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1 Introduction
The Rel-16 NB-IoT WI [1] has been revised to add the main areas to be investigated when it comes to NB-IoT and NR coexistence.
During last RAN4 meeting, a Way Forward ([2]) has been agreed to capture some early agreements and list the remaining issues to be addressed. One of them is related to system scenarios (re-farming cases, if NB-IoT operating in NR guard band should be considered or not, legacy NB-IoT UEs, …). 
This contribution is addressing these specific topics.

2 Discussion 
2.1 Introduction
When considering the various deployment of NB-IoT with NR, different approaches should be considered:

· NB-IoT was initially operating in LTE in-band and/or guard band. The LTE band is then re-farmed to NR, keeping NB-IoT operations most likely with NB-IoT carrier at same frequency position.

· Legacy NB-IoT UEs behavior and requirements when NB-IoT is deployed in NR.

· NB-IoT was not deployed previously and is planned to operate in NR.
Those different approaches are further developed in following sections.
2.2 LTE re-farmed bands
2.2.1 Assumptions

In the following sections, it’s assumed that NB-IoT carrier would not change frequency allocation when re-farming LTE band to NR (it should be noted that, for TDD bands, UL shall always be shifted, ref to [3]).
For the guard band operation discussion, only one NB-IoT carrier in each LTE guard band has been considered. This NB-IoT carrier would then be located as close as possible to LTE PRBs edge, as it was stated when specifying in TS 36.104/TS 36.141. The following deployments in LTE guard band are not addressed in the following and would require further considerations:
· More than 3 NB-IoT carriers.

· Deployment in guard band with higher separation in between LTE PRB edge and NB-IoT PRB (NB-IoT PRB would not be as close as possible to LTE PRB edge).

2.2.2 General

The NB-IoT PRB frequency position in LTE guard band depends on channel raster (for the anchor PRB) and LTE channel bandwidth. For 10 and 20 MHz LTE, the NB-IoT PRB could be immediately adjacent to the latest LTE PRB edge. While for 5 and 15 MHz, it could be 3 subcarriers away from LTE edge (PRB alignment is not needed when NB-IoT is in LTE guard band).

Comparing NR and LTE, the DC component occupies one sub-carrier with LTE and LTE carrier is positioned in the middle of that DC. LTE PRBs are distributed on each side of this DC. 
But the situation is different with NR: the NR carrier (or center frequency) is positioned either on the 1st sub-carrier (if total number of NR PRBs is even) or on the 6th sub-carrier (if total number of NR PRBs is odd) of the middle NR PRB (refer to [3] for further explanation). This means that, comparing LTE PRBs frequency with NR PRBs frequency, all PRBs located on the “right” side of the carrier (which have a frequency higher than the NR carrier) would be shifted by 15 kHz when migrating to NR (NR 15 kHz SCS), as shown on Figure 1. This would have some consequences on NB-IoT when re-farming LTE band.
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Figure 1: “Right” PRBs frequency shift for a 10 MHz LTE signal migrating to NR
Note that UL alignment in between NR and LTE aspects were already discussed in the channel raster discussion, refer to [3], [4] and [6].
2.2.3 LTE in-band operation
2.2.3.1 NR 15 kHz SCS
NR spectrum utilization was optimized for 15 kHz SCS and is always higher than LTE’s one, except for 5 MHz channel bandwidth.
Considering this, NB-IoT operating in LTE in-band, after re-farming to NR, would always end up in NR in-band when channel bandwidth is larger or equal to 10 MHz.
For 5 MHz channel bandwidth, spectrum utilization is the same one for LTE and NR. So, a NB-IoT PRB operating in LTE in-band, after re-farming to NR, would still operate in NR in-band except in one case: when NB-IoT PRB is puncturing the last LTE edge PRB (with highest frequency). Due to the shift caused by the DC component, as shown in Figure 1, one NB-IoT sub-carrier would then be in NR guard band. This is similar issue to the 10 MHz guard band case which is further detailed in sub-section 2.2.3.2.2. 
2.2.3.2 NR 30 kHz and 60 kHz SCS

NR spectrum utilization was also optimized for 30 kHz and 60 kHz SCS only, considering using the same numerology, not mixed numerology. 

When considering for example 10 MHz channel bandwidth, if NB-IoT PRB was puncturing one of the LTE PRB on the edge, it might end up after migration to NR in guard band when NR is using 30 kHz SCS. For these specific cases, we would still need to consider NB-IoT in NR guard band then. Table 1 highlights (in yellow) the migrations cases where such situation might occur. 

	
	SCS
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	
	
	Transmission BW
	Transmission BW
	Transmission BW
	Transmission BW

	NR
	15 kHz
	4.5 MHz
	9.36 MHz
	14.22 MHz
	19.08 MHz

	
	30 kHz
	3.96 MHz
	8.64 MHz
	13.68 MHz
	18.36 MHz

	
	60 kHz
	NA
	7.92 MHz
	12.96 MHz
	17.28 MHz

	LTE
	15 kHz
	4.5 MHz
	9 MHz
	13.5 MHz
	18 MHz


Table 2: NR and LTE Transmission bandwidth comparison

As it can be noticed, for all those cases, the NR spectrum utilization would be not optimal: less than 90% of the allocated spectrum would be effectively used. This is worst than with LTE. 

Those cases might then be considered as marginal as migrating from LTE to NR 30 kHz or 60 kHz SCS in those cases would mean wasting spectrum. This might not justify adding guard band support when NB-IoT is operating with NR.
2.2.4 LTE guard band operation
2.2.4.1 NR 15 kHz SCS
2.2.4.1.1 LTE 5 MHz CBW 
NR spectrum utilization is the same than LTE’s one for 5 MHz CBW, both have the same number of PRBs. 

So, if NB-IoT was operating in LTE guard band, it would still operate in NR guard band after migration.

Nevertheless, NB-IoT operation in LTE 5 MHz might have some additional limitations (power boosting level) and is highly related to BS design and capabilities. 
2.2.4.1.2 LTE 10 MHz CBW 

NR spectrum utilization has considered 2 additional PRBs comparing to LTE for 10 MHz channel bandwidth. Those 2 PRBs are spread on each side of the NR carrier.

This means that a NB-IoT operating in LTE guard band, on the right side (side with highest frequencies), after migration to NR, due to the DC shift (see Figure 1),  it would end up partly (165 kHz) in NR in-band, and partly in NR guard band (15 kHz), as shown in Figure 2.
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Figure 2: 10 MHz LTE with NB-IoT guard band migrating to NR
Nevertheless, even if one NB-IoT sub-carrier is in NR guard band, the frequency distance from NB-IoT PRB edge to NR channel bandwidth edge is still the same as the one between NB-IoT PRB edge and LTE channel bandwidth edge, as shown on Figure 2 for 10 MHz channel bandwidth (distance to bandwidth edge is still 312.5 KHz). This subcarrier will still not be in the minimum guard band as specified in TS 38.104. 
So, this would not be an issue for the radio to support such weird situation. But this implies NB-IoT might have to partly operate in NR guard band; such case should be taken into account when defining and restricting in-band and guard band operations.

2.2.4.1.3 LTE 15 MHz CBW 

NR spectrum utilization has considered 4 additional PRBs comparing to LTE for 15 MHz channel bandwidth.

When NB-IoT is operating in LTE guard band (with assumptions in 1

 REF _Ref7530247 \r \h 
2.2.1,), the NB-IoT PRB would be 3 sub-carriers away from LTE PRB edge). After migration to NR, NB-IoT PRB will then end up in NR in-band.

2.2.4.1.4 LTE 20 MHz CBW 

NR spectrum utilization has considered 6 additional PRBs comparing to LTE for 20 MHz channel bandwidth.
If NB-IoT was operating in LTE guard band, after migration to NR, it will then end up in NR in-band. 
General comment: It should be noticed that, if the NB-IoT PRB was operated in the “upper” in-band or guard band half of LTE (CBW ≥ 10MHz), NB-IoT PRB won’t be aligned anymore with NR PRBs (due to the carrier shift by 15 kHz as mentioned above in 2.2.2). NB-IoT PRB would then overlap 2 NR PRBs.
2.2.4.2 NR 30 kHz and 60 kHz SCS

After migration to NR, NB-IoT operating in LTE guard band would still operate in the NR guard band after migration to NR, in many cases.

Still, considering the inefficient use of spectrum, those migration cases might still be marginal and so not deployed in the future.
2.2.5 Conclusion on LTE re-farmed bands
Based on analysis made in previous sub sections:
Observation 1: When re-farming from LTE to NR, keeping same NB-IoT carrier frequency, NB-IoT might partly operate in NR in-band and partly in NR guard band, but still not in the NR minimum guard band.
Observation 2: Considering migration to NR 15 kHz SCS, NB-IoT which was operating in LTE in-band and/or guard band would almost always operate in NR in-band, with the exceptions of:

· 5 MHz NR CBW when NB-IoT was operating in LTE in-band or in LTE guard band.
· 10 MHz NR CBW when NB-IoT was operating in LTE guard band.

· NB-IoT operating in LTE guard band but at another position than the one considered in TS 36.104/36.141 (which is a frequency position compliant with channel raster and as close as possible to LTE transmission bandwidth configuration edge).
Proposal 1: Even if one NB-IoT 15 kHz sub-carrier would operate in NR guard band, still consider this case as NB-IoT operation in NR in-band.
2.3 NR in-band and NB-IoT UE

2.3.1 LTE carrier hosting NB-IoT

During last RAN4 meeting, following question was raised ([5]):
[image: image3.emf]Recommendation 1:   To clarify, especially from UE perspective, whether NB - IoT in - band or  guard band   operation without a hostin g  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 .  


NB-IoT UE doesn’t have any notion of the NB-IoT operating mode: operating in LTE in-band, in LTE guard band or a standalone NB-IoT, is transparent for the NB-IoT UE, only BS has this information. This means, from UE RF perspective, NB-IoT doesn’t need any hosting LTE carrier, even if it operates in LTE in-band or guard band.

So, when migrating to NR, there should not be any backward compatibility impact: NB-IoT UE should not expect the presence of any hosting LTE carrier.

Observation 3: From RAN4 RF perspective, NB-IoT UE doesn’t have notion of operation mode, so there is no backward compatibility impact due to NB-IoT UE expecting the presence of a hosting E-UTRA carrier.

2.3.2 Spectrum Emission Mask and Foffset

As mentioned previously, NB-IoT doesn’t have any notion of NB-IoT operation modes: in-band, guard band and standalone operation are transparent for NB-IoT UE.
Nevertheless, when operating in LTE guard band, NB-IoT UE shall not only be compliant with NB-IoT spectrum emission mask, but also with LTE spectrum emission mask. Based on those two requirements, to guarantee coexistence when in guard band, following offsets have been specified in TS 36.101:
Table 6.6.2F.1-2: Foffset for category NB1 and NB2 UE spectrum emission mask
	Channel BW (MHz)
	Foffset

[kHz]

	1.4
	165

	3
	190

	5
	200

	10
	225

	15
	240

	20
	245


This Foffset is the minimum frequency distance in between LTE channel bandwidth edge and NB-IoT channel edge.
Due to the new spectrum utilization with NR, and even if only NB-IoT operation in NR in-band is considered, the frequency distance in between NR and NB-IoT channel edges shall still be compared to those offset values, this to make sure NB-IoT UE could operate at any in-band position and still comply with NR spectrum emission mask.
Following Table 1 compares Foffset values with the minimum distance in between NB-IoT and NR channel edges. Note that NB-IoT UE channel bandwidth is 200 kHz. The last column “Minimum distance” is the distance in between NR channel edge and NB-IoT channel edge when puncturing the NR edge PRB to operate NB-IoT.
	NR Channel BW (MHz)
	Foffset

(kHz)
	Minimum distance 
(kHz)

	5
	200
	240

	10
	225
	310

	15
	240
	380

	20
	245
	450


Table 1: Comparison Foffset values and Minimum distance (NR edge, NB-IoT edge) values
It can be noticed Foffset value is always smaller than Minimum distance value for any channel bandwidth, which also means NB-IoT UE could operate in any position in NR in-band and still be compliant with NR spectrum emission mask. 

That Foffset is only specified for channel bandwidth smaller or equal to 20 MHz as this is considering LTE. Values for higher channel bandwidth would have to be further defined for NR, but it could be checked that, even if NB-IoT is puncturing the edge NR PRB, NB-IoT spectrum emission mask will still not overlap NR spectrum emission mask. 
Considering operation in NR in-band, NB-IoT UE could operate and comply with NR spectrum emission mask.

Observation 4: NB-IoT UE should be able to operate in NR in-band.

2.3.3 NS messages
Three NS messages have been specified so far for NB-IoT operation: 
· NS_02 and NS_03 would be used when deploying NB-IoT in 10 MHZ CBW LTE guard band, and NB-IoT PRB is spread away from LTE PRB edge for deployment choice.

· NS_04 would be used to protect PMR system when deploying NB-IoT in guard band for Band 26.

So far, Band 26 is not a re-farmed band, so NS_04 won’t be used in NR context.

NS_02 and NS_03 would still be used if relevant and if NR guard band operation would be further considered.
2.4 NB-IoT operating in NR guard band

Except from all re-farming cases that were addressed in 2.2, we are now looking at NB-IoT potentially operating in guard band of any NR channel bandwidth. 

As mentioned in [4], NR spectrum utilization was widely discussed when specifying NR and the current allocation is a compromise in between all companies’ view. This observation is valid for all NR channel bandwidth. There is no obvious reason why technology would have improved in so short time to justify reconsidering current spectrum utilization. 

For this reason, considering 15 kHz SCS, it would not be reasonable adding an extra PRB with 6 dB power boosting in NR guard band. And so, NB-IoT should not be considered for guard band operation with NR 15 kHz SCS.

When it comes to NR 30 kHz (or 60 kHz) SCS, the situation might be less obvious. Again, the current spectrum allocation has been optimized with NR, but only considering the same numerology. For 30 kHz SCS, it won’t be possible to add an extra PRB of 30 kHz SCS, but it might be possible to add another 15 kHz SCS PRB. This might be considered in some specific cases, like for NR 10 MHz, and would have to be checked case by case. Nevertheless, as agreed in [2], no requirement would be specified for mixed numerology. 

For those reasons, considering conclusion from re-farming scenarios and excluding situation where one NB-IoT sub-carrier only would operate in guard band (see 2.2), we are proposing to not consider deployment of NB-IoT in NR guard band, assuming guard band means here that the complete NB-IoT PRB would be operating in NR guard band.
Proposal 2: NB-IoT operation in NR guard band (all NB-IoT sub-carriers are located in NR guard band) should not be considered for Rel-15/Rel-16.
3 Conclusion
In this contribution, we investigated various system scenarios of NB-IoT and NR coexistence. 
We made following observation and proposals, assuming assumptions stated in 2.2.1 for the re-farming use cases: 
Observation 1: When re-farming from LTE to NR, keeping same NB-IoT carrier frequency, NB-IoT might partly operate in NR in-band and partly in NR guard band, but still not in the NR minimum guard band.

Observation 2: Considering migration to NR 15 kHz SCS, NB-IoT which was operating in LTE in-band and/or guard band would almost always operate in NR in-band, with the exceptions of:

· 5 MHz NR CBW when NB-IoT was operating in LTE in-band or in LTE guard band.

· 10 MHz NR CBW when NB-IoT was operating in LTE guard band.

· NB-IoT operating in LTE guard band but at another position than the one considered in TS 36.104/36.141 (which is a frequency position compliant with channel raster and as close as possible to LTE transmission bandwidth configuration edge).
Observation 3: From RAN4 RF perspective, NB-IoT UE doesn’t have notion of operation mode, so there is no backward compatibility impact due to NB-IoT UE expecting the presence of a hosting E-UTRA carrier.

Observation 4: NB-IoT UE should be able to operate in NR in-band.
Proposal 1: Even if one NB-IoT 15 kHz sub-carrier would operate in NR guard band, still consider this case as NB-IoT operation in NR in-band.

Proposal 2: NB-IoT operation in NR guard band (all NB-IoT sub-carriers are located in NR guard band) should not be considered for Rel-15/Rel-16.
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