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1	Introduction
So far coexistence between NB-IoT and NR has mostly been discussed in RAN1. Some of the agreements in RAN1#98 will require actions in RAN2. Agreements in RAN1meetings #98, #98bis and #99 [1] are:
RAN1#98:
	R1-1909557	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei
Agreement
Specify NB-IoT resource reservation only for FDD/TDD NB-IoT non-anchor carriers.

Agreement
UL resource reservation for NB-IoT is supported.

Agreement
· FDD UL resource reservation is supported with subframe-level granularity
· FFS: Slot-level, symbol-level
· DL resource reservation is supported with slot-level and symbol(s)-level granularity.

Agreement
The reserved resource in NB-IoT non-anchor carrier is semi-statically configured by higher layer signalling.
· FFS whether the resource in an invalid and/or valid subframe indicated by legacy downlink bitmap can be configured as the reserved resource
· FFS signalling

Agreement
NB-IoT transmission can be postponed or dropped depending on the granularity of the reserved resources.
· NB-IoT transmission is dropped for symbol-level reserved resources.
· NB-IoT transmission is dropped for slot-level reserved resources.
· NB-IoT transmission is postponed for subframe-level reserved resources.




RAN1#98bis:
	R1-1910884	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei
R1-1911383 	Further topics in coexistence of NB-IoT with NR	Futurewei
Agreement
NB-IoT symbols that carry NRS are not reserved

Agreement
For resource reservation for NB-IoT in Rel-16, the configuration is independent from legacy subframe level resource reservation.

Agreement
For unicast, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured

Agreement
For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.

Agreement
UL resource reservation for NB-IoT with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.
· FFS: whether the DMRS symbols can be configured as reserved resources

Agreement
NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier.

Agreement
For unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled NB-IoT transmission.



RAN1#99:
	R1-1912633	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei
R1-1913398	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei

Agreement
For unicast, NPUSCH scrambled by C-RNTI and SPS-C-RNTI that would fall into the reserved resource is dropped for symbol and slot-level reserved resources.

Agreement
· For slot-level reservation in UL NB-IoT, DMRS transmission in a reserved slot is dropped. (for 15kHz)
· For symbol-level reservation in UL NB-IoT, DMRS symbols can be reserved

Agreement
Reserved resource configuration is configured by cell-specific higher-layer signalling.
R1-1913545	Feature lead summary of Coexistence of NB-IoT with NR	Futurewei

Agreement
For 10msec periodicity, if only subframe level granularity: a bitmap with length 10 bits is used for indicating reserved subframes
· It is configured per non-anchor carrier, and it can be different from the anchor-carrier
For 10msec periodicity, if finer granularity: a bitmap with length 20 bits, each subframe has 2 bits per subframe
· 00 both slots can be used 
· 01 2nd slot reserved (if a second bitmap is configured, it is for symbol-level granularity)
· The length of the second bitmap is 5 bits for downlink, 7 bits for uplink
· 10 1st slot reserved (if a third bitmap is configured, it is for symbol-level granularity)
· The length of the third bitmap is 5 bits for downlink, 7 bits for uplink
· 11 both slots are reserved


Agreement (RRC impact)
The first bitmap is 20 or 80 bits. eNB can configure periodicity and start position.
· The periodicity T is {10ms, 20ms, 40ms, 80ms, 160ms}
· The start position is in a granularity of 10ms

Agreement 
For unicast transmission, dynamic DCI signalling can be used to indicate whether the resource reservation or continuous transmission applies to the scheduled transmission
· Note: the resource reservation is the Rel-16 resource reservation. 




[bookmark: _Ref178064866]2	Discussion
RAN1 agreements that require action from RAN2 are to add UE capabilities and configuration for resource reservation [2]; a feature intended to be used for improving coexistence with NR.

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc32528477]Add UE capabilities for resource reservation in UL and DL to enable improved coexistence between NB-IoT and NR, see text proposal.
[bookmark: _Toc32528478]Add configuration for resource reservation in UL and DL to enable improved coexistence between NB-IoT and NR, see text proposal.
[bookmark: _Ref189046994]Text Proposal
[36.306]
[bookmark: _Toc12697723]4.3.4.xy	resourceReservation-DL-r16
This field indicates that the UE supports DL resource reservation resource with subframe-level, slot-level and symbol-level granularity of NB-IoT non-anchor carriers for improved NR coexistence performance.
4.3.4.xz	resourceReservation-UL-r16
This field indicates that the UE supports UL resource reservation with subframe-level, slot-level and symbol-level granularity of NB-IoT non-anchor carriers for improved NR coexistence performance.
 [36.331]
[bookmark: _Toc20487596][bookmark: _Toc29342897][bookmark: _Toc29344036]–	SystemInformationBlockType2-NB
The IE SystemInformationBlockType2-NB contains radio resource configuration information that is common for all UEs.
NOTE:	UE timers and constants related to functionality for which parameters are provided in another SIB are included in the corresponding SIB.
SystemInformationBlockType2-NB information element
-- ASN1START

SystemInformationBlockType2-NB-r13 ::=	SEQUENCE {
	radioResourceConfigCommon-r13			RadioResourceConfigCommonSIB-NB-r13,
	ue-TimersAndConstants-r13				UE-TimersAndConstants-NB-r13,
	freqInfo-r13							SEQUENCE {
		ul-CarrierFreq-r13						CarrierFreq-NB-r13			OPTIONAL,	-- Need OP
		additionalSpectrumEmission-r13			AdditionalSpectrumEmission
	},
	timeAlignmentTimerCommon-r13			TimeAlignmentTimer,
	multiBandInfoList-r13	SEQUENCE (SIZE (1..maxMultiBands)) OF AdditionalSpectrumEmission		OPTIONAL,	-- Need OR
	lateNonCriticalExtension				OCTET STRING					OPTIONAL,
	...,
	[[	cp-Reestablishment-r14				ENUMERATED {true}				OPTIONAL		-- Need OP
	]],
	[[	servingCellMeasInfo-r14				ENUMERATED {true} 				OPTIONAL,		-- Need OR
		cqi-Reporting-r14					ENUMERATED {true} 				OPTIONAL		-- Need OR
	]],
	[[	enhancedPHR-r15						ENUMERATED {true}		OPTIONAL,	-- Need OR
		freqInfo-v1530						SEQUENCE {
			tdd-UL-DL-AlignmentOffset-r15		TDD-UL-DL-AlignmentOffset-NB-r15
		}	OPTIONAL,		-- Cond TDD
		cp-EDT-r15							ENUMERATED {true}		OPTIONAL,	-- Need OR
		up-EDT-r15							ENUMERATED {true}		OPTIONAL	-- Need OR
	]],
	[[ nr-CoexistenceImprParams-r16			NR-CoexistenceImprParams-r16	OPTIONAL	-- Need OR
	]]
}

NR-CoexistenceImprParams-r16 ::=	SEQUENCE {
	subframeConfig-DL-r16				ENUMERATED (10ms, 40ms)			OPTIONAL,		-- Need OR
	resourceReservationSlot-DL-r16		ENUMERATED (20bits, 80bits) 	OPTIONAL,		-- Need OR
	resourceReservationSymbol-DL2-r16	BIT STRING (SIZE(5))	OPTIONAL,	-- Cond resourceReservationSlot-DL
	resourceReservationSymbol-DL1-r16	BIT STRING (SIZE(5))	OPTIONAL,	-- Cond resourceReservationSlot-DL
	resourceReservationPeriod-DL-r16	ENUMERATED (10ms,20ms,40ms,80ms,160ms)	OPTIONAL,	--Need OR
	resourceReservationStartPos-DL-r16	ENUMERATED (10ms,20ms,40ms,80ms,160ms)	OPTIONAL,	--Need OR
	subframeConfig-FDD-UL-r16			ENUMERATED (10ms, 40ms)				OPTIONAL,		-- Need OR
[bookmark: _GoBack]	resourceReservationSlot-UL-r16		ENUMERATED (20bits, 80bits) 		OPTIONAL,		-- Need OR
	resourceReservationSymbol-UL2-r16	BIT STRING (SIZE(7))	OPTIONAL,	-- Cond resourceReservationSlot-UL
	resourceReservationSymbol-UL1-r16	BIT STRING (SIZE(7))	OPTIONAL,	-- Cond resourceReservationSlot-UL
	resourceReservationPeriod-UL-r16		ENUMERATED (10ms,20ms,40ms,80ms,160ms)  OPTIONAL,		-- Need OR
	resourceReservationStartPos-DL-r16	ENUMERATED (10ms,20ms,40ms,80ms,160ms) OPTIONAL		-- Need OR
}

-- ASN1STOP

	SystemInformationBlockType2-NB field descriptions

	additionalSpectrumEmission
The UE requirements related to IE AdditionalSpectrumEmission are defined in TS 36.101 [42], clause 6.2.4F.

	cp-EDT
For FDD: This field indicates whether the UE is allowed to initiate CP-EDT, see 5.3.3.1b.

	cp-Reestablishment
This field indicates if the NB-IoT UE is allowed to trigger RRC connection re-establishment when AS security has not been activated.

	cqi-Reporting
For FDD: This field indicates if downlink channel quality reporting in RRCConnectionReestablishmentRequest-NB, RRCConnectionRequest-NB and RRCConnectionResumeRequest-NB message is allowed.

	enhancedPHR
For FDD: This field indicates if the NB-IoT UE is allowed to report enhanced PHR in MSG3 as specified in TS 36.321 [6].

	multiBandInfoList
A list of additionalSpectrumEmission i.e. one for each additional frequency band included in multiBandInfoList in SystemInformationBlockType1-NB, listed in the same order.

	resourceReservationPeriod-DL
Periodicity in milliseconds for downlink time-domain resource reservation for unicast transmission.

	resourceReservationStartPos-DL 
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}.

	resourceReservationPeriod-UL
Periodicity in milliseconds for uplink time-domain resource reservation for unicast transmission.

	resourceReservationSlot-DL 
Slot- and symbol(s)-level downlink time-domain resource reservation for non-anchor carrier.

	resourceReservationSlot-UL 
Configuration of slot- and symbol(s)-level uplink time-domain resource reservation for non-anchor carrier.

	resourceReservationSymbol-DL1
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  resourceReservationSlot-DL  is configured

	resourceReservationSymbol-DL2
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  resourceReservationSlot-DL is configured 

	resourceReservationSymbol-UL1
Symbol-level uplink time-domain resource reservation for non-anchor carrier (for the first slot in a subframe).
This parameter can be configured only if  resourceReservationSlot-UL is configured

	resourceReservationSymbol-UL2
Symbol-level uplink time-domain resource reservation for non-anchor carrier (for the second slot in a subframe).
This parameter can be configured only if  resourceReservationSlot-UL is configured.

	servingCellMeasInfo
This field indicates if serving cell idle mode measurement reporting in RRCConnectionReestablishmentComplete-NB, RRCConnectionResumeComplete-NB and RRCConnectionSetupComplete-NB is allowed.

	subframeConfig-DL 
Subframe-level dowllink time-domain resource reservation for non-anchor carrier.

	subframeConfig-FDD-UL
Subframe-level uplink time-domain resource reservation for non-anchor carrier in FDD.

	tdd-UL-DL-AlignmentOffset
Indicates the offset between the UL carrier frequency center with respect to DL carrier frequency center for the anchor carrier.

	ul-CarrierFreq
For FDD: Uplink carrier frequency as defined in TS 36.101 [42], clause 5.7.3F. If operationModeInfo in the MIB-NB is set to standalone and the field is absent, the value of the carrier frequency is determined by the TX-RX frequency separation defined in TS 36.101 [42], table 5.7.4-1, and the value of the carrier frequency offset is 0. If operationModeInfo in the MIB-NB is not set to standalone, the field is mandatory present.
For TDD: This field is absent and the uplink carrier frequency is same as the downlink frequency.

	up-EDT
For FDD: This field indicates whether the UE is allowed to initiate UP-EDT, see 5.3.3.1b.



	Conditional presence
	Explanation

	TDD
	The field is mandatory present for TDD; otherwise the field is not present and the UE shall delete any existing value for this field.

	resourceReservationSlot-DL
	The field is optionally present, Need OR, if resourceReservationSlot-UL is configured. Otherwise the field is not present.

	resourceReservationSlot-UL
	The field is optionally present, Need OR, if resourceReservationSlot-UL is configured. Otherwise the field is not present.



[text omitted]

[bookmark: _Toc12746197]–	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-v16xy-IEs		OPTIONAL
}

UE-Capability-NB-v16xy-IEs ::=		SEQUENCE {
	phyLayerParameters-v16xy			PhyLayerParameters-NB-v16xy		OPTIONAL,
	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,
	...
}




AccessStratumRelease-NB-r13 ::=		ENUMERATED {rel13, rel14, rel15, spare5, 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
}

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 {
	resourceReservation-DL-r16				ENUMERATED {supported}			OPTIONAL,
	resourceReservation-UL-r16				ENUMERATED {supported}			OPTIONAL
}

[text omitted]
	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
	-

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

	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
	-

	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

	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
	-

	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

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

	resourceReservation-DL, resourceReservation-UL
DL resource reservation with slot-level and symbol-level granularity of NB-IoT non-anchor carriers. UL resource reservation with subframe-level, slot-level and symbol-level granularity of NB-IoT non-anchor carriers.
	FDD/TDD
	Yes
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	4/4	
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Add UE capabilities for resource reservation in UL and DL to enable improved coexistence between NB-IoT and NR, see text proposal.
Proposal 2	Add configuration for resource reservation in UL and DL to enable improved coexistence between NB-IoT and NR, see text proposal.
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