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1	Introduction
In the Rel-16 work item description (WID) of Additional enhancements for NB-IoT, one of the objectives is to improve the multi-carrier operation as follows [1]. 
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

RAN1 has been progressing on specifying the number of NRS subframes on non-anchor paging carrier. From RAN1 perspective the latest agreement includes
In this paper, we discuss the signalling aspects.
[bookmark: _Ref178064866]2	Discussion
There are two different cases based upon Paging density which need to be considered. 
2.1	Different cases (sparse or non-sparse POs)
Case 1: nB < T/2; this is the case when Paging is sparse. In this case RAN1 has decided to follow the legacy mechanism to have 10 subframes before the PO when there is a paging; thus for this case even when there is no paging; there will be 10 subframes before the PO.
This agreement will not impact any RAN2 specifications.

Case 2: nB >=T/2; this is the case when paging density is high. For example when nB=T; every radio frame can be a paging frame. If we apply the same principle as above then every subframe may contain NRS. Thus, RAN1 has decided to have a decimation pattern for the case 2.
When there is a high presence of POs, RAN1 has agreed that a decimation pattern will be applied accounting for the following agreements: 

	Agreement 
For nB>=X, the decimation/N/M pattern guarantees that there are [10] subframes with NRS nearby every PO (after decimation pattern, and from network perspective) 
 
Agreement 
For the decimation pattern for nB>=X, RAN1 to decide for each nB value: 
· M/N 
· Decimation pattern 
· FFS: Offset (if used) 
 




The aspects of case 2 that may eventually impact RAN2 are:
· Depending on RAN1 agreements, that both “M” and “N” may be independently configurable. The decimation pattern formula that provides the POs associated with NRSs for each UE group.
· It may be needed to signal the starting subframe of “M” as to avoid having gaps between “M” and “N”.

From Signalling point of view as this is basically for non-anchor paging carrier. Thus, SIB22-NB will need to be updated.
An example ASN.1 is provided below for case 1 when a common configuration is applied for all the carriers. Further, the feature is enabled/disabled per carrier.
SystemInformationBlockType22-NB
The IE SystemInformationBlockType22-NB contains radio resource configuration for paging and random access procedure on non-anchor carriers.
SystemInformationBlockType22-NB information element
-- ASN1START

SystemInformationBlockType22-NB-r14 ::=	SEQUENCE {
	dl-ConfigList-r14 					DL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
	ul-ConfigList-r14 					UL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
	pagingWeightAnchor-r14				PagingWeight-NB-r14			OPTIONAL,	-- Cond pcch-config
	nprach-ProbabilityAnchorList-r14	NPRACH-ProbabilityAnchorList-NB-r14	OPTIONAL,	-- Cond nprach-config
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...,
	[[	mixedOperationModeConfig-r15	SEQUENCE {
			dl-ConfigListMixed-r15			DL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
			ul-ConfigListMixed-r15			UL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
			pagingDistribution-r15			ENUMERATED {true}			OPTIONAL,	-- Need OR
			nprach-Distribution-r15			ENUMERATED {true}			OPTIONAL 	-- Need OR
		}																OPTIONAL,	-- Need OR
		ul-ConfigList-r15				UL-ConfigCommonListTDD-NB-r15	OPTIONAL	-- Cond TDD
	]],
	[[
		nrs-Config-r16				SEQUENCE {
			m-Subframes-r16				INTEGER (0..9)	OPTIONAL,	-- Need OR
			m-StartSubFrame-r16			INTEGER (0..9)	OPTIONAL,	-- Need OR
			n-SubFrames-r16				INTEGER (0..9)  OPTIONAL	-- Need OR
		}																	OPTIONAL	-- Cond NRS
	]]
}

DL-ConfigCommonList-NB-r14 ::=		SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF
											DL-ConfigCommon-NB-r14

UL-ConfigCommonList-NB-r14 ::=		SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF
											UL-ConfigCommon-NB-r14

UL-ConfigCommonListTDD-NB-r15 ::=	SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF
											UL-ConfigCommonTDD-NB-r15

DL-ConfigCommon-NB-r14 ::=			SEQUENCE {
	dl-CarrierConfig-r14				DL-CarrierConfigCommon-NB-r14,
	pcch-Config-r14 					PCCH-Config-NB-r14			OPTIONAL, -- Need OR
	...,
	[[	wus-Config-r15					WUS-ConfigPerCarrier-NB-r15		OPTIONAL	-- Cond WUS
	]],
	[[
		nrs-NonAnchorPresent-r16			ENUMERATED {true}		OPTIONAL	-- Need OR
	]]
	
}

PCCH-Config-NB-r14 ::=				SEQUENCE {
	npdcch-NumRepetitionPaging-r14		ENUMERATED {
											r1, r2, r4, r8, r16, r32, r64, r128,
											r256, r512, r1024, r2048,
											spare4, spare3, spare2, spare1} OPTIONAL, -- Need OP
	pagingWeight-r14						PagingWeight-NB-r14	DEFAULT w1,
	...
}

PagingWeight-NB-r14	::=			ENUMERATED {w1, w2, w3, w4, w5, w6, w7, w8,
												w9, w10, w11, w12, w13, w14, w15, w16}

UL-ConfigCommon-NB-r14 ::=			SEQUENCE {
	ul-CarrierFreq-r14					CarrierFreq-NB-r13,
	nprach-ParametersList-r14 			NPRACH-ParametersList-NB-r14	OPTIONAL, -- Need OR
	...,
	[[	nprach-ParametersListEDT-r15	NPRACH-ParametersList-NB-r14	OPTIONAL -- Cond EDT
	]]
}

UL-ConfigCommonTDD-NB-r15 ::=		SEQUENCE {
	tdd-UL-DL-AlignmentOffset-r15		TDD-UL-DL-AlignmentOffset-NB-r15,
	nprach-ParametersListTDD-r15 		NPRACH-ParametersListTDD-NB-r15	OPTIONAL, -- Need OR
	...
}

NPRACH-ProbabilityAnchorList-NB-r14 ::=	SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF
												NPRACH-ProbabilityAnchor-NB-r14

NPRACH-ProbabilityAnchor-NB-r14 ::=		SEQUENCE {
	nprach-ProbabilityAnchor-r14			ENUMERATED {
												zero, oneSixteenth, oneFifteenth, oneFourteenth,
												oneThirteenth, oneTwelfth, oneEleventh, oneTenth,
												oneNinth, oneEighth, oneSeventh, oneSixth,
												oneFifth, oneFourth, oneThird, oneHalf}
														OPTIONAL	-- Need OP
}

-- ASN1STOP


	Conditional presence
	Explanation

	EDT
	The field is optionally present, Need OR, if edt-Parameters in SystemInformationBlockType2-NB is present; otherwise the field is not present and the UE shall delete any existing value for this field.

	pcch-Config
	This field is optionally present, Need OP, if the field dl-ConfigList is present and at least one of the carriers in dl-ConfigList is configured for paging. Otherwise the field is not present and only the anchor carrier is used for paging.

	nprach-config
	This field is mandatory present, if the field ul-ConfigList is present and at least one of the carriers in ul-ConfigList is configured for random access. Otherwise the field is not present and only the anchor carrier is used for random access.

	TDD
	This field is optionally present, Need OR, for TDD. Otherwise the field is not present.

	WUS
	This field is mandatory present, if the field wus-Config is present in SystemInformationBlockType2-NB. Otherwise the field is not present, Need OR.

	NRS
	This field is mandatorily present, if the field nrs-NonAnchorPresent is present in SystemInformationBlockType2-NB or SystemInformationBlockType22-NB (FFS).. Otherwise the field is ignored and only the anchor carrier is used for RRM,
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2.2 	Cell specific or Carrier Specific
RAN2 needs to decide whether the feature will be enabled per carrier or per cell. Since, this is applicable for non-anchor carrier, it may be useful for all the cells in that carrier to have this feature enabled. An example ASN.1 for per carrier enabling/disabling is shown above. On the other hand, to minimize the NRS overhead it can be considered useful to have the possibility of having the feature enabled per cell. The configuration can be common carrier specific however enabling/disabling can be done per cell basis. An example for enabling/disabling per cell can be as below.

NB-IoT System information blocks
[bookmark: _Toc12746151]–	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
	]],
	[[
		nrs-NonAnchorPresent-r16			ENUMERATED {true}		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.

	nrs-NonAnchorPresent
For FDD: This field indicates if the NRS is transmitted in the cell when configured with non-anchor carrier.

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

	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.
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4	Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 needs to wait for RAN1 to progress [m,n values to be decided] before finalizing the signaling design.
Proposal 2	The NRS configuration can be common for all carrier however the enabling/disabling can be per cell.
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