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1 Introduction
At RAN#80 meeting, way forward on the study of RF co-existence of LTE MTC and NB-IoT with NR was endorsed in RP-181437 [1],
· In August meeting, RAN4 is tasked to discuss the scope for the study of LTE MTC and NB-IoT RF coexistence with NR
· With limited number of TU allocated
· Come back to RAN#81 with the stable scope for a Rel-16 SI or WI.
In this contribution, we provide some discussion and proposals on the scope for the study of LTE MTC and NB-IoT coexistence with NR.
2 Discussion
2.1 Scenarios
The concerned case is to enable in-band/guard band deployment of NB-IOT or in-band deployment of eMTC in an NR band, on which the co-existence study has not be carried out in Rel-15. Without such RAN4 conclusion and corresponding specification study, there would be a risk that the in-band or guard band NB-IOT, and eMTC service cannot be allowed to continue after LTE bands are re-farmed to NR, or the LTE bands cannot be re-farmed to NR timely due to the existence of in-band or guard band NB-IOT or eMTC deployment. It is noted that standalone NB-IoT + NR MSR operation is supported in MSR specification and eMTC does not have standalone mode.




Observation 1: In-band/guard band deployment of NB-IOT or in-band deployment of eMTC in an NR band is the target scenario.
The first aspect to be considered is SCS. NB-IoT supports 3.75KHz and 15KHz SCS for uplink and 15KHz SCS for downlink transmission, while the eMTC supports 15KHz SCS for both uplink and downlink. In FR1, NR supports 15KHz, 30KHz and 60KHz SCS. So there would be multiple combinations of NB-IoT/eMTC and NR SCS-es. Since NB-IoT or eMTC is for LPWA use cases which always deployed in low frequency bands, we think small 15 KHz SCS for NR should have high priority. 

The second aspect is the channel raster. For most LTE refarming bands, 100KHz raster is utilized. But for 2.6GHz band (n41) the SCS based raster can also be utilized. We needs also consider such scenario.

For the case of downlink co-existence study where NR uses 15KHz and 100KHz channel raster, the signals of in-band or guard band NB-IOT and eMTC are orthogonal with NR signals. There is no need for co-existence study for such cases.

Scenario where NR uses 15KHz SCS, 100KHz channel raster and 7.5KHz uplink raster shift
For such scenario, if NB-IoT uses the 15KHz SCS, then the signals between NB-IOT and NR will be orthogonal, and thus there will be no need to have a co-existence study.

So far the NR bands n1, n2, n3, n5, n7, n8, n20, n28, n66 and n71 are specified to support 7.5KHz uplink channel raster shift. But they are just sub-set of all the bands supporting NB-IoT and/or eMTC. In Rel-15 there are still some LTE re-farming bands, where the in-band/guard band NB-IoT or eMTC can be deployed, but for them no 7.5KHz uplink channel raster shift is specified which is highlighted by yellow in the following table.
	R15 NR bands
	R15 MTC
	R15 NB-IoT
	Support of 7.5 KHz shift

	n1
	1
	1
	n1

	n2
	2
	2
	n2

	n3
	3
	3
	n3

	n5
	5
	5
	n5

	n7
	7
	　
	n7

	n8
	8
	8
	n8

	n12
	12
	12
	　

	n20
	20
	20
	n20

	n25
	25
	25
	　

	n28
	28
	28
	n28

	n34
	　
	　
	　

	n38
	　
	　
	　

	n39
	39
	　
	　

	n40
	40
	　
	　

	n41
	41
	41
	　

	n51
	　
	　
	　

	n66
	66
	66
	n66

	n70
	　
	70
	　

	n71
	71
	71
	n71

	NB-IoT or MTC bands are not yet defined in NR
	4,11,13,14,18,19,21,26,27,31,72,73,74,85
	 4,11,13,14,17,18,19,21,26,31,72,73,74, 85
	　


Thus we may need to add the support of 7.5KHz uplink raster shift for those re-farming LTE bands according to the operators’ request.

2.2 Relations to Rel-16 NB-IoT and MTC WIs

NB-IoT and MTC are expected to exist for a long time as the LPWA solution for 5G mMTC even after the corresponding LTE bands are re-farmed to NR. To ensure that NB-IoT/eMTC can co-exist with NR, the coexistence study needs be done from Day 1 for those Rel-15 NR bands re-farming from LTE. 

Unfortunately, such study has not been carried out in Rel-15, perhaps due to the tight schedule of NR WI. At RAN#80 meeting, the Rel-16 NB-IoT and MTC WIs were approved in RP-181451 and RP-181450 respectively. The coexistence study is within the scope of WI objectives. However, it should be noted that in both WIs RAN4 work starts in Q1 2019. 
RP-181451

Coexistence with NR

· Study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR [RAN4, RAN1, RAN2]
RP-181450
Coexistence with NR

· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]

Hence we see the mismatch between the deployment request from operators and the Rel-16 NB-IoT WIs. Given that there is a late drop with completion date in December 2018, we propose to finalize the co-existence work in the timeline for Rel-15 late drop.
2.3 Proposed scope
The following objectives are proposed for further discussion /decision.
· Phase I: Co-existence study

· Identify the scenarios for NR co-existence with NB-IoT
· Considering 3.75KHz and 15KHz numerologies for NB-IoT uplink 

· Considering 15KHz, 30KHz, and 60KHz numerologies for NR uplink and downlink for FR1

· Considering the case where NR uses both 100KHz raster and SCS based raster

·      Identify the scenarios for NR co-existence with eMTC

· Considering 15KHz, 30KHz, and 60KHz numerologies for NR uplink and downlink for FR1

· Considering the case where NR uses both 100KHz raster and SCS based raster

· Considering in-band operation for eMTC

· Conduct the co-existence study for the identified scenarios and draw the conclusions

· Identify the LTE re-farming bands for which the 7.5KHz uplink channel raster needs be added

· Study if the +6dB downlink RE power boosting can still be allowed for one NB-IoT RB for both in-band and guard band operation modes when co-existing with NR

· Phase II: impact on RAN4 specifications

· Add the support of 7.5KHz uplink channel raster shift for the identified LTE re-farming bands for NR

· Discuss and decide if the potential guard band for the NB-IOT in-band/guard band co-existence scenario needs to be explicitly specified

· Discuss and decide if the potential guard band for the eMTC co-existence scenario needs to be explicitly specified

3 Conclusion
According to WF endorsed in RAN#80, RAN4 is tasked to discuss and make a conclusion on the scope for the study of LTE MTC and NB-IoT RF coexistence with NR. We propose to further discuss on the proposed scope during RAN4#88 and make a stable scope for RAN#81.
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