating in the frequency which is never been tested before if some RB shift is introduced. We are wondering whether those low cost devices will still keep the same performance and operate normally.
Table 1:  Allowed LTE PRB indices for cell connection in NB-IoT in-band operation
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So we think it is important to study and confirm whether the current supported carrier frequency for in-band NB-IoT can still be maintain when refarming LTE to NR. Here we provide two figures for the in-band NB-IoT placements when refarming LTE to NR, figure 1 for 5MHz and figure 2 for 10MHz channel bandwidth. 15kHz SCS NR is considered since it is most likely to be used in FR1 refarming bands, and here we consider 100kHz channel raster for NR.
For DL 5MHz LTE channel bandwidth with in-band NB-IoT ( 15kHz SCS NR (100kHz channel raster) with in-band NB-IoT:
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Figure 1: Refarming 5MHz LTE with in-band DL anchor NB-IoT to 15kHz SCS NR
For DL 10MHz LTE channel bandwidth with in-band NB-IoT ( 15kHz SCS NR (100kHz channel raster) with in-band NB-IoT:
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Figure 2: Refarming 10MHz LTE with in-band DL anchor NB-IoT to 15kHz SCS NR
As shown in figure 1 and 2, the center carrier for NR will be in the subcarrier#6 of the PRB 12 and the subcarrier#0 of the PRB 26 in the 5MHz and 10MHz NR respectively. Due to the absence of the DC carrier, the in-band NB-IoT operating in the LTE PRB which is lower than the center frequency can still be fitted into the NR PRB without any frequency shift when refarming LTE to NR. However, for the in-band NB-IoT operating in the LTE PRB which is higher than the center frequency, two NR PRBs might need to be reserved if we still want to maintain the same carrier frequency when refarming LTE to NR. For the 15MHz and 20MHz channel bandwidth, the scenarios will be similar since the 5MHz and 10MHz channel bandwidth scenarios already cover the odd and even number of the total PRBs.
Regarding the NR with SCS based channel raster; it is still possible to maintain the in-band NB-IoT carrier frequency but will be dependent on the center frequencies of LTE and NR.
Table 2 shows the in-band DL NB-IoT anchor carriers which can achieve PRB alignment when refarming LTE to 15kHz SCS NR with 100kHz channel raster from our perspective. We think it is important for us that RAN4 can confirm that we don’t need to touch those NB-IoT carriers when refarming LTE to NR. Two proposals are made accordingly.
Table 2: PRB alignment achievable in-band DL NB-IoT anchor carriers when refarming LTE to 15kHz SCS NR with 100kHz channel raster
	LTE system bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	LTE DL PRB indices for NB-IoT synchronization
	2, 7
	4, 9, 14, 19
	2, 7, 12, 17, 22, 27, 32
	4, 9, 14, 19, 24, 29, 34, 39, 44


Proposal 1: To confirm that current in-band anchor DL NB-IoT operating in Table 2 can be fitted into the NR PRB without any frequency shifting when refarming LTE to 15kHz SCS NR with 100kHz channel raster. 
- For in-band DL NB-IoT anchor carriers operating in the other LTE PRB indices, it is still possible to maintain the in-band NB-IoT carrier frequency by reserving two NR PRBs.
Proposal 2: Address the aspect in proposal 1 in the TR. 
3. Conclusion
In this contribution, we provide some operator’s views regarding the co-existence scenarios between 15kHz SCS NR and in-band NB-IoT. Two proposals are provided below.
Proposal 1: To confirm that current in-band anchor DL NB-IoT operating in Table 2 can be fitted into the NR PRB without any frequency shifting when refarming LTE to 15kHz SCS NR with 100kHz channel raster.
- For in-band DL NB-IoT anchor carriers operating in the other LTE PRB indices, it is still possible to maintain the in-band NB-IoT carrier frequency by reserving two NR PRBs.
Proposal 2: Address the aspect in proposal 1 in the TR. 
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