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1	Introduction
In last RAN plenary meeting #83, the revised WID was approved to add the description on the scope of NB-IoT coexistence with NR.
· [bookmark: _Hlk516784255]Study aspects of FDD/TDD NB-IoT coexistence with NR [RAN4, RAN1, RAN2]
· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following: [RAN4]
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· [bookmark: _Hlk522858168]Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR
· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR
· [bookmark: OLE_LINK24]Synchronization issue between NR and NB-IoT, including timing advance
· Frequency band support in NB-IoT and NR
· Testability applicable to RF
· Coexistence between R15 NR and R13/R14/R15 NB-IoT.
Note: After RAN1 concludes the objective on R16 NB-IoT coexistence aspects, evaluate coexistence between R15 NR and R16 NB-IoT.

In this contribution we provide some discussion on the system scenarios of NB-IoT coexistence with NR and provide clarifications on NB-IoT operation modes.
2	Discussion
[bookmark: OLE_LINK44]As approved in [2], on system scenarios the clarification on the current definition of NB-IoT operation modes is needed.
· 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

For NB-IoT operating in LTE, system scenarios have been divided into 3 following operation modes,
· Category NB1/NB2 stand-alone operation: category NB1/NB2 is operating standalone when it utilizes its own spectrum, for example the spectrum used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
· Category NB1/NB2 guard band operation: category NB1/NB2 is operating in guard band when it utilizes the unused resource block(s) within a E-UTRA carrier’s guard-band.
· Category NB1/NB2 in-band operation: category NB1/NB2 is operating in-band when it utilizes the resource block(s) within a normal E-UTRA carrier.
[bookmark: OLE_LINK22]When it comes to NB-IoT co-existence with NR, depend on the utilized spectrum for NB-IoT operations, 3 system scenarios should be considered,
· NB-IoT standalone operating: NB-IoT is operating standalone when it utilizes its own spectrum
· NB-IoT operating in NR guard band: NB-IoT is operating when it utilizes the unused resource block(s) within a NR carrier’s guard-band
· NB-IoT operating in NR in-band: NB-IoT is operating when it utilizes the resource block(s) within a normal NR carrier.
For legacy R13/R14/R15 NB-IoT UE, the UE reads MIB to get the information of the operation mode. Four operation modes are defined in the MIB “inband-SamePCI”, “inband-DifferentPCI”, “guardband” and “standalone”. In LTE system, the operation mode and its utilized spectrum are consistent. Meanwhile for NB-IoT is deployed within NR channel bandwidth, the operation mode and its utilized spectrum could be different, e.g. legacy “guardband” or “standalone” operation mode might be configured for NB-IoT operating in NR in-band.
MasterInformationBlock-NB
-- ASN1START

MasterInformationBlock-NB ::=	SEQUENCE {
	systemFrameNumber-MSB-r13		BIT STRING (SIZE (4)),
	hyperSFN-LSB-r13				BIT STRING (SIZE (2)),
	schedulingInfoSIB1-r13			INTEGER (0..15),
	systemInfoValueTag-r13			INTEGER (0..31),
	ab-Enabled-r13					BOOLEAN,
	operationModeInfo-r13			CHOICE {
[bookmark: OLE_LINK21]		inband-SamePCI-r13				Inband-SamePCI-NB-r13,
		inband-DifferentPCI-r13			Inband-DifferentPCI-NB-r13,
		guardband-r13					Guardband-NB-r13,
		standalone-r13					Standalone-NB-r13
	},
	spare							BIT STRING (SIZE (11))
}

There are two aspects need to be considered on the configurations of operations modes. The first one is channel raster and the second one is LTE CRS. The raster issue for guardband and inband operation can be the same, i.e. same MDL can be configured for inband and guardband, with {+/-2.5 kHz, +/- 7.5kHz} shift allowed. But the raster for standalone is different because MDL = -0.5 for standalone anchor and always on the 100 kHz raster. And for signalling “inband” case, the NB-IoT UE expects the presence of LTE on NB-IoT PRB and expects to find CRS. Hence for NB-IoT operating in NR in-band, the possibility of configurations on the four operation modes are investigated in the following.
a) MIB indicates guardband
· {+/-2.5 kHz, +/- 7.5kHz} shift is allowed
· No backwards compatibility issue

b) MIB indicates standalone
· There is raster issue, two PRBs need to be reserved

c) MIB indicates inband-DifferentPCI
· NB-IoT will drop the LTE CRS RE

d) MIB indicate inband-SamePCI in the left side of the center frequency of the NR carrier
· The NB-IoT carrier frequency position can be kept, the CRS for the RB need to be transmitted to NB-IoT UE although LTE is not there. NB-IoT UE will utilize the LTE CRS

e) MIB indicate inband-SamePCI in the right side of the center frequency of the NR carrier
e)-1: one NR PRB is reserved. The NB-IoT carrier frequency position cannot be kept.
· The parameter in following table can not be fulfilled anymore due to the LTE DC, hence there is a backwards compatibility issue in the case.

36.213 Table 16.8-1: Definition of eutra-CRS-SequenceInfo
	eutra-CRS-
SequenceInfo
	E-UTRA PRB index [image: cid:image005.png@01D4F75E.271D86E0]for odd number of [image: cid:image006.png@01D4F75E.271D86E0]
	Raster offset
	eutra-CRS-
SequenceInfo
	E-UTRA PRB index [image: cid:image005.png@01D4F75E.271D86E0]for even number of [image: cid:image006.png@01D4F75E.271D86E0]
	Raster offset

	0
	-35
	-7.5 kHz
	14
	-46
	+2.5 kHz

	1
	-30
	
	15
	-41
	

	2
	-25
	
	16
	-36
	

	3
	-20
	
	17
	-31
	

	4
	-15
	
	18
	-26
	

	5
	-10
	
	19
	-21
	

	6
	-5
	
	20
	-16
	

	7
	5
	+7.5 kHz
	21
	-11
	

	8
	10
	
	22
	-6
	

	9
	15
	
	23
	5
	-2.5 kHz

	10
	20
	
	24
	10
	

	11
	25
	
	25
	15
	

	12
	30
	
	26
	20
	

	13
	35
	
	27
	25
	

	
	
	
	28
	30
	

	
	
	
	29
	35
	

	
	
	
	30
	40
	

	
	
	
	31
	45
	




e)-2: two NR PRBs are reserved.
· The NB-IoT carrier frequency position can be kept, the CRS need to be transmitted to NB-IoT UE although LTE is not there.

From the discussion above, guard band operation mode may have a slightly better performance and other operation modes are also feasible with some side conditions to avoid backward compatibility issue.
3	Conclusions
[bookmark: OLE_LINK3]In this contribution we provide discussion on system scenarios of NB-IoT coexistence with NR. It is proposed to approve the attached TP for the TR of the WI.
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[bookmark: _Toc4510041]6.1	General
[bookmark: _Toc535388086][bookmark: OLE_LINK23]6.1.1	NB-IoT operation modes
For NB-IoT operating in LTE, system scenarios have been divided into 3 following operation modes,
· Category NB1/NB2 stand-alone operation: category NB1/NB2 is operating standalone when it utilizes its own spectrum, for example the spectrum used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
· Category NB1/NB2 guard band operation: category NB1/NB2 is operating in guard band when it utilizes the unused resource block(s) within a E-UTRA carrier’s guard-band.
· Category NB1/NB2 in-band operation: category NB1/NB2 is operating in-band when it utilizes the resource block(s) within a normal E-UTRA carrier.
When it comes to NB-IoT co-existence with NR, depend on the utilized spectrum for NB-IoT operations, 3 system scenarios should be considered,
· NB-IoT standalone operating: NB-IoT is operating standalone when it utilizes its own spectrum
· NB-IoT operating in NR guard band: NB-IoT is operating when it utilizes the unused resource block(s) within a NR carrier’s guard-band
· NB-IoT operating in NR in-band: NB-IoT is operating when it utilizes the resource block(s) within a normal NR carrier.
For legacy R13/R14/R15 NB-IoT UE, the UE reads MIB to get the information of the operation mode. Four operation modes are defined in the MIB “inband-SamePCI”, “inband-DifferentPCI”, “guardband” and “standalone”. In LTE system, the operation mode and its utilized spectrum are consistent. Meanwhile for NB-IoT is deployed within NR channel bandwidth, the operation mode and its utilized spectrum could be different, e.g. legacy “guardband” or “standalone” operation mode might be configured for NB-IoT operating in NR in-band.
MasterInformationBlock-NB
-- ASN1START

MasterInformationBlock-NB ::=	SEQUENCE {
	systemFrameNumber-MSB-r13		BIT STRING (SIZE (4)),
	hyperSFN-LSB-r13				BIT STRING (SIZE (2)),
	schedulingInfoSIB1-r13			INTEGER (0..15),
	systemInfoValueTag-r13			INTEGER (0..31),
	ab-Enabled-r13					BOOLEAN,
	operationModeInfo-r13			CHOICE {
		inband-SamePCI-r13				Inband-SamePCI-NB-r13,
		inband-DifferentPCI-r13			Inband-DifferentPCI-NB-r13,
		guardband-r13					Guardband-NB-r13,
		standalone-r13					Standalone-NB-r13
	},
	spare							BIT STRING (SIZE (11))
}

There are two aspects need to be considered on the configurations of operations modes. The first one is channel raster and the second one is LTE CRS. The raster issue for guardband and inband operation can be the same, i.e. same MDL can be configured for inband and guardband, with {+/-2.5 kHz, +/- 7.5kHz} shift allowed. But the raster for standalone is different because MDL = -0.5 for standalone anchor and always on the 100 kHz raster. And for signalling “inband” case, the NB-IoT UE expects the presence of LTE on NB-IoT PRB and expects to find CRS. Hence for NB-IoT operating in NR in-band, the possibility of configurations on the four operation modes are investigated in the following.
f) MIB indicates guardband
· {+/-2.5 kHz, +/- 7.5kHz} shift is allowed
· No backwards compatibility issue

g) MIB indicates standalone
· There is raster issue, two PRBs need to be reserved

h) MIB indicates inband-DifferentPCI
· NB-IoT will drop the LTE CRS RE

i) MIB indicate inband-SamePCI in the left side of the center frequency of the NR carrier
· The NB-IoT carrier frequency position can be kept, the CRS for the RB need to be transmitted to NB-IoT UE although LTE is not there. NB-IoT UE will utilize the LTE CRS

j) MIB indicate inband-SamePCI in the right side of the center frequency of the NR carrier
e)-1: one NR PRB is reserved. The NB-IoT carrier frequency position cannot be kept.
· The parameter in following table can not be fulfilled anymore due to the LTE DC, hence there is a backwards compatibility issue in the case.

36.213 Table 16.8-1: Definition of eutra-CRS-SequenceInfo
	eutra-CRS-
SequenceInfo
	E-UTRA PRB index [image: cid:image005.png@01D4F75E.271D86E0]for odd number of [image: cid:image006.png@01D4F75E.271D86E0]
	Raster offset
	eutra-CRS-
SequenceInfo
	E-UTRA PRB index [image: cid:image005.png@01D4F75E.271D86E0]for even number of [image: cid:image006.png@01D4F75E.271D86E0]
	Raster offset

	0
	-35
	-7.5 kHz
	14
	-46
	+2.5 kHz

	1
	-30
	
	15
	-41
	

	2
	-25
	
	16
	-36
	

	3
	-20
	
	17
	-31
	

	4
	-15
	
	18
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	5
	-10
	
	19
	-21
	

	6
	-5
	
	20
	-16
	

	7
	5
	+7.5 kHz
	21
	-11
	

	8
	10
	
	22
	-6
	

	9
	15
	
	23
	5
	-2.5 kHz

	10
	20
	
	24
	10
	

	11
	25
	
	25
	15
	

	12
	30
	
	26
	20
	

	13
	35
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	25
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	30
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e)-2: two NR PRBs are reserved.
· The NB-IoT carrier frequency position can be kept, the CRS need to be transmitted to NB-IoT UE although LTE is not there.

From the discussion above, guard band operation mode may have a slightly better performance and other operation modes are also feasible with some side conditions to avoid backward compatibility issue.

<End of TP>
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