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Introduction
The Rel-16 work item on additional enhancements for NB-IoT includes the objective of specifying NB-IoT resource reservation for UL/DL FDD/TDD NB-IoT non-anchor carriers to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [1].
	[bookmark: _Hlk516692042]Coexistence with NR
· Specify NB-IoT resource reservation for UL/DL FDD/TDD NB-IoT non-anchor carriers, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [RAN1, RAN2, RAN4].



RAN1 has discussed resource reservation in connected mode for UL/DL FDD/TDD on NB-IoT non-anchor carriers and made corresponding agreements [2].
RAN1 has specified resource reservation for NR in TS 36.211 [4], TS 36.212 [5] and TS 36.213 [6] and sent to RAN2 the list of parameters to be configured by upper layers [3].
RAN1 has discussed optionality, dependency and FDD/TDD differentiation for resource reservation in UL and DL but has not yet concluded [7].

In this document we discuss the impact on RAN2 specifications to introduce resource reservation for coexistence with NR.
Discussion
Resource reservation in NB-IoT
RAN1 has agreed resource reservation for FDD and TDD. In the following, we discuss first FDD and then we will discuss whether the signalling can be optimised for TDD.
Resource reservation for FDD 
RAN1 has agreed that resource reservation for UL and DL was only applicable for unicast, for NB-IoT non-anchor carrier and that the configuration was carrier specific. 
Proposal 1: Resource reservation for NR coexistence is provided via RRC dedicated signalling.

The resource reservation specifies the subframes / slots that be used for unicast transmission, thus it should be part of the physical channel configuration.
Proposal 2: The resource reservation configuration is provided in PhysicalConfigDedicated-NB.

As the resource configuration is carrier specific, it could be introduced as an extension of IE CarrierConfigDedicated-NB-r13. However, as RAN2 has defined some specific rules to avoid signalling the carrierConfigDedicated when the eNB configures the UE with the carrier used during the random access procedure and that the resource reservation is not signalled in SIB, it seems preferable to introduce the resource configuration as an independent IE.
Proposal 3: The resource reservation configuration is provided in PhysicalConfigDedicated-NB as a new Rel-16 IE, i.e. not as an extension of CarrierConfigDedicated-NB. 

RAN1 has agreed resource reservation for UL and DL, defined separate parameters for UL and DL and did not specify any dependency meaning the configurations are independent.
RAN1 has defined a similar set of parameters for DL and UL resource reservation. However, the value range of some parameters, e.g. symbol level configuration, are different for UL and DL.
Proposal 4: For FDD, separate and independent UL and DL configuration parameters are introduced for UL and DL resource reservation.  

The table below is the list of parameters defined by RAN1 for the DL resource reservation [3].
	Parameter name in the spec
	Description
	Value range

	valid-subframe-config-DL
	Configuration of subframe-level dowllink time-domain resource reservation for non-anchor carrier.
	{10ms, 40ms}

	slot-reserved-resource-config-DL
	Configuration of slot level downlink time-domain resource reservation for non-anchor carrier.
	 {20 bits, 80bits}

	symbol- reserved-resource-config-DL-second-slot
	Configuration of symbol-level downlink time-domain resource reservation for non-anchor carrier (for the second slot in a subframe)
This parameter can be configured only if "slot-reserved-resource-config-DL" is configured
	{5 bits}

	symbol- reserved-resource-config-DL-first-slot
	Configuration of symbol-level downlink time-domain resource reservation for non-anchor carrier (for the first slot in a subframe)
This parameter can be configured only if "slot-reserved-resource-config-DL" is configured
	{5 bits}

	reserved-resource-DL-time-periodicity
	Configuration of periodicity in milliseconds for downlink time-domain resource reservation for unicast transmission.
	10, 20, 40, 80, 160

	reserved-resource-DL-time-start-position
	Configuration of start position in milliseconds for downlink time-domain resource reservation for unicast transmission.
	For 10ms periodicity, {0}.
For 20ms periodicity, {0, 10}.
For 40ms periodicity, {0, 10, 20, 30}.
For 80ms periodicity, {0, 10, 20, 30, 40, 50, 60, 70}.
For 160ms periodicity, {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150}.



The resource reservation is illustrated in the figure below;
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Figure 1: Resource reservation configuration
The resource reservation configuration includes:
· a periodicity (reserved-resource-DL-time-periodicity)
· a start position (reserved-resource-DL-time-start-position)
· one or multiple bitmap(s):
either:
· a subframe level bitmap (valid-subframe-config-DL)
or:
· a slot level bitmap (slot-reserved-resource-config-DL)
· optional, a symbol level bitmap for the 1st slot (symbol-reserved-resource-config-DL-first-slot).
· optional, a symbol level bitmap for the 2nd slot (symbol-reserved-resource-config-DL-second-slot).

Based on the above, an outline of the ASN.1 structure for the DL resource reservation could be as below:
-- ASN1START

NR-ResourceReservationConfig-DL-NB-r16::=	SEQUENCE {
	periodicity-r16				ENUMERATED {ms10, ms20, ms40, ms80, ms160, spare1},
	startPosition-r16			INTEGER (0..15),
	resourceReservation-r16		CHOICE {
		subframeBitmap-r16			CHOICE {
			subframePattern10ms-r16		BIT STRING (SIZE (10)),
			subframePattern40ms-r16		BIT STRING (SIZE (40))
			},
		slotConfig-r16				SEQUENCE {
			slotBitmap-r16				CHOICE {
				slotPattern10ms-r16			BIT STRING (SIZE (20)),
				slotPattern40ms-r16			BIT STRING (SIZE (80))
			}
			symbolBitmap1-r16		BIT STRING (SIZE (5))	OPTIONAL,
			symbolBitmapt2-r16		BIT STRING (SIZE (5))	OPTIONAL
		}
	}
}
-- ASN1STOP

Proposal 5: For FDD DL, adopt the proposed ASN1 structure as a baseline. 

For the UL, the ASN.1 structure will be identical, the only difference is that the symbol bitmaps are 7 bit long.
Proposal 6: For FDD UL, adopt as similar ASN.1 structure as for FDD DL with a symbol bitmap of 7 bits. 

Note that an alternative would be to have the same structure with a 7 bit symbol bitmap in UL and DL and clarify in the field description that the symbol corresponding to NRS are always set to ‘not reserved’. The signalling would be simpler but slightly less efficient.
Resource reservation for TDD 
For TDD, our understanding is that UL and DL share the same configuration, same as valid DL/UL subframe configuration in Rel-15.
With regard to the different sizes of the symbol bitmaps in DL and UL, we understand this is a RAN1 signalling optimisation for FDD as RAN1 has agreed that the symbols carrying NRS were not reserved. However, for TDD, the NRS pattern is complex for special subframe, thus it is preferable to signal 7 bits always, the UE will still regard the symbol as not reserved if it carries NRS.

Proposal 7: For TDD, signal one single resource reservation parameters set for UL and DL. The same ASN.1 structure as for FDD UL can be used.
Proposal 8: Adopt the ASN.1 structure below for PhysicalConfigDedicated-NB.
-- ASN1START

PhysicalConfigDedicated-NB-r13 ::=	SEQUENCE {
	carrierConfigDedicated-r13			CarrierConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	npdcch-ConfigDedicated-r13			NPDCCH-ConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	npusch-ConfigDedicated-r13			NPUSCH-ConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	uplinkPowerControlDedicated-r13		UplinkPowerControlDedicated-NB-r13	OPTIONAL,	-- Need ON
	...,
	[[	twoHARQ-ProcessesConfig-r14		ENUMERATED {true}	OPTIONAL	-- Need OR
	]],
	[[	interferenceRandomisationConfig-r14	ENUMERATED {true}	OPTIONAL	-- Need OR
	]],
	[[	npdcch-ConfigDedicated-v1530	NPDCCH-ConfigDedicated-NB-v1530		OPTIONAL	-- Cond TDD
	]],
	[[	additionalTxSIB1-Config-v1540	ENUMERATED {true}	OPTIONAL	-- Cond additionalSIB1
	]],
	[[	nr-ResourceResvConfigFddDl-r16		NR-ResourceResvConfigFddDl-NB-r16 OPTIONAL,	-- Cond FDD 
		nr-ResourceResvConfigFddUlOrTdd-r16	NR-ResourceResvConfigFddUlOrTdd-NB-r16 OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

Capability signalling
RAN1 has started the discussion on optionality, dependency and TDD/FDD differentiation [7] but has not concluded yet.
Whatever the conclusion in RAN1, it is clear that the feature will need to be tested before being deployed. Thus, in order not to prevent other feature deployment, either capability or IOT bit will be needed.
As RAN1 has agreed complete independence between UL and DL resource reservation, we propose to introduce separate capability for UL and DL in Both FDD and TDD.
Proposal 9: For FDD, introduce two capabilities nr-ResourceResvUL-r16 and nr-ResourceResvDL-r16 in PhyLayerParameters-NB-v16xy
PhyLayerParameters-NB-v16xy	::=		SEQUENCE {
	multiTB-UL-r16						ENUMERATED {supported}			OPTIONAL,
	multiTB-DL-r16						ENUMERATED {supported}			OPTIONAL,
	nr-ResourceResvUL-r16				ENUMERATED {supported}			OPTIONAL,
	nr-ResourceResvDL-r16				ENUMERATED {supported}			OPTIONAL
}

Proposal 10: For TDD, introduce the same two capabilities in TDD-UE-Capability-NB-v16xy

UE-Capability-NB-v16xy-IEs ::=		SEQUENCE {
	earlyData-UP-5GC-r16				ENUMERATED {supported}			OPTIONAL,
	pur-CP-r16							ENUMERATED {supported}			OPTIONAL,
	pur-UP-r16							ENUMERATED {supported}			OPTIONAL,
	mac-Parameters-v16xy				MAC-Parameters-NB-v16xy,
	phyLayerParameters-v16xy			PhyLayerParameters-NB-v16xy,
	tdd-UE-Capability-rv16xy			TDD-UE-Capability-NB-v16xy		OPTIONAL,
	son-Parameters-r16					SON-Parameters-NB-r16,
	meas-Parameters-r16					Meas-Parameters-NB-r16,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

TDD-UE-Capability-v16xy ::=		SEQUENCE {
	nr-ResourceResvUL-r16			ENUMERATED {supported}			OPTIONAL,
	nr-ResourceResvDL-r16			ENUMERATED {supported}			OPTIONAL
}

Proposal 11: Wait for RAN1 conclusion and capture in TS 36.306 whether they are capabilities or IOT bits. 
Conclusion
In this document, we have discussed the introduction of Resource reservation for coexistence with NR and made the following proposals:
Proposal 1: Resource reservation for NR coexistence is provided via RRC dedicated signalling.
Proposal 2: The resource reservation configuration is provided in PhysicalConfigDedicated-NB.
Proposal 3: The resource reservation configuration is provided in PhysicalConfigDedicated-NB as a new Rel-16 IE, i.e. not as an extension of CarrierConfigDedicated-NB. 
Proposal 4: For FDD, separate and independent UL and DL configuration parameters are introduced for UL and DL resource reservation.  
Proposal 5: For FDD DL, adopt the proposed ASN1 structure as a baseline. 
Proposal 6: For FDD UL, adopt as similar ASN.1 structure with a symbol bitmap of 7 bits.
Proposal 7: For TDD, signal one single resource reservation parameters set for UL and DL. The same ASN.1 structure as for FDD UL can be used.
Proposal 8: Adopt the proposed ASN.1 structure for PhysicalConfigDedicated-NB.
Proposal 9: For FDD, introduce two capabilities nr-ResourceResvUL-r16 and nr-ResourceResv-DL-r16 in PhyLayerParameters-NB-v16xy.
Proposal 10: For TDD, introduce the same two capabilities in TDD-UE-Capability-NB-v16xy.
Proposal 11: Wait for RAN1 conclusion and capture in TS 36.306 whether they are capabilities or IOT bits. 

We have provided corresponding a text proposal for TS 36.331 in annex 5 based on the RRC NB-IoT running CR in [8].
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[bookmark: _Toc12746161]6.7.3.2	NB-IoT Radio resource control information elements

[bookmark: _Toc12746174]–	PhysicalConfigDedicated-NB
The IE PhysicalConfigDedicated-NB is used to specify the UE specific physical channel configuration.
PhysicalConfigDedicated-NB information element
-- ASN1START

PhysicalConfigDedicated-NB-r13 ::=	SEQUENCE {
	carrierConfigDedicated-r13			CarrierConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	npdcch-ConfigDedicated-r13			NPDCCH-ConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	npusch-ConfigDedicated-r13			NPUSCH-ConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	uplinkPowerControlDedicated-r13		UplinkPowerControlDedicated-NB-r13	OPTIONAL,	-- Need ON
	...,
	[[	twoHARQ-ProcessesConfig-r14		ENUMERATED {true}	OPTIONAL	-- Need OR
	]],
	[[	interferenceRandomisationConfig-r14	ENUMERATED {true}	OPTIONAL	-- Need OR
	]],
	[[	npdcch-ConfigDedicated-v1530	NPDCCH-ConfigDedicated-NB-v1530		OPTIONAL	-- Cond TDD
	]],
	[[	additionalTxSIB1-Config-v1540	ENUMERATED {true}	OPTIONAL	-- Cond additionalSIB1
[bookmark: _GoBack]	]],
	[[	multiTB-Config-r16		    	MultiTB-Config-NB-r16			OPTIONAL,	-- Need OR
		nr-ResourceResvConfigFddDl-r16		NR-ResourceResvConfigFddDl-NB-r16 OPTIONAL,	-- Cond FDD-NonAnchor 
		nr-ResourceResvConfigFddUlOrTdd-r16	NR-ResourceResvConfigFddUlOrTdd-NB-r16 OPTIONAL	-- Cond FDDorTDD-NonAnchor
	]]

}

-- ASN1STOP

	PhysicalConfigDedicated-NB field descriptions

	carrierConfigDedicated
Anchor/ non-anchor carrier used for all unicast transmissions.

	interferenceRandomisationConfig
For FDD: Interference randomisation enabled in connected mode, except for random access procedure in connected mode, see TS 36.211 [21]. For random access in connected mode interference randomisation on non-anchor is used and is not used on anchor carrier, see TS 36.211 [21].
For TDD: the parameter is not present.

	npdcch-ConfigDedicated
NPDCCH configuration.

	npusch-ConfigDedicated
UL unicast configuration.

	nr-ResourceResvConfigFddDl
For FDD: Configuration of downlink reserved resources for NB-IoT co-existence with NR, see TS 36.211 [21], TS 36.212 [22], and TS 36.213 [22].

	nr-ResourceResvConfigFddUlOrTdd
For FDD: Configuration of uplink reserved resources for NB-IoT co-existence with NR, see TS 36.211 [21], TS 36.212 [22], and TS 36.213 [22].
For TDD: Configuration of uplink and downlink reserved resources for NB-IoT co-existence with NR, see TS 36.211 [21], TS 36.212 [22], and TS 36.213 [22].

	twoHARQ-ProcessesConfig
Activation of two HARQ processes, see TS 36.212 [22] and TS 36.213 [23].

	uplink-PowerControlDedicated
UL power control parameter.

	additionalTxSIB1-Config
Indicates if subframe #3 not containing additional SIB1 transmission is a NB-IoT DL subframe, as specified in TS 36.213 [23], subclause 16.4.



	Conditional presence
	Explanation

	FDD-NonAnchor
	The field is optionally present, Need ON, for a FDD non-anchor carrier; otherwise the field is not present and the UE shall delete any existing value for this field.

	FDDorTDD-NonAnchor
	The field is optionally present, Need ON, for a FDD or TDD non-anchor carrier; otherwise the field is not present and the UE shall delete any existing value for this field.

	TDD
	The field is optionally present, Need OR, for TDD; otherwise the field is not present and the UE shall delete any existing value for this field.

	additionalSIB1
	This field is optionally present, Need OR, if additionalTransmissionSIB1 is set to TRUE in MasterInformationBlock-NB; otherwise it is not present.
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–	NR-ResourceResvConfigFddDl-NB
The IE NR-ResourceResvConfigFddDl-NB is used to specify the reserved downlink resources in FDD for NB-IoT coexistence with NR.
NR-ResourceResvConfigFddDl-NB information element
-- ASN1START
NR-ResourceResvConfigFddDl-NB-r16::=	SEQUENCE {
	release					NULL,
	setup					SEQUENCE {
		periodicity-r16				ENUMERATED {ms10, ms20, ms40, ms80, ms160, spare3, spare2, spare1},
		startPosition-r16			INTEGER (0..15),
		resourceReservation-r16		CHOICE {
			subframeBitmap-r16			CHOICE {
				subframePattern10ms-r16		BIT STRING (SIZE (10)),
				subframePattern40ms-r16		BIT STRING (SIZE (40))
			},
			slotConfig-r16				SEQUENCE {
				slotBitmap-r16				CHOICE {
					slotPattern10ms-r16			BIT STRING (SIZE (20)),
					slotPattern40ms-r16			BIT STRING (SIZE (80))
				},
				symbolBitmap1-r16			BIT STRING (SIZE (5))	OPTIONAL,
				symbolBitmap2-r16			BIT STRING (SIZE (5))	OPTIONAL
			}
		}
	}
}

-- ASN1STOP

	NR-ResourceResvConfigFddDl field descriptions

	periodicity
Periodicity of the reserved resource, see TS 36.2xx [xx]. Unit in millisecond. Value ms10 corresponds to 10 milliseconds, value ms20 corresponds to 20 milliseconds and so on.

	slotPattern10ms, slotPattern40ms
For FDD: Downlink slot-level resource reservation configuration over 10ms or 40ms.
Parameter slot-reserved-resource-config-DL in TS 36.211 [21]. 
The first/leftmost bit corresponds to the subframe #0 of the radio frame satisfying SFN mod x = startPosition, where x is the periodicity of the reserved resource divided by 10. Two bits for each subframe coded as:
00: both slots is not reserved
01: the first slot is not reserved, the second slot is reserved
10: the first slot is reserved, the second slot is not reserved
11: both slots are reserved

	startPosition
Start time of the resource reservation pattern in one period, see TS 36.2xx [xx]. Unit in multiple of 10 milliseconds. 
E-UTRAN configures the value of startPosition such as startPosition * 10 < periodicity.

	subframePattern10ms, subframePattern40ms
For FDD: Downlink subframe-level resource reservation configuration over 10ms or 40ms. 
Parameters valid-subframe-config-DL in TS 36.211 [21] and TS 36.213 [23]. 
The first/leftmost bit corresponds to the subframe #0 of the radio frame satisfying SFN mod x = startPosition, where x is the periodicity of the reserved resource divided by 10. Value 0 indicates that the corresponding subframe is not reserved, value 1 indicates that the corresponding subframe is reserved.

	symbolBitmap1, symbolBitmap2
For FDD: Downlink symbol-level resource reservation over the first or the second slot of one subframe, see TS 36.2xx [xx]. 
The first/leftmost bit corresponds to the symbol #0 in the slot. Value 0 indicates that the corresponding symbol is not reserved, value 1 indicates that the corresponding symbol is reserved. Symbols that carry NRS are not reserved.



–	NR-ResourceResvConfigFddUlOrTdd-NB
The IE NR-ResourceResvConfigFddUlorTdd-NB is used to specify the reserved uplink resource in FDD or the reserved uplink and downlink resources in TDD for NB-IoT coexistence with NR.
NR-ResourceResvConfigFddUlOrTdd-NB information element
-- ASN1START

NR-ResourceResvConfigFddUlOrTdd-NB-r16::=	SEQUENCE {
	release					NULL,
	setup					SEQUENCE {
		periodicity-r16				ENUMERATED {ms10, ms20, ms40, ms80, ms160, spare3, spare2, spare1},
		startPosition-r16			INTEGER (0..15),
		resourceReservation-r16		CHOICE {
			subframeBitmap-r16			CHOICE {
				subframePattern10ms-r16		BIT STRING (SIZE (10)),
				subframePattern40ms-r16		BIT STRING (SIZE (40))
			},
			slotConfig-r16				SEQUENCE {
				slotBitmap-r16				CHOICE {
					slotPattern10ms-r16			BIT STRING (SIZE (20)),
					slotPattern40ms-r16			BIT STRING (SIZE (80))
				},
				symbolBitmap1-r16			BIT STRING (SIZE (7))	OPTIONAL,
				symbolBitmapt2-r16			BIT STRING (SIZE (7))	OPTIONAL
			}
		}
	}
}

-- ASN1STOP

	NR-ResourceResvConfigFddDl field descriptions

	periodicity
Periodicity of the reserved resource, see TS 36.2xx [xx]. Unit in millisecond. Value ms10 corresponds to 10 milliseconds, value ms20 corresponds to 20 milliseconds and so on.

	slotPattern10, slotPattern40
For FDD: Uplink slot-level resource reservation configuration over 10ms or 40ms.
For TDD: Uplink and downlink slot-level resource reservation configuration over 10ms or 40ms.
Parameters slot-reserved-resource-config-DL and slot-reserved-resource-config-UL in TS 36.211 [21]. 
The first/leftmost bit corresponds to the subframe #0 of the radio frame satisfying SFN mod x = startPosition, where x is the periodicity of the reserved resource divided by 10. Two bits for each subframe coded as:
00: both slots is not reserved
01: the first slot is not reserved, the second slot is reserved
10: the first slot is reserved, the second slot is not reserved
11: both slots are reserved

	startPosition
Start time of the resource reservation pattern in one period, see TS 36.2xx [xx].  Unit in multiple of 10 milliseconds. 

	subframePattern10, subframePattern40
For FDD: Uplink subframe-level resource reservation configuration over 10ms or 40ms. 
For TDD: Uplink and downlink subframe-level resource reservation configuration over 10ms or 40ms. 
Parameters valid-subframe-config-DL and valid-subframe-config-UL in TS 36.211 [21] and TS 36.213 [23]. 
The first/leftmost bit corresponds to the subframe #0 of the radio frame satisfying SFN mod x = startPosition, where x is the periodicity of the reserved resource divided by 10. Value 0 indicates that the corresponding subframe is not reserved, value 1 indicates that the corresponding subframe is reserved.

	symbolBitmap1, symbolBitmap2
For FDD: Downlink symbol-level resource reservation over the first or the second slot of one subframe.
For TDD: Uplink and downlink symbol-level resource reservation over the first or the second slot of one subframe. 
See TS 36.2xx [xx]. 
The first/leftmost bit corresponds to the symbol #0 in the slot. Value 0 indicates that the corresponding symbol is not reserved, value 1 indicates that the corresponding symbol is reserved. Symbols that carry NRS are not reserved.
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[bookmark: _Toc12746195][bookmark: _Toc12746197]6.7.3.6	NB-IoT Other information elements
–	UE-Capability-NB
The IE UE-Capability-NB is used to convey the NB-IoT UE Radio Access Capability Parameters, see TS 36.306 [5]. The IE UE-Capability-NB is transferred in NB-IoT only.
UE-Capability-NB information element
-- ASN1START

UE-Capability-NB-r13 ::=		SEQUENCE {
	accessStratumRelease-r13		AccessStratumRelease-NB-r13,
	ue-Category-NB-r13				ENUMERATED {nb1}					OPTIONAL,
	multipleDRB-r13					ENUMERATED {supported}				OPTIONAL,
	pdcp-Parameters-r13				PDCP-Parameters-NB-r13				OPTIONAL,
	phyLayerParameters-r13			PhyLayerParameters-NB-r13,
	rf-Parameters-r13				RF-Parameters-NB-r13,
	dummy							SEQUENCE {}							OPTIONAL
}

UE-Capability-NB-Ext-r14-IEs ::=		SEQUENCE {
	ue-Category-NB-r14					ENUMERATED {nb2}				OPTIONAL,
	mac-Parameters-r14					MAC-Parameters-NB-r14			OPTIONAL,
	phyLayerParameters-v1430			PhyLayerParameters-NB-v1430		OPTIONAL,
	rf-Parameters-v1430					RF-Parameters-NB-v1430,
	nonCriticalExtension				UE-Capability-NB-v1440-IEs		OPTIONAL
}

UE-Capability-NB-v1440-IEs ::=		SEQUENCE {
	phyLayerParameters-v1440			PhyLayerParameters-NB-v1440		OPTIONAL,
	nonCriticalExtension				UE-Capability-NB-v14x0-IEs		OPTIONAL
}

UE-Capability-NB-v14x0-IEs ::=		SEQUENCE {
-- Following field is only to be used for late REL-14 extensions
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	nonCriticalExtension				UE-Capability-NB-v1530-IEs		OPTIONAL
}

UE-Capability-NB-v1530-IEs ::=		SEQUENCE {
	earlyData-UP-r15					ENUMERATED {supported}			OPTIONAL,
	rlc-Parameters-r15					RLC-Parameters-NB-r15,
	mac-Parameters-v1530				MAC-Parameters-NB-v1530,
	phyLayerParameters-v1530			PhyLayerParameters-NB-v1530		OPTIONAL,
	tdd-UE-Capability-r15				TDD-UE-Capability-NB-r15		OPTIONAL,	nonCriticalExtension				UE-Capability-NB-v15x0-IEs	OPTIONAL
}
UE-Capability-NB-v15x0-IEs ::=		SEQUENCE {
-- Following field is only to be used for late REL-15 extensions
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	nonCriticalExtension				UE-Capability-NB-v16xy-IEs		OPTIONAL
}

UE-Capability-NB-v16xy-IEs ::=		SEQUENCE {
	earlyData-UP-5GC-r16				ENUMERATED {supported}			OPTIONAL,
	pur-CP-r16							ENUMERATED {supported}			OPTIONAL,
	pur-UP-r16							ENUMERATED {supported}			OPTIONAL,
	mac-Parameters-v16xy				MAC-Parameters-NB-v16xy,
	phyLayerParameters-v16xy			PhyLayerParameters-NB-v16xy,
	TDD-UE-Capability-v16xy				TDD-UE-Capability-NB-v16xy,
	son-Parameters-r16					SON-Parameters-NB-r16,
	meas-Parameters-r16					Meas-Parameters-NB-r16,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

TDD-UE-Capability-NB-r15 ::=		SEQUENCE {
	ue-Category-NB-r15					ENUMERATED {nb2}				OPTIONAL,
	phyLayerParametersRel13-r15			PhyLayerParameters-NB-r13		OPTIONAL,
	phyLayerParametersRel14-r15			PhyLayerParameters-NB-v1430		OPTIONAL,
	phyLayerParameters-v1530			PhyLayerParameters-NB-v1530		OPTIONAL,
	...
}

TDD-UE-Capability-NB-v16xy ::=		SEQUENCE {
	nr-ResourceResvUL-r16					ENUMERATED {supported}			OPTIONAL,
	nr-ResourceResvDL-r16				ENUMERATED {supported}			OPTIONAL
}

AccessStratumRelease-NB-r13 ::=		ENUMERATED {rel13, rel14, rel15, rel16, spare4, spare3, spare2, spare1, ...}

PDCP-Parameters-NB-r13		::= SEQUENCE {
	supportedROHC-Profiles-r13			SEQUENCE {
		profile0x0002						BOOLEAN,
		profile0x0003						BOOLEAN,
		profile0x0004						BOOLEAN,
		profile0x0006						BOOLEAN,
		profile0x0102						BOOLEAN,
		profile0x0103						BOOLEAN,
		profile0x0104						BOOLEAN
	},
	maxNumberROHC-ContextSessions-r13	ENUMERATED {cs2, cs4, cs8, cs12}	DEFAULT cs2,
	...
}

RLC-Parameters-NB-r15		::=		SEQUENCE {
	rlc-UM-r15							ENUMERATED {supported}				OPTIONAL
}

MAC-Parameters-NB-r14		::=		SEQUENCE {
	dataInactMon-r14					ENUMERATED {supported}					OPTIONAL,
	rai-Support-r14						ENUMERATED {supported}				OPTIONAL
}

MAC-Parameters-NB-v1530		::=		SEQUENCE {
	sr-SPS-BSR-r15						ENUMERATED {supported}			OPTIONAL
}

MAC-Parameters-NB-v16xy		::=		SEQUENCE {
	rai-EPC-r16							ENUMERATED {supported}			OPTIONAL
}

Meas-Parameters-NB-r16		::=		SEQUENCE {
	dl-ChannelQualityReporting-r16		ENUMERATED {supported}			OPTIONAL
}

PhyLayerParameters-NB-r13	::=		SEQUENCE {
	multiTone-r13						ENUMERATED {supported}			OPTIONAL,
	multiCarrier-r13						ENUMERATED {supported}			OPTIONAL
	}

PhyLayerParameters-NB-v1430	::=		SEQUENCE {
	multiCarrier-NPRACH-r14				ENUMERATED {supported}			OPTIONAL,
	twoHARQ-Processes-r14				ENUMERATED {supported}			OPTIONAL
}

PhyLayerParameters-NB-v1440	::=		SEQUENCE {
	interferenceRandomisation-r14		ENUMERATED {supported}			OPTIONAL
}

PhyLayerParameters-NB-v1530	::=		SEQUENCE {
	mixedOperationMode-r15				ENUMERATED {supported}			OPTIONAL,
	sr-WithHARQ-ACK-r15					ENUMERATED {supported}			OPTIONAL,
	sr-WithoutHARQ-ACK-r15				ENUMERATED {supported}			OPTIONAL,
	nprach-Format2-r15					ENUMERATED {supported}			OPTIONAL,
	additionalTransmissionSIB1-r15		ENUMERATED {supported}			OPTIONAL,
	npusch-3dot75kHz-SCS-TDD-r15		ENUMERATED {supported}			OPTIONAL
}

PhyLayerParameters-NB-v16xy	::=		SEQUENCE {
	multiTB-UL-r16						ENUMERATED {supported}			OPTIONAL,
	multiTB-DL-r16						ENUMERATED {supported}			OPTIONAL,
	nr-ResourceResvUL-r16				ENUMERATED {supported}			OPTIONAL,
	nr-ResourceResvDL-r16				ENUMERATED {supported}			OPTIONAL
	}

RF-Parameters-NB-r13	::=			SEQUENCE {
	supportedBandList-r13				SupportedBandList-NB-r13,
	multiNS-Pmax-r13					ENUMERATED {supported}		OPTIONAL
}

RF-Parameters-NB-v1430 ::=			SEQUENCE {
	powerClassNB-14dBm-r14				ENUMERATED {supported}		OPTIONAL
}

SupportedBandList-NB-r13 ::=		SEQUENCE (SIZE (1..maxBands)) OF SupportedBand-NB-r13

SupportedBand-NB-r13	::=			SEQUENCE {
	band-r13							FreqBandIndicator-NB-r13,
	powerClassNB-20dBm-r13				ENUMERATED {supported}		OPTIONAL
}

SON-Parameters-NB-r16 ::=			SEQUENCE {
	anr-Report-r16						ENUMERATED {supported}		OPTIONAL
}

-- ASN1STOP

	UE-Capability-NB field descriptions
	FDD/TDD appl
	FDD/TDD diff

	accessStratumRelease
Set to rel15 in this version of the specification.
	FDD/TDD
	No

	additionalTransmissionSIB1
Indicates whether the UE supports additional SIB1 transmission as specified in TS 36.213 [23].
	FDD
	-

	anr-Report
Indicates whether the UE supports ANR measurements in RRC_IDLE.
	FFS
	FFS

	dataInactMon
Indicates whether the UE supports the data inactivity monitoring as specified in TS 36.321 [6].
	FDD/TDD
	No

	dl-ChannelQualityReporting-r16
Indicates whether the UE supports DL channel quality reporting in connected mode as specified in TS 36.321 [6].
	FDD
	-

	dummy
This field is not used in the specification. It shall not be sent by the UE.
	NA
	NA

	earlyData-UP
Indicates whether the UE supports EDT for User plane CIoT EPS optimisations, as defined in TS 24.301 [35].
	FDD
	-

	earlyData-UP-5GC
Indicates whether the UE supports EDT for User plane CIoT 5GS optimisations, as defined in TS 24.501 [95].
	FDD
	-

	interferenceRandomisation
For FDD: Indicates whether the UE supports interference randomisation in connected mode as defined in TS.36.211 [21].
	FDD
	-

	maxNumberROHC-ContextSessions
Set to the maximum number of concurrently active ROHC contexts supported by the UE, excluding context sessions that leave all headers uncompressed. cs2 corresponds with 2 (context sessions), cs4 corresponds with 4 and so on. The network ignores this field if the UE supports none of the ROHC profiles in supportedROHC-Profiles.
	FDD/TDD
	No

	mixedOperationMode
Defines whether the UE supports multi-carrier operation with mixed operation mode, standalone or inband/guardband, between the anchor carrier and the non-anchor carrier for unicast, paging, and random access as specified in TS 36.300 [9].
	FDD
	-

	multiCarrier
Defines whether the UE supports multi -carrier operation.
	FDD/TDD
	Yes

	multicarrier-NPRACH
Defines whether the UE supports NPRACH on non-anchor carrier as specified in TS 36.321 [6].
	FDD/TDD
	Yes

	multipleDRB
Defines whether the UE supports multiple DRBs.
	FDD/TDD
	No

	multiNS-Pmax
Defines whether the UE supports the mechanisms defined for NB-IoT cells broadcasting NS-PmaxList-NB.
	FDD/TDD
	No

	multiTB-DL
Defines whether the UE supports DL multiple TBs scheduling in RRC_CONNECTED.
	FFS
	FFS

	multiTB-UL
Defines whether the UE supports UL multiple TBs scheduling in RRC_CONNECTED.
	FFS
	FFS

	multiTone
Defines whether the UE supports UL multi-tone transmissions on NPUSCH.
	FDD/TDD
	Yes

	nprach-Format2
Defines whether the UE supports NPRACH resources using preamble format 2.
	FDD
	-

	npusch-3dot75kHz-SCS-TDD
Indicates whether the UE supports NPUSCH with 3.75kHz SCS for TDD.
	TDD
	-

	nr-ResourceResvDL
Defines whether the UE supports DL resource reservation for NB-IoT coexistence with NR.
	FDD/TDD
	Yes

	nr-ResourceResvUL
Defines whether the UE supports UL resource reservation for NB-IoT coexistence with NR.
	FDD/TDD
	Yes

	powerClassNB-14dBm
Defines whether the UE supports power class 14dBm in all the bands supported by the UE as specified in TS 36.101 [42].
If powerClassNB-20dBm is included, the UE shall not include the field powerClassNB-14dBm.
	FDD/TDD
	No

	powerClassNB-20dBm
Defines whether the UE supports power class 20dBm in NB-IoT for the band, as specified in TS 36.101 [42]. If neither powerClassNB-14dBm nor powerClassNB-20dBm is included, UE supports power class 23 dBm in the NB-IoT band.
	FDD/TDD
	No

	pur-CP
Indicates whether the UE supports transmission using preconfigured uplink resource for Control plane CIoT EPS/5GS optimisations, as defined in TS 24.301 [35] and TS 24.501 [95].
	FDD
	-

	pur-UP
Indicates whether the UE supports transmission using preconfigured uplink resource for User plane CIoT EPS/5GS optimisations, as defined in TS 24.301 [35] and TS 24.501 [95].
	FDD
	-

	rai-EPC
Indicates whether the UE supports Release Aassistance indication (RAI) MAC CE as specified in TS 36.321 [6] when connected to EPC.
	FFS
	FFS

	rai-Support
Defines whether the UE supports release assistance indication (RAI) as specified in TS 36.321 [6].
	FDD/TDD
	No

	rlc-UM
Defines whether the UE supports RLC UM as specified in TS 36.322 [7].
	FDD/TDD
	No

	supportedBandList
Includes the supported NB-IoT bands as defined in TS 36.101 [42].
	FDD/TDD
	No

	sr-SPS-BSR	
Defines whether the UE supports SR using SPS BSR as specified in TS 36.321 [6].
	FDD
	-

	sr-withHARQ-ACK	
Defines whether the UE supports physical layer SR with HARQ ACK as specified in TS 36.213 [23].
	FDD
	-

	sr-withoutHARQ-ACK	
Defines whether the UE supports physical layer SR without HARQ ACK as specified in TS 36.211 [21] and TS 36.213 [23].
	FDD
	-

	supportedROHC-Profiles
List of supported ROHC profiles as defined in TS 36.323 [8].
	FDD/TDD
	No

	twoHARQ-Processes
Defines whether the UE supports two HARQ processes operation in DL and UL as specified in TS 36.212 [22] and TS 36.213 [23].
	FDD/TDD
	Yes

	ue-Category-NB
UE category as defined in TS 36.306 [5]. Value nb1 corresponds to UE category NB1, value nb2 corresponds to UE category NB2.
A UE shall always include the field ue-Category-NB-r13 in this version of the specification.
	FDD/TDD
	Yes



NOTE 1:	The IE UE-Capability-NB does not include AS security capability information, since these are the same as the security capabilities that are signalled by NAS. Consequently AS need not provide "man-in-the-middle" protection for the security capabilities.
NOTE 2:	The column 'FDD/TDD appl' indicates the applicability to the xDD mode: 'FDD' means applicable to FDD only, 'TDD' means applicable to TDD only and 'FDD/TDD' means applicable to FDD and TDD.
NOTE 3:	The column 'FDD/TDD diff' indicates if the UE is allowed to signal a different value for FDD and TDD when the capability applies to both FDD and TDD modes. '-' is used when the capability applies to one mode only, 'No' is used for dual mode capabilities where a common value is signalled for both modes, and 'Yes' is used for dual mode capabilities where a separate value is signalled for each mode. Common capabilities and FDD capabilities are reported in the fields of UE-Capability-NB except field tdd-UE-Capability. TDD capabilities are reported in tdd-UE-Capability.
Editor's Note:	NB-IoT UE supports up to 2 DRBs as legacy when connected to 5GC. FFS whether this is indicated by a new capability or the existing UE capability, multipleDRB-r13.
Editor's Note:	Whether to have separate capabilities for PUR in EPC and 5GC needs to be further discussed. 
Editor's Note:	For rai-EPC, FFS whether any feature is excluded (e.g. PUR, etc). 
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