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Introduction
The Rel-17 WID of additional enhancements for NB-IoT and eMTC have been approved in RAN#86 and revision can be seen in [1]. The following objective is included in the WID:
	· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.)


In the RAN2 meeting, the following agreements have been agreed [2]:
	RAN2#111-e agreements:
Paging carrier selection Improvements based on CE level is considered
Paging carrier selection Improvements based on DRX cycle may be considered
· whether DRX cycle is considered as part of CE level (Rmax) or can be also considered separately
Enhancements for NPRACH Carrier selection carrier may be considered
Paging carrier selection Improvements solely based on WUS or GWUS is not considered
FFS service based
RAN2#112-e agreements: None
RAN2#113-e agreements:
Select between one of the options: 
· Option 1: UE selects a paging carrier based on a rule configured by the network
· Option 2: NW configures a specific paging carrier
Working assumption: For both options, when coverage changes, mechanism that requires UE to report the update of coverage is not introduced.
RAN2#113bis-e agreements:None
RAN2#114-e agreements:
Rel-17 paging carriers and the legacy paging carriers should be exclusive.
RAN2 assumes S1AP/NGAP update is not needed.
Carrier selection criteria does not include power boosting or service
FFS: For option 1, whether DRX can be part of the carrier selection criteria
Rel-17 paging carrier configuration is provided in broadcast signalling.
Select between the following sub-options:
· Option 1c: Network enables UE to select a Rel-17 paging carrier by providing the coverage information (CEL/Rmax) for the carrier selection to the UE in dedicated signalling
· Option 2a: NW indicates the carrier to use explicitly via dedicated signalling based on information determined within the NW.
· FFS for both options whether there is a report from the UE to suggest a carrier or provide a metric report
Working assumption: UE metric for determining carrier suitability and selection is based on measured NRSRP. FFS whether to use a hysteresis/longer averaging/timer
For option 1, upon cell change, FFS: 
· Alt 1: based on previously determined CEL and broadcasted paging carrier configuration in the new cell.
· Alt 2: UE needs to perform fallback mechanism.
For option 2, upon cell change, UE needs to perform fallback mechanism.
Whenever the R17 coverage-based carrier criteria is met, UE uses the R17 coverage based carrier, otherwise UE should use the fallback mechanism
For both options, fall back carrier is legacy paging carrier based on UE_ID

RAN2#115-e agreements:
Support coverage or carrier specific DRX configurations, FFS details.
UE capability for Rel-17 paging carrier selection should be introduced
UE metric for determining carrier suitability and selection is based on NRSRP.
Use a hysteresis/longer averaging/timer for UE metric based on NRSRP.
FFS whether to introduce new UE report and/or whether to mandate support of existing Msg5 reporting.

RAN2#116-e agreements:
DRX is not used a criterion that needs to be explicitly considered for paging carrier selection.
Option 1c with Alt2 (fallback when cell change) is supported


In the RAN3 #112-e meeting, the following agreements have been agreed:
	WA: Both EPC and 5GC scenarios are supported.
- For CE based carrier selection, RAN3 needs to wait for RAN2 further progress.


In the RAN3 #114-e meeting, it is agreed to wait for RAN2 progress.
Since RAN2 has already agreed to support Option 1c with Alt2, we will further discuss the RAN3 impacts by this issue and give our proposals. 
Discussion
[bookmark: OLE_LINK1]In RAN2, the proposed option 1 for coverage level-based paging carrier selection are depicted in Figure 1. 
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[bookmark: _Ref69213401]Figure 1: The option1 for coverage level-based paging carrier selection
The Alt 2 means that UE needs to perform fallback mechanism upon cell change, which does not impacts RAN3 specification.
For the Option 1:
(1) (ng-)eNB provides the information for coverage level-based paging carrier selection by SIB, the information mainly includes: the mapping between enhanced coverage level(npdcch-NumRepetitionPaging, nB, ue-SpecificDRX-CycleMinetc etc) and paging carrier.
(2) (ng-)eNB indicates the npdcch-NumRepetitionPaging for paging carrier selection by RRCConnectionRelease message.
(3) UE selects the paging carrier based on the information in SIB and npdcch-NumRepetitionPaging in RRCConnectionRelease or RRCEarlyDataComplete message.
Since UE selects the paging carrier based on the npdcch-NumRepetitionPaging in RRCConnectionRelease or RRCEarlyDataComplete message, (ng-)eNB should also selects the paging carrier for the UE based on the npdcch-NumRepetitionPaging in RRCConnectionRelease or RRCEarlyDataComplete message. To synchronize the (ng-)eNB and UE’s behaviour for coverage level-based paging carrier selection, npdcch-NumRepetitionPaging info should always be provided to paging (ng-)eNB once npdcch-NumRepetitionPaging is provided in RRCConnectionRelease or RRCEarlyDataComplete message. Although based on the current specification, the npdcch-NumRepetitionPaging can already be sent to CN and then CN includes it in S1AP PAGING message, e.g. Coverage Enhancement Level IE( including npdcch-NumRepetitionPaging) is included in Cell Identifier and Coverage Enhancement Level IE in TS36.413 and is included in Paging Assistance Data for CE Capable UE IE in TS38.413, there is not present condition described yet, and whether to include it is based on the (ng-)eNB implementation, which is not enough. It is necessary to describe explicitly that Coverage Enhancement Level info is provided to paging (ng-)eNB once npdcch-NumRepetitionPaging is provided in RRCConnectionRelease or RRCEarlyDataComplete message.
Observation 1: The Coverage Enhancement Level IE should be provided to paging (ng-)eNB once npdcch-NumRepetitionPaging is provided in RRCConnectionRelease or RRCEarlyDataComplete message. 
Even the npdcch-NumRepetitionPaging is sent to CN and then CN includes it in S1AP PAGING message(e.g. included in Coverage Enhancement Level IE), the paging (ng-)eNB can not differentiate whether the npdcch-NumRepetitionPaging will be used for coverage level-based paging carrier or not(e.g. if (ng-)eNB does not send the npdcch-NumRepetitionPaging to UE by RRCConnectionRelease or RRCEarlyDataComplete message, coverage level-based paging carrier selection will not be activated). Thus, paging (ng-)eNB should also know whether the coverage level-based paging carrier selection is activated or not.
Observation 2: Based on the current specification, even the paging (ng-)eNB can know the Coverage Enhancement Level(e.g. npdcch-NumRepetitionPaging) estimated in the latest connection, it cannot know whether the coverage level-based paging carrier selection is activated or not.
To synchronize the (ng-)eNB and UE’s behaviour for coverage level-based paging carrier selection, (ng-)eNB should know whether the coverage level-based paging carrier selection is activated or not. 
Observation 3: A coverage level-based paging carrier selection activation indication should be indicated to the paging (ng-)eNB during CN paging.
In the last meeting, some companies suggest to include the Coverage level-based paging carrier selection activation indication in the UEPagingCoverageInformation or UERadioPagingInformation RRC container. Since UERadioPagingInformation RRC container is associated with UE Radio Capability for Paging IE as follows:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UE Radio Capability for Paging
	M
	
	OCTET STRING
	Includes either the UERadioPagingInformation message as defined in 10.2.2 of TS 36.331 [16], or the UERadioPagingInformation-NB message as defined in 10.6.2 of TS 36.331 [16].


It is obviously unsuitable to include the Coverage level-based paging carrier selection activation indication in UE Radio Capability for Paging, which will cause confusion for mismatch between parameter name and parameter intention.
Observation 4: Include the Coverage level-based paging carrier selection activation indication in UE Radio Capability for Paging(e.g. UERadioPagingInformation) will cause confusion.
And since UEPagingCoverageInformation RRC container is associated with Coverage Enhancement Level IE as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Coverage Enhancement Level
	M
	
	OCTET STRING
	Includes either the UEPagingCoverageInformation message as defined in 10.2.2 of TS 36.331 [16], or the UEPagingCoverageInformation-NB message as defined in 10.6.2 of TS 36.331 [16].


Include the Coverage level-based paging carrier selection activation indication in Coverage Enhancement Level IE seems also not so clear. And including the Coverage level-based paging carrier selection activation indication in UEPagingCoverageInformation Container impacts RAN2 specification, some coordination with RAN2 is necessary.
Observation 5: Include the Coverage level-based paging carrier selection activation indication in UEPagingCoverageInformation needs coordination with RAN2.
Since Coverage Enhancement Level IE is included in Cell Identifier and Coverage Enhancement Level IE in TS36.413 and is included in Paging Assistance Data for CE Capable UE IE in TS38.413, which is also necessary for coverage level-based paging carrier selection, the coverage level-based paging carrier selection activation indication is also suggested to be included in Cell Identifier and Coverage Enhancement Level IE in TS36.413 and Paging Assistance Data for CE Capable UE IE in TS38.413, which is further included in S1AP/NGAP UE CONTEXT RELEASE COMPLETE, UE CONTEXT SUSPEND REQUEST, UE CONTEXT RESUME REQUEST and PAGING meeage.
Proposal 1: A Coverage level-based paging carrier selection activation indication is included in S1AP/NGAP Cell Identifier and Coverage Enhancement Level IE in TS36.413 and is included in Paging Assistance Data for CE Capable UE IE in TS38.413.
Since the Coverage Enhancement Level IE is mandatory present in S1AP/NGAP Cell Identifier and Coverage Enhancement Level IE in TS36.413 and  is mandatory present in Paging Assistance Data for CE Capable UE IE in TS38.413, based on the proposal 1, the Coverage Enhancement Level IE will be present if Coverage Enhancement Level based paging carrier selection IE is present.
Observation 6: Based on the proposal 1, the Coverage Enhancement Level IE will be present if Coverage level-based paging carrier selection activation indication IE is present.
To synchronize the (ng-)eNB and UE’s behaviour for coverage level-based paging carrier selection, the Coverage level-based paging carrier selection activation indication should always be provided to paging (ng-)eNB once npdcch-NumRepetitionPaging is provided in RRCConnectionRelease or RRCEarlyDataComplete message. Else,  the Coverage level-based paging carrier selection activation indication should not be provided to paging (ng-)eNB. So, the Coverage level-based paging carrier selection activation indication present condition should be specified.
Proposal 2: Specified the present condition of the Coverage level-based paging carrier selection activation indication in TS36.413 and TS38.413.

Based on the proposals, we provide the TP for TS 36.413 in ANNEX and TS 38.413 draftCR[3].
 
Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: The Coverage Enhancement Level IE should be provided to paging (ng-)eNB once npdcch-NumRepetitionPaging is provided in RRCConnectionRelease or RRCEarlyDataComplete message. 
Observation 2: Based on the current specification, even the paging (ng-)eNB can know the Coverage Enhancement Level(e.g. npdcch-NumRepetitionPaging) estimated in the latest connection, it cannot know whether the coverage level-based paging carrier selection is activated or not.
Observation 3: A coverage level-based paging carrier selection activation indication should be indicated to the paging (ng-)eNB during CN paging.
Observation 4: Include the Coverage level-based paging carrier selection activation indication in UE Radio Capability for Paging(e.g. UERadioPagingInformation) will cause confusion.
Observation 5: Include the Coverage level-based paging carrier selection activation indication in UEPagingCoverageInformation needs coordination with RAN2.
Observation 6: Based on the proposal 1, the Coverage Enhancement Level IE will be present if Coverage level-based paging carrier selection activation indication is present.

Proposal 1: A Coverage level-based paging carrier selection activation indication is included in S1AP/NGAP Cell Identifier and Coverage Enhancement Level IE in TS36.413 and is included in Paging Assistance Data for CE Capable UE IE in TS38.413.
Proposal 2: Specified the present condition of the Coverage level-based paging carrier selection activation indication in TS36.413 and TS38.413.

Based on the proposals, we provide the TP for TS 36.413 in ANNEX and TS 38.413 draftCR[3].
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[bookmark: _Toc88646610]8.3.3.1	General
The purpose of the UE Context Release procedure is to enable the MME to order the release of the UE-associated logical connection due to various reasons, e.g., completion of a transaction between the UE and the EPC, or completion of successful handover, or completion of handover cancellation, or release of the old UE-associated logical S1-connection when two UE-associated logical S1-connections toward the same UE is detected after the UE has initiated the establishment of a new UE-associated logical S1-connection, or the UE is no longer allowed to access the CSG cell (i.e., the UE becomes a non-member of the currently used CSG cell). The procedure uses UE-associated S1 connection.
[bookmark: _Toc88646611]8.3.3.2	Successful Operation


Figure 8.3.3.2-1: UE Context Release procedure. Successful operation.
The MME initiates the procedure by sending the UE CONTEXT RELEASE COMMAND message to the eNB. 
The UE CONTEXT RELEASE COMMAND message shall contain the UE S1AP ID pair IE if available, otherwise the message shall contain the MME UE S1AP ID IE.
The MME provides the cause IE set to “Load Balancing TAU Required” in the UE CONTEXT RELEASE COMMAND message sent to the eNB for all load balancing and offload cases in the MME. 
Upon reception of the UE CONTEXT RELEASE COMMAND message, the eNB shall release all related signalling and user data transport resources and reply with the UE CONTEXT RELEASE COMPLETE message. In case of eNB supporting L-GW function for LIPA and/or SIPTO@LN operation, the eNB shall also release any related tunnel resources. In case of successful handover, the eNB using L-GW function for SIPTO@LN operation shall also request using intra-node signalling the collocated L-GW to release the SIPTO@LN PDN connection as defined in TS 23.401 [11].
The eNB shall, if supported, report in the UE CONTEXT RELEASE COMPLETE message location information of the UE in the User Location Information IE. If the PSCell Information IE is included in the User Location Information IE, it indicates the UE was configured with EN-DC radio resources at the eNB . Also, if the Time Since Secondary Node Release IE is included in the UE CONTEXT RELEASE COMPLETE message, it indicates the time elapsed since EN-DC operation in the eNB was stopped for the UE.
If npdcch-NumRepetitionPaging IE is sent to UE by unicast signalling(e.g. by RRCConnectionRelease-NB or RRCEarlyDataComplete-NB message), the eNB shall include the Coverage Enhancement Level based paging carrier selection IE in the UE CONTEXT RELEASE COMPLETE message.  Otherwise, the eNB shall not include the Coverage Enhancement Level based paging carrier selection IE in the UE CONTEXT RELEASE COMPLETE message.
If the User Location Information IE is included in the UE CONTEXT RELEASE COMPLETE message, the MME shall handle this information as specified in TS 23.401 [11].
If the Information on Recommended Cells and eNBs for Paging IE is included in the UE CONTEXT RELEASE COMPLETE message, the MME shall, if supported, store it and may use it for subsequent paging. 
If the Cell Identifier and Coverage Enhancement Level IE is included in the UE CONTEXT RELEASE COMPLETE message, the MME shall, if supported, store it and use it for subsequent paging.
If the Secondary RAT Usage Report List IE is included in the UE CONTEXT RELEASE COMPLETE message, the MME shall handle this information as specified in TS 23.401 [11].
[bookmark: _Toc88646612]8.3.3.3	Abnormal Conditions
If the UE Context Release procedure is not initiated towards the eNB before the expiry of the timer TS1RELOCOverall, the eNB shall request the MME to release the UE context.
If the UE returns to the eNB before the reception of the UE CONTEXT RELEASE COMMAND message or the expiry of the timer TS1RELOCOverall, the eNB shall stop the TS1RELOCOverall and continue to serve the UE.
Next change
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[bookmark: _Toc88646629]8.3.7.1	General
The purpose of the UE Context Suspend procedure is to suspend the UE context, the UE-associated logical S1-connection and the related bearer contexts in the E-UTRAN and the EPC.
[bookmark: _Toc88646630]8.3.7.2	Successful Operation


Figure 8.3.7.2-1: UE Context Suspend procedure. Successful operation.
The eNB initiates the procedure by sending the UE CONTEXT SUSPEND REQUEST message to the MME.
Upon receipt of the UE CONTEXT SUSPEND REQUEST the MME shall act as defined in TS 23.401 [11].
Upon receipt of the UE CONTEXT SUSPEND RESPONSE message the eNB shall suspend the UE context, the UE-associated logical S1-connection and the related bearer contexts and send the UE to RRC_IDLE.
If npdcch-NumRepetitionPaging IE is sent to UE by unicast signalling(e.g. by RRCConnectionRelease-NB message), the eNB shall include the Coverage Enhancement Level based paging carrier selection IE in the UE CONTEXT SUSPEND REQUEST message. Otherwise, the eNB shall not include the Coverage Enhancement Level based paging carrier selection IE in the UE CONTEXT SUSPEND REQUEST message.
If the Information on Recommended Cells and eNBs for Paging IE is included in the UE CONTEXT SUSPEND REQUEST message, the MME shall, if supported, store it and may use it for subsequent paging.
If the Cell Identifier and Coverage Enhancement Level IE is included in the UE CONTEXT SUSPEND REQUEST message, the MME shall, if supported, store it and use it for subsequent paging.
If the Secondary RAT Usage Report List IE is included in the UE CONTEXT SUSPEND REQUEST message, the MME shall handle this information as specified in TS 23.401 [11].
If the Security Context IE is included in the UE CONTEXT SUSPEND RESPONSE message, the eNB shall store the received Security Context IE in the UE context and remove any existing unused stored {NH, NCC} as specified in TS 33.401 [15].
The eNB shall, if supported, report in the UE CONTEXT SUSPEND REQUEST message location information of the UE in the User Location Information IE. If the PSCell Information IE is included in the User Location Information IE, it indicates the UE was configured with EN-DC radio resources at the eNB. Also, if the Time Since Secondary Node Release IE is included in the UE CONTEXT SUSPEND REQUEST message, it indicates the time elapsed since EN-DC operation in the eNB was stopped for the UE.
Next change
[bookmark: _Toc81229106][bookmark: _Toc73964477]9.2.1.109	Cell Identifier and Coverage Enhancement Level
This IE provides information for paging CE capable UEs.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Global Cell ID
	M
	
	E-UTRAN CGI 9.2.1.38
	

	Coverage Enhancement Level
	M
	
	OCTET STRING
	Includes either the UEPagingCoverageInformation message as defined in 10.2.2 of TS 36.331 [16], or the UEPagingCoverageInformation-NB message as defined in 10.6.2 of TS 36.331 [16].

	Coverage Enhancement Level based paging carrier selection
	O
	
	ENUMERATED (true, …)
	Indicates whether Coverage Enhancement Level based paging carrier selection for NB-IoT UE is activated. 



	maxnoofPagingCells
	Maximum no. of paging cells, the maximum value is 512. 



Next change
[bookmark: _Toc51763024][bookmark: _Toc29391096][bookmark: _Toc45832071][bookmark: _Toc64382077][bookmark: _Toc36551835][bookmark: _Toc20953918]9.3.4	Information Element Definitions
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

S1AP-IEs {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
[bookmark: _Hlt241618181]eps-Access (21) modules (3) s1ap (1) version1 (1) s1ap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

IMPORTS
//SKIP THE UNRELATED PART//
	id-EmergencyIndicator,
id-CELBasedPagingCarrierSelection
	maxnoofCSGs,	
//SKIP THE UNRELATED PART//
CellIdentifierAndCELevelForCECapableUEs ::= SEQUENCE {
	global-Cell-ID		EUTRAN-CGI,
	cELevel				CELevel,
	iE-Extensions		ProtocolExtensionContainer { { CellIdentifierAndCELevelForCECapableUEs-ExtIEs} } OPTIONAL,
	...
}

CellIdentifierAndCELevelForCECapableUEs-ExtIEs S1AP-PROTOCOL-EXTENSION ::= {
	{ ID id-CELBasedPagingCarrierSelection	CRITICALITY ignore	EXTENSION  CELBasedPagingCarrierSelection		PRESENCE optional},
	...
}

CELBasedPagingCarrierSelection ::= ENUMERATED {
	TRUE,
	...
}

-- Coverage Enhancement level encoded according to TS 36.331 [16] --
CELevel ::= OCTET STRING

CE-mode-B-SupportIndicator ::= ENUMERATED {
	supported,
	...
}
//SKIP THE UNRELATED PART//
	
Next change
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//SKIP THE UNRELATED PART//
id-UERadioCapabilityForPaging-NR-Format 			ProtocolIE-ID ::= 327
id-CELBasedPagingCarrierSelection					ProtocolIE-ID ::= 32x


END
-- ASN1STOP

End of the change
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