3GPP TSG-RAN WG4 Meeting #90bis 
R4-1904018
Xi’An, China, April 8th – 12th 2019
Source:

Ericsson

Title:


NB-IoT and NR coexistence: Channel raster and RB alignment
Agenda item:

7.13.2
Document for:
Approval
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.
In other contributions ([2] and [3]), we have discussed the channel raster problematic, considering PRB alignment as well.

In the following, we discuss some of the other BS RF aspects.
2 Discussion 
2.1 Introduction

In the revised WID [1], the following topics have been added:
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As already stated in [4], NB-IoT standalone coexistence with NR has already been addressed via MSR specifications. Channel raster problematic, including NB-IoT carrier location, is addressed in [2] and [3].

2.2 NR different numerology

NR has specified several numerologies that could be used in FR1: 15, 30 and 60 kHz SCS, while NB-IoT has considered 3.75 and 15 kHz SCS.

Due to the non-orthogonality, some guard space was expected when operating NB-IoT 3.75 kHz in LTE in-band or guard band, but no requirement was specified, this was left up to implementation.
In a similar way, NR has not specified any requirement when considering mixed numerology, leaving this to each radio’s implementation, depending on design.

For those reasons, there should not be any specific requirement neither when NB-IoT (3.75 and 15 kHz SCS) is operating in NR in-band or guard band for 30 and 60 kHz SCS. Some guard space would be required to not impact each other RAT’s performance, but this should remain implementation specific.
Proposal 1: No specific requirement should be specified for NB-IoT operating with NR 30 kHz and 60 kHz SCS. Some guard would be needed in between both RATs, but the exact value would be implementation specific.

2.3 NR bands supported

NB-IoT is currently supported in following LTE bands: 1, 2, 3, 4, 5, 8, 11, 12, 13, 14, 17, 18, 19, 20, 21, 25, 26, 28, 31, 41 (in certain regions), 65, 66, 70, 71, 72, 73, 74, 85.
There is so no obvious reason why NB-IoT should not be supported in following re-farmed NR bands: n1, n2, n3, n5, n8, n12, n14, n20, n25, n28, n41 (in certain regions), n65, n66, n70, n71, n74.
Proposal 2: Support NB-IoT in NR bands n1, n2, n3, n5, n8, n12, n14, n20, n25, n28, n41 (in certain regions), n65, n66, n70, n71, n74.
2.4 NB-IoT operation in NR Guard band 
NR spectrum utilization has been widely discussed when specifying NR and the current allocation is a compromise in between all companies’ view. 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 SCS, the situation might be less obvious. Again, the current spectrum allocation has been optimized with NR, but only considering the same numerology. In the case of 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 would have to be considered in some specific cases, like for NR 10 MHz, and should be checked case by case.
It would be questionable if certain spectrum utilization supported by LTE BS would not be supported by a NR BS, so LTE migration to NR, keeping same carrier frequency position, should be further investigated:
· When migrating from NB-IoT operating in LTE in-band to NR:

· 15 kHz SCS: As mentioned earlier, NR spectrum utilization was optimized for 15 kHz SCS and is always greater than LTE’s one. So, a NB-IoT in LTE in-band, after migration, will always end up in NR in-band.

· 30 or 60 kHz SCS: NR spectrum utilization was also optimized for 30 kHz and 60 kHz SCS only, but only considering using the same numerology. So, when looking for example at 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. 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. As one can notice, for all cases, the NR spectrum utilization would be not optimal: less than 90% of the allocated spectrum would be effectively used, worst than with LTE. Those cases might then be considered as marginal.
	
	SCS
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	NR
	
	Transmission BW
	Transmission BW
	Transmission BW
	Transmission BW

	
	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 1: NR and LTE Transmission bandwidth comparison
· When migrating from NB-IoT operating in LTE guard band to NR:

· 15 kHz SCS: The NB-IoT PRB position in LTE guard band depends on channel raster (for the anchor PRB). For 10 and 20 MHz LTE, the NB-IoT PRB could be close to the latest LTE PRB edge, while for 5 and 15 MHz, it should 3 PRBs away from LTE edge.
Looking at NR 15 kHz SCS 10 and 20 MHz, spectrum utilization has considered respectively 2 and 6 additional PRBs (comparing to LTE). This means a NB-IoT operating in LTE guard band, after migration to NR, will end up in NR in-band for 10 and 20 MHz.

For 15 MHz, NR spectrum utilization has considered 4 additional PRBs, which means that a NB-IoT operating in LTE guard band (NB-IoT PRB would be then 3 sub-carriers away from LTE PRB edge), after migration to NR, would also end up in NR in-band.
The last case where a NB-IoT operating in NR LTE guard band would still operate in NR guard band after migration is when channel bandwidth is equal to 5 MHz.

· 30 or 60 kHz SCS: as mentioned before for NB-IoT operating in LTE in-band, 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.
As discussed previously, when considering NR 30 kHz and 60 kHz SCS, there are some cases where a NB-IoT PRB would operate in the NR guard band after migration from LTE, and this is without reconsidering agreement on NR spectrum utilization. Still, conserving the inefficient use of spectrum, those migration cases might still be marginal and so not deployed in the future.

The only situation of concern which would require supporting NB-IoT in NR guard band is when migrating from LTE 5 MHz with NB-IoT in guard band to NR 5 MHz 15 kHz SCS. Nevertheless, it would still be possible then to shift one of the carriers and end up with NB-IoT operating in NR in-band. This might be considered as marginal migration case.
For those reasons, to simplify testability aspects and not delay the investigations, we make the following proposal.
Proposal 3: NB-IoT operation in NR guard band should not be considered for Rel-15 (nor Rel-16).
2.5 Power boosting

NB-IoT power boosting is a key feature to support enhanced coverage. As such, it should also be supported with NR. 

As we already mentioned in 2.3, a NR BS should be able to support similar NB-IoT operation and configuration than an LTE BS. For this reason, if NB-IoT power boosting could be supported by LTE radio, it could also be supported with an NR radio when the NB-IoT PRB has same relative frequency position, related to middle PRB, as shown in Figure 1. While Figure 2 shows an example where NB-IoT PRB has moved position (frequency) when re-farming from LTE to NR.
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Figure 1: NB-IoT PRB at same relative frequency position when re-farming from LTE to NR
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Figure 2: NB-IoT PRB at different relative frequency position when re-farming from LTE to NR
Considering such assumption, based on previous discussion in 2.3 for migration from LTE in-band/guard band operation to NR 15 kHz SCS, we could already state that NB-IoT power boosted should be easily supported for most of the NR PRB positions.
But due to the higher spectrum utilization, further investigations should be done when NB-IoT PRB is located in any other position in frequency than when operating with LTE. But as we would not need to support guard band operation for NR 15 kHz SCS, those investigations could only focus at the NR PRB edge, not looking at guard band positions.

Proposal 4: Further investigate if power boosting could be supported when NB-IoT is located at NR edge position for any channel bandwidth and for 15 kHz SCS only.
2.6 Requirements and testability
As we have seen in previous sections 2.2 and  2.3, we might not need to consider NB-IoT operation in NR guard band for 15 kHz SCS. And for the other NR numerology, we would not specify any specific requirement. Focus would then be on NB-IoT operating in NR in-band for 15 kHz SCS.
We have also discussed that a BS supporting LTE with NB-IoT (in-band or guard band) should be able to support NR with NB-IoT (in-band then), including power boosting support, and this as long as the NB-IoT PRB remains at the same relative frequency position (relative to the LTE/NR carrier frequency position), or as long as the NB-IoT PRB is moved closer to the NR carrier frequency. 
It could be considered then that testing NB-IoT operating in LTE and testing NR only would be sufficient. It would not be needed to re-test then NB-IoT with NR (again, assuming NB-IoT PRB has exact same relative frequency position or a frequency position closer to the NR carrier frequency, and only with NR 15 kHz SCS). 

Proposal 5: If as BS has passed conformance tests for NR and for LTE with NB-IoT in-band/ guard band, then this BS would support operating NB-IoT in NR in-band as well, with the following pre-requisites:

· NR would use 15 kHz SCS only when operating with NB-IoT.

· NB-IoT PRB relative (to LTE/NR carrier) frequency position won’t be changed or will be shifted closer to NR carrier frequency when re-farming from LTE to NR.
With this proposal and those limitations, it would be then possible to operate NB-IoT in NR in-band with current NR Rel-15 specifications.

To remove those limitations, we would need to specify additional requirements to enable testing NR and NB-IoT at the same time. 
Note those new requirements would still be backward compatible with NR Rel-15, but they would have to be introduced in Rel-15 if still possible or in Rel-16 if not. Also, this won’t have any impact on UE NR specifications. 
The identified specifications impacts would be:

· NR Tx requirements:

· Clarify NR requirements for Occupied bandwidth, ACLR, unwanted emissions and Tx spurious are also valid with NB-IoT operating in-band.
· NR Rx requirements:

· Specify new REFSENS, dynamic range and ICS requirement (and new FRCs) for NR with NB-IoT in-band.

· Explicitly mention NR requirements for Blocking, Rx spurious and Rx intermodulation are also valid with NB-IoT operating in-band.

· NB-IoT Rx requirements:
· Specify new requirements with NR interferer instead of E-UTRA and considering the new NR channel bandwidths.
· NR conformance:
· Add new NR TDD TM compatible with NB-IoT TDD.

· Add new TCs to consider NB-IoT operating in NR in-band.
· Update test procedures to add support for NB-IoT operating in NR in-band.

· MSR conformance:
· Add NB-IoT in-band NR to Capability Sets with NR and potentially update/add new TCs to consider this new case.
· Update test procedures to add support for NB-IoT operating in NR in-band.

Proposal 6: Add support for NB-IoT operating in NR in-band in NR core specifications, NR conformance specifications and MSR conformance specifications in Rel-15 if still possible, or Rel-16 if not.

3 Conclusion
In this contribution, we investigated following aspects of NB-IoT and NR coexistence: different numerology, NB-IoT in NR guard band, power boosting and testability. We made following proposals: 

Proposal 1: No specific requirement should be specified for NB-IoT operating with NR 30 and 60 kHz SCS. Some guard would be needed in between both RATs, but the exact value would be implementation specific.
Proposal 2: Support NB-IoT in NR bands n1, n2, n3, n5, n8, n12, n14, n20, n25, n28, n41 (in certain regions), n65, n66, n70, n71, n74.
Proposal 3: NB-IoT operation in NR guard band should not be considered for Rel-15 (nor Rel-16).
Proposal 4: Further investigate if power boosting could be supported when NB-IoT is located at NR edge position for any channel bandwidth and for 15 kHz SCS only.
Proposal 5: If as BS has passed conformance tests for NR and for LTE with NB-IoT in-band/ guard band, then this BS would support operating NB-IoT in NR in-band as well, with the following pre-requisites:

· NR would use 15 kHz SCS only when operating with NB-IoT.

· NB-IoT PRB relative (to LTE/NR carrier) frequency position won’t be changed or will be shifted closer to NR carrier frequency when re-farming from LTE to NR.

Proposal 6: Add support for NB-IoT operating in NR in-band in NR core specifications, NR conformance specifications and MSR conformance specifications in Rel-15 if still possible, or Rel-16 if not.
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