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1. Introduction
In this contribution, based on the latest status of BL CRs and SA2 TS, we further discuss the support of coverage enhancement in NGAP, and provide the corresponding TP to the BL CR#0153.
2. Discussion
When NB-IoT and MTC connecting to 5GC, the following descriptions can be found in TS23.502:
	If the AMF has Paging Assistance Data for CE capable UE stored in the UE Context in AMF, and Enhanced Coverage is not restricted for the UE then the AMF shall include Paging Assistance Data for CE capable UE in the N2 paging message for all NG-RAN nodes selected by the AMF for paging.
The NG-RAN includes Paging Assistance Data for CE capable UE, if available, in the N2 UE Context Release Complete message. The AMF stores the received Paging Assistance Data for CE capable UE in the UE context for subsequent Paging procedure.
Table 5.2.2.2.2-1: UE Context in AMF
	Field
	Description

	Paging Assistance Data for CE capable UE
	Paging Assistance Data for Enhanced Coverage level and cell ID provided by the last NG-RAN the UE was connected to.






It is obviously that in order to support coverage enhancement aspect, it is needed to include Paging Assistance Data for CE capable UE (Cell ID and Coverage Level) in NGAP PAGING message and UE CONTEXT RELEASE COMPLETE message.
Observation 1: it is needed to introduce Paging Assistance Data for CE capable UE (Cell ID and Coverage Level) in NGAP PAGING message and UE CONTEXT RELEASE COMPLETE message.
In NGAP BL CR#0153 “Common CP/UP aspects of CIoT UEs when connected to 5GC” [1], the Enhanced Coverage Restriction IE and Extended Connected Time IE are included to support Coverage Enhancement feature, but the paging Assistance Data for CE capable UE (Cell ID and Coverage Level) (applies to both CP and UP solutions) related aspects are missing. 
In NGAP BL CR#188, “Introduction of Suspend-Resume” [2], although based on the R3-193161 CIoT Work Structure [3], the CR was intended to introduce CIoT UP solution in NGAP, it is noticed that the Cell Identifier and Coverage Enhancement Level IE is included in the UE CONTEXT RELEASE COMPLETE and UE CONTEXT SUSPEND REQUEST messages in the CR, PAGING message part is missing.
Considering of the current status, there are two options to proceed:
Option 1: 
· BL CR#153, introduce Paging Assistance Data for CE capable UE (Cell ID and Coverage Level) in NGAP PAGING message and UE CONTEXT RELEASE COMPLETE message, and furthermore introduce the IE in the UE CONTEXT SUSPEND REQUEST message (the procedure and message should be copied from CR#188).
· BL CR#188, remove the Cell Identifier and Coverage Enhancement Level IE in UE CONTEXT RELEASE COMPLETE message and UE CONTEXT SUSPEND REQUEST message.
Option 2: 
· BL CR#188, introduce Cell Identifier and Coverage Enhancement Level IE in PAGING message.
Defer to the R3-193161 CIoT Work Structure [3] endorsed in RAN3#104 meeting,  considering that the related information applies to both CP and UP solution rather than UP only, it is proposed to choose option1 to further proceed.
“Division of Tasks” (slide 6 of R3-193161, noted) are endorsed

Proposal 1: BL CR#153, introduce Paging Assistance Data for CE capable UE IE (Cell ID and Coverage Level) in PAGING and UE CONTEXT RELEASE COMPLETE, and UE CONTEXT SUSPEND REQUEST messages.
Proposal 2: BL CR#188, remove the Cell Identifier and Coverage Enhancement Level IE.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: _Toc423020280]In this contribution, we analyse the support of coverage enhancement when NB-IoT and eMTC connecting to 5GC, get the following observation and proposals:
Observation 1: it is needed to introduce Paging Assistance Data for CE capable UE (Cell ID and Coverage Level) in NGAP PAGING message and UE CONTEXT RELEASE COMPLETE message.
Proposal 1: BL CR#153, introduce Paging Assistance Data for CE capable UE IE (Cell ID and Coverage Level) in PAGING and UE CONTEXT RELEASE COMPLETE, and UE CONTEXT SUSPEND REQUEST messages.
Proposal 2: BL CR#188, remove the Cell Identifier and Coverage Enhancement Level IE.
It is proposed to agree the TP to NGAP BL CR#153 provided in section 5, highlighted in blue.
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	Reason for change:
	Introduce existing LTE IEs to support Enhanced Coverage restriction when connecting eMTC/NB-IoT UEs to 5GC;
Introduce Paging Assistance Data for CE Capable UE (Cell ID and Coverage Level) in Paging and UE Context Release Complete when connecting eMTC/NB-IoT UEs to 5GC.

	
	

	Summary of change:
	Introduction of:
· the Enhanced Coverage Restriction IE in the following NGAP messages: PAGING, INITIAL CONTEXT SETUP REQUEST, HANDOVER REQUEST, PATH SWITCH REQUEST ACKNOWLEDGE, DOWNLINK NAS TRANSPORT.
· the Extended Connected Time IE in the following NGAP messages: INITIAL CONTEXT SETUP REQUEST, PATH SWITCH REQUEST ACKNOWLEDGE, UE CONTEXT RESUME RESPONSE and DOWNLINK NAS TRANSPORT. 
· Paging Assistance Data for CE Capable UE IE in NGAP PAGING message and UE CONTEXT RELEASE COMPLETE message.

	
	

	Consequences if not approved:
	Cannot support CIoT UEs when connecting to 5GC.
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[bookmark: _Toc20954862][bookmark: _Toc29503299][bookmark: _Toc29503883][bookmark: _Toc29504467][bookmark: _Toc36552913][bookmark: _Toc36554640]8.3.3.1	General
The purpose of the UE Context Release procedure is to enable the AMF to order the release of the UE-associated logical NG-connection due to various reasons, e.g., completion of a transaction between the UE and the 5GC, or release of the old UE-associated logical NG-connection when the UE has initiated the establishment of a new UE-associated logical NG-connection, etc. The procedure uses UE-associated signalling.
[bookmark: _Toc20954863][bookmark: _Toc29503300][bookmark: _Toc29503884][bookmark: _Toc29504468][bookmark: _Toc36552914][bookmark: _Toc36554641]8.3.3.2	Successful Operation


Figure 8.3.3.2-1: UE context release: successful operation
The AMF initiates the procedure by sending the UE CONTEXT RELEASE COMMAND message to the NG-RAN node. 
The UE CONTEXT RELEASE COMMAND message shall contain both the AMF UE NGAP ID IE and the RAN UE NGAP ID IE if available, otherwise the message shall contain the AMF UE NGAP ID IE.
Upon reception of the UE CONTEXT RELEASE COMMAND message, the NG-RAN node shall release all related signalling and user data transport resources and reply with the UE CONTEXT RELEASE COMPLETE message. 
If the PDU Session Resource List IE is included in the UE CONTEXT RELEASE COMPLETE message, the AMF shall handle this information as specified in TS 23.502 [10].
If the User Location Information IE is included in the UE CONTEXT RELEASE COMPLETE message, the AMF shall handle this information as specified in TS 23.502 [10].
[bookmark: _Hlk489551572]If the Information on Recommended Cells and RAN Nodes for Paging IE is included in the UE CONTEXT RELEASE COMPLETE message, the AMF shall, if supported, store it and may use it for subsequent paging.
For each PDU session for which the Secondary RAT Usage Information IE is included in the PDU Session Resource Release Response Transfer IE, the SMF shall handle this information as specified in TS 23.502 [10].
If the Paging Assistance Data for CE Capable UE IE is included in the UE CONTEXT RELEASE COMPLETE message, the AMF shall, if supported, store it and use it for subsequent paging, as specified in TS 23.502 [10].
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8.5.1	Paging
8.5.1.1	General
The purpose of the Paging procedure is to enable the AMF to page a UE in the specific NG-RAN node.
8.5.1.2	Successful Operation


Figure 8.5.1.2-1: Paging 
The AMF initiates the Paging procedure by sending the PAGING message to the NG-RAN node.
At the reception of the PAGING message, the NG-RAN node shall perform paging of the UE in cells which belong to tracking areas as indicated in the TAI List for Paging IE.
If the Paging DRX IE is included in the PAGING message, the NG-RAN node shall use it according to TS 38.304 [12] and TS 36.304 [29].
For each cell that belongs to any of the tracking areas indicated in the TAI List for Paging IE, the NG-RAN node shall generate one page on the radio interface.
If the Paging Priority IE is included in the PAGING message, the NG-RAN node may use it according to TS 23.501 [9].
If the UE Radio Capability for Paging IE is included in the PAGING message, the NG-RAN node may use it to apply specific paging schemes.
If the Assistance Data for Recommended Cells IE is included in the Assistance Data for Paging IE it may be used, together with the Paging Attempt Information IE if also present, according to TS 38.300 [8].
If the Next Paging Area Scope IE is included in the Paging Attempt Information IE it may be used for paging the UE according to TS 38.300 [8].
If the Paging Origin IE is included in the PAGING message, the NG-RAN node shall transfer it to the UE according to TS 38.331 [18] and TS 36.331 [21].
If the Enhanced Coverage Restriction IE is included in the PAGING message, the NG-RAN node shall, if supported, use it as defined in TS 23.501 [9].
If the Paging Assistance Data for CE Capable UE IE is included in the PAGING message, it may be used for paging the indicated CE capable UE, according to TS 23.502 [10].
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[bookmark: _Toc20955087][bookmark: _Toc29503533][bookmark: _Toc29504117][bookmark: _Toc29504701][bookmark: _Toc36553147][bookmark: _Toc36554874]9.2.2.6	UE CONTEXT RELEASE COMPLETE
This message is sent by the NG-RAN node to confirm the release of the UE-associated logical NG-connection over the NG interface.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	ignore

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	ignore

	User Location Information
	O
	
	9.3.1.16
	
	YES
	ignore

	Information on Recommended Cells and RAN Nodes for Paging
	O
	
	9.3.1.100
	
	YES
	ignore

	PDU Session Resource List
	
	0..1
	
	
	YES
	reject

	>PDU Session Resource Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session Resource Release Response Transfer
	O
	
	OCTET STRING
	Containing the PDU Session Resource Release Response Transfer IE specified in subclause 9.3.4.21.
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore

	Paging Assistance Data for CE Capable UE
	O
	
	9.3.1.yyy
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions allowed towards one UE. Value is 256.
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9.2.4.1	PAGING
This message is sent by the AMF and is used to page a UE in one or several tracking areas.
Direction: AMF  gNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	UE Paging Identity
	M
	
	9.3.3.18
	
	YES
	ignore

	Paging DRX
	O
	
	9.3.1.90
	
	YES
	ignore

	TAI List for Paging
	
	1
	
	
	YES
	ignore

	>TAI List for Paging Item
	
	1..<maxnoofTAIforPaging>
	
	
	-
	

	>>TAI
	M
	
	9.3.3.11
	
	-
	

	Paging Priority
	O
	
	9.3.1.78
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.3.1.68
	
	YES
	ignore

	Paging Origin
	O
	
	9.3.3.22
	
	YES
	ignore

	Assistance Data for Paging
	O
	
	9.3.1.69
	
	YES
	ignore

	Enhanced Coverage Restriction
	O
	
	9.3.1.xxx
	
	YES
	ignore

	Paging Assistance Data for CE capable UE
	O
	
	9.3.1.yyy
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofTAIforPaging
	Maximum no. of TAIs for paging. Value is 16.


[bookmark: _Toc5694339]
------------------------------------------
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9.3.1.yyy	Paging Assistance Data for CE Capable UE
This IE provides Assistance Data for paging CE capable UE.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Global Cell ID
	M
	
	E-UTRAN CGI 9.3.1.9
	

	Coverage Enhancement Level
	M
	
	OCTET STRING
	Includes either the UEPagingCoverageInformation message as defined in 10.2.2 of TS 36.331 [21], or the UEPagingCoverageInformation-NB message as defined in 10.6.2 of TS 36.331 [21].
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9.4.4	PDU Definitions

-- **************************************************************
--
-- PDU definitions for NGAP.
--
-- **************************************************************

NGAP-PDU-Contents { 
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-PDU-Contents (1) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

-- **************************************************************
--
-- IE parameter types from other modules.
--
-- **************************************************************

IMPORTS


SKIPPED ASN.1 UNCHANGED
	NR-CGI,
	NRPPa-PDU,
	NumberOfBroadcastsRequested,
	OverloadResponse,
	OverloadStartNSSAIList,
	PagingAssisDataforCEcapabUE,
	PagingDRX,
	PagingOrigin,
	PagingPriority,
	PDUSessionAggregateMaximumBitRate,
SKIPPED ASN.1 UNCHANGED
	id-NRPPa-PDU,
	id-NumberOfBroadcastsRequested,
	id-OldAMF,
	id-OverloadStartNSSAIList,
	id-PagingAssisDataforCEcapabUE,
	id-PagingDRX,
	id-PagingOrigin,
	id-PagingPriority,
	id-PDUSessionResourceAdmittedList,
	id-PDUSessionResourceFailedToModifyListModCfm,

NEXT CHANGE
-- **************************************************************
--
-- UE CONTEXT RELEASE COMPLETE
--
-- **************************************************************

UEContextReleaseComplete ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container		{ {UEContextReleaseComplete-IEs} },
	...
}

UEContextReleaseComplete-IEs NGAP-PROTOCOL-IES ::= {
	{ ID id-AMF-UE-NGAP-ID								CRITICALITY ignore	TYPE AMF-UE-NGAP-ID											PRESENCE mandatory	}|
	{ ID id-RAN-UE-NGAP-ID								CRITICALITY ignore	TYPE RAN-UE-NGAP-ID											PRESENCE mandatory	}|
	{ ID id-UserLocationInformation						CRITICALITY ignore	TYPE UserLocationInformation							PRESENCE optional		}|
	{ ID id-InfoOnRecommendedCellsAndRANNodesForPaging	CRITICALITY ignore	TYPE InfoOnRecommendedCellsAndRANNodesForPaging	PRESENCE optional		}|
	{ ID id-PDUSessionResourceListCxtRelCpl				CRITICALITY	reject	TYPE PDUSessionResourceListCxtRelCpl					PRESENCE optional		}|
	{ ID id-CriticalityDiagnostics						CRITICALITY ignore	TYPE CriticalityDiagnostics								PRESENCE optional		}|
	{ ID id-PagingAssisDataforCEcapabUE					CRITICALITY ignore	TYPE PagingAssisDataforCEcapabUE						PRESENCE optional},
	...
}

NEXT CHANGE
-- **************************************************************
--
-- PAGING
--
-- **************************************************************

Paging ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container		{ {PagingIEs} },
	...
}

PagingIEs NGAP-PROTOCOL-IES ::= {
	{ ID id-UEPagingIdentity				CRITICALITY ignore	TYPE UEPagingIdentity		PRESENCE mandatory}|
	{ ID id-PagingDRX						CRITICALITY ignore	TYPE PagingDRX				PRESENCE optional}|
	{ ID id-TAIListForPaging				CRITICALITY ignore	TYPE TAIListForPaging		PRESENCE mandatory}|
	{ ID id-PagingPriority					CRITICALITY ignore	TYPE PagingPriority			PRESENCE optional}|
	{ ID id-UERadioCapabilityForPaging		CRITICALITY ignore	TYPE UERadioCapabilityForPaging	PRESENCE optional}|
	{ ID id-PagingOrigin					CRITICALITY ignore	TYPE PagingOrigin				PRESENCE optional}|
	{ ID id-AssistanceDataForPaging			CRITICALITY ignore	TYPE AssistanceDataForPaging	PRESENCE optional}|,
	{ ID id-Enhanced-CoverageRestriction	CRITICALITY ignore	TYPE Enhanced-CoverageRestriction	PRESENCE optional}|
	{ ID id-PagingAssisDataforCEcapabUE		CRITICALITY ignore	TYPE PagingAssisDataforCEcapabUE	PRESENCE optional},
	...
}

NEXT CHANGE
9.4.5	Information Element Definitions
SKIPPED ASN.1 UNCHANGED 
COUNTValueForPDCP-SN12 ::= SEQUENCE {
	pDCP-SN12			INTEGER (0..4095),
	hFN-PDCP-SN12		INTEGER (0..1048575),
	iE-Extensions		ProtocolExtensionContainer { {COUNTValueForPDCP-SN12-ExtIEs} }	OPTIONAL,
	...
}

COUNTValueForPDCP-SN12-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {
	...
}

COUNTValueForPDCP-SN18 ::= SEQUENCE {
	pDCP-SN18			INTEGER (0..262143),
	hFN-PDCP-SN18		INTEGER (0..16383),
	iE-Extensions		ProtocolExtensionContainer { {COUNTValueForPDCP-SN18-ExtIEs} }	OPTIONAL,
	...
}

COUNTValueForPDCP-SN18-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {
	...
}

CoverageEnhancementLevel ::= OCTET STRING

CPTransportLayerInformation ::= CHOICE {
	endpointIPAddress		TransportLayerAddress,
	choice-Extensions		ProtocolIE-SingleContainer { {CPTransportLayerInformation-ExtIEs} }
}

CPTransportLayerInformation-ExtIEs NGAP-PROTOCOL-IES ::= {
	{ ID id-EndpointIPAddressAndPort		CRITICALITY reject	TYPE EndpointIPAddressAndPort		PRESENCE mandatory},
	...
}
SKIPPED ASN.1 UNCHANGED
-- P

PacketDelayBudget ::= INTEGER (0..1023, ...)

PacketErrorRate ::= SEQUENCE {
	pERScalar		INTEGER (0..9, ...),
	pERExponent		INTEGER (0..9, ...),
	iE-Extensions		ProtocolExtensionContainer { {PacketErrorRate-ExtIEs} }	OPTIONAL,
	...
}

PacketErrorRate-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {
	...
}

PacketLossRate ::= INTEGER (0..1000, ...)

PagingAssisDataforCEcapabUE ::= SEQUENCE {
	eUTRA-CGI							EUTRA-CGI,
	coverageEnhancementLevel			CoverageEnhancementLevel,
	...
}

PagingAssisDataforCEcapabUE-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {
	...
}

PagingAttemptInformation ::= SEQUENCE {
	pagingAttemptCount					PagingAttemptCount,
	intendedNumberOfPagingAttempts		IntendedNumberOfPagingAttempts,
	nextPagingAreaScope					NextPagingAreaScope									OPTIONAL,
	iE-Extensions		ProtocolExtensionContainer { {PagingAttemptInformation-ExtIEs} }	OPTIONAL,
	...
}

PagingAttemptInformation-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {
	...
}

PagingAttemptCount ::= INTEGER (1..16, ...)

PagingDRX ::= ENUMERATED {
	v32,
	v64,
	v128,
	v256,
	...
}

NEXT CHANGE
[bookmark: _Toc14166043]9.4.7	Constant Definitions

-- **************************************************************
--
-- Constant definitions
--
-- **************************************************************

SKIPPED ASN.1 UNCHANGED

	id-TNLAssociationTransportLayerAddressNGRAN				ProtocolIE-ID ::= 168
	id-EndpointIPAddressAndPort								ProtocolIE-ID ::= 169
	id-LocationReportingAdditionalInfo						ProtocolIE-ID ::= 170
	id-SourceToTarget-AMFInformationReroute					ProtocolIE-ID ::= 171
	id-AdditionalULForwardingUPTNLInformation				ProtocolIE-ID ::= 172
	id-SCTP-TLAs											ProtocolIE-ID ::= 173
	id-DataForwardingResponseERABList						ProtocolIE-ID ::= 174
	id-RIMInformationTransfer								ProtocolIE-ID ::= 175
	id-GUAMIType											ProtocolIE-ID ::= 176
	id-SRVCCOperationPossible								ProtocolIE-ID ::= 177
	id-TargetRNC-ID											ProtocolIE-ID ::= 178
	id-RAT-Information										ProtocolIE-ID ::= 179
	id-ExtendedRATRestrictionInformation					ProtocolIE-ID ::= 180
	id-QosMonitoringRequest									ProtocolIE-ID ::= 181
	id-SgNB-UE-X2AP-ID										ProtocolIE-ID ::= 182
	id-Enhanced-CoverageRestriction							ProtocolIE-ID ::= xxx
	id-Extended-ConnectedTime								ProtocolIE-ID ::= xxx
	id-PagingAssisDataforCEcapabUE							ProtocolIE-ID ::= xxx

END OF CHANGES
------------------------------------------
End of change!
------------------------------------------
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