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1	Information
In the current specification, LTE-M indication is sent from RAN to MME in UE CAPABILITY INFO INDICATION.
In TS 36.413, the procedure is specified in below:
	[bookmark: _Toc534711693]8.9	UE Capability Info Indication
[bookmark: _Toc534711694]8.9.1	General
The purpose of the UE Capability Info Indication procedure is to enable the eNB to provide to the MME UE capability-related information.
[bookmark: _Toc534711695]8.9.2	Successful Operation


Figure 8.9.2-1: UE Capability Info Indication procedure. Successful operation.
The eNB controlling a UE-associated logical S1-connection initiates the procedure by sending a UE CAPABILITY INFO INDICATION message to the MME including the UE capability information. The UE CAPABILITY INFO INDICATION message may also include paging specific UE capability information within the UE Radio Capability for Paging IE. The UE capability information received by the MME shall replace previously stored corresponding UE capability information in the MME for the UE, as described in TS 23.401 [11]. 
If UE CAPABILITY INFO INDICATION message contains the LTE-M indication IE, the MME shall, if supported, use it according to TS 23.401 [11].
If the UE indicates the support for UE Application Layer Measurement, the eNB shall if supported include the UE Application Layer Measurement Capability IE in the UE CAPABILITY INFO INDICATION message. The MME shall, if supported, store and use thie information when initiating UE Application Layer Measurement.




In TS 36.300, the capability handling is specified:
	





2	Discussion
2.1	When is LTE-M indication needed in CN?
During initial attach procedure, UE does random access and the first message from eNB to CN is INITIAL UE MESSAGE. At this stage, eNB does not have UE capability information. MME request the eNB to enquire the UE capability in the Initial Context Setup Request. MME stores UE capability information until UE is detached.
SA2 introduced a new RAT type for LTE-M in order to apply a separate charging model for traffic from an LTE-M device and to introduce requirements for identification and transparency when roaming. 
To fulfil those requirements, MME needs to indicate whether a UE is Cat-M1/M2 to S-GW/P-GW as a new RAT type in Create Session Request. MME also needs to block inbound roaming for Cat-M1/M2 devices in the initial attach if it is required by the operator.
But with the current solution in 3GPP, which uses Cat-M1/M2 to assign the new RAT type LTE-M in the core network, MME can only get explicit LTE-M indication in UE CAPABILITY INFO INDICATION. This would lead to the problems below:
In the attach procedure, when MME receives the Initial UE message, it will send Create Session Request to SGW and indicate to SGW that this is for an LTE-M1/M2 UE for charging. However, UE capability, if not available at the MME, can be received from eNB after Initial Context Setup Request/Response (ICSR), which would be late.
For block roaming a CAT-M1/M2 device, this would mean that the device will always be accepted for the attach procedure and when MME receives the UE capability after ICSR, the device may be detached. This means the roaming CAT-M device can access the network for communication during initial attach even though it should be blocked.
For Dedicated CN (DCN) selection, CAT-M1/M2 devices may be routed to a wrong DCN in the attach (UUT setting now is per IMSI level, however, if an MBB USIM is inserted into a Cat-M1/M2 device).  After the MME in the wrong DCN receives the UE capabilities, a re-route may be needed to steer the UE to the correct DCN. It requires additional network signaling and the reroute may not happen immediately.
Observation 1: In the current specification, indication for category LTE-M1/M2 devices is received by the CN in UE Capability Information after the UE context and user plane has been setup. This is too late.
2.2	Solutions

[bookmark: _Hlk4606750]Before a UE sends Msg1 (RACH Preamble), it has to determine what kind of RACH resource it should use. This information is broadcast via SIB2.
If the UE is a BL UE or a UE in enhanced coverage, eNB would be aware during random access procedure. 


One solution is network side solution:
When eNB is aware the UE is BL UE or a UE in enhanced coverage during random access procedure, the eNB indicates this to MME. 
Depending on the operator policy, if the normal UE using CE is to be treated the same as Cat M1/Cat M2 UE for charging, routing to DCN or roaming handling purpose, MME could use this indication as if the UE is of LTE-M type at CN network side.
If the MME needs to different and make sure the UE is of Cat M1/Cat M2 category, it may initial capability request towards eNB.
The drawback of this solution is extra signaling or some ambiguity.



One solution is the UE side solution:
[bookmark: _Hlk4605782]Similar to the indication for CE Mode B support provided in RRCConnectionSetupComplete message, a new indication is introduced to inform the eNB whether the UE is a CatM1/M2 device or a “normal” category UE in CE. See below for details. The eNB then can include the LTE-M Indication in Initial UE Message. The indication should be early implementable.


[bookmark: _Toc535571574]–	RRCConnectionSetupComplete
The RRCConnectionSetupComplete message is used to confirm the successful completion of an RRC connection establishment.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to E‑UTRAN
RRCConnectionSetupComplete message
-- ASN1START

RRCConnectionSetupComplete ::=		SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		c1									CHOICE{
			rrcConnectionSetupComplete-r8		RRCConnectionSetupComplete-r8-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCConnectionSetupComplete-r8-IEs ::= SEQUENCE {
	selectedPLMN-Identity				INTEGER (1..maxPLMN-r11),
	registeredMME						RegisteredMME						OPTIONAL,
	dedicatedInfoNAS					DedicatedInfoNAS,
	nonCriticalExtension				RRCConnectionSetupComplete-v8a0-IEs	OPTIONAL
}

RRCConnectionSetupComplete-v8a0-IEs ::= SEQUENCE {
	lateNonCriticalExtension			OCTET STRING							OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1020-IEs	OPTIONAL
}

RRCConnectionSetupComplete-v1020-IEs ::= SEQUENCE {
	gummei-Type-r10						ENUMERATED {native, mapped}				OPTIONAL,
	rlf-InfoAvailable-r10				ENUMERATED {true}						OPTIONAL,
	logMeasAvailable-r10				ENUMERATED {true}						OPTIONAL,
	rn-SubframeConfigReq-r10			ENUMERATED {required, notRequired}		OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1130-IEs	OPTIONAL
}

RRCConnectionSetupComplete-v1130-IEs ::= SEQUENCE {
	connEstFailInfoAvailable-r11		ENUMERATED {true}				OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1250-IEs		OPTIONAL
}

RRCConnectionSetupComplete-v1250-IEs ::= SEQUENCE {
	mobilityState-r12					ENUMERATED {normal, medium, high, spare}	OPTIONAL,
	mobilityHistoryAvail-r12			ENUMERATED {true}							OPTIONAL,
	logMeasAvailableMBSFN-r12			ENUMERATED {true}							OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1320-IEs		OPTIONAL
}

RRCConnectionSetupComplete-v1320-IEs ::= SEQUENCE {
	ce-ModeB-r13						ENUMERATED {supported}						OPTIONAL,
	s-TMSI-r13							S-TMSI										OPTIONAL,
	attachWithoutPDN-Connectivity-r13	ENUMERATED {true}							OPTIONAL,
	up-CIoT-EPS-Optimisation-r13		ENUMERATED {true}							OPTIONAL,
	cp-CIoT-EPS-Optimisation-r13		ENUMERATED {true}							OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1330-IEs		OPTIONAL
}

RRCConnectionSetupComplete-v1330-IEs ::= SEQUENCE {
	ue-CE-NeedULGaps-r13				ENUMERATED {true}							OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1430-IEs		OPTIONAL
}

RRCConnectionSetupComplete-v1430-IEs ::= SEQUENCE {
	dcn-ID-r14							INTEGER (0..65535)							OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1530-IEs		OPTIONAL
}

RRCConnectionSetupComplete-v1530-IEs ::= SEQUENCE {
	logMeasAvailableBT-r15				ENUMERATED {true}						OPTIONAL,
	logMeasAvailableWLAN-r15			ENUMERATED {true}						OPTIONAL,
	idleMeasAvailable-r15				ENUMERATED {true}						OPTIONAL,
	flightPathInfoAvailable-r15			ENUMERATED {true}						OPTIONAL,
	connectTo5GC-r15					ENUMERATED {true}						OPTIONAL,
	registeredAMF-r15					RegisteredAMF-r15						OPTIONAL,
	s-NSSAI-list-r15					SEQUENCE(SIZE (1..maxNrofS-NSSAI-r15)) OF S-NSSAI-r15 OPTIONAL,
	ng-5G-S-TMSI-Bits-r15				CHOICE {
		ng-5G-S-TMSI-r15					NG-5G-S-TMSI-r15,
		ng-5G-S-TMSI-Part2-r15				BIT STRING (SIZE (8))
	}																			OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1540-IEs	OPTIONAL
}

RRCConnectionSetupComplete-v1540-IEs ::= SEQUENCE {
	gummei-Type-v1540					ENUMERATED {mappedFrom5G}		OPTIONAL,
	guami-Type-r15						ENUMERATED {native, mapped}		OPTIONAL,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

RegisteredMME ::=					SEQUENCE {
	plmn-Identity						PLMN-Identity						OPTIONAL,
	mmegi								BIT STRING (SIZE (16)),
	mmec								MMEC
}

RegisteredAMF-r15	::=				SEQUENCE {
	plmn-Identity-r15					PLMN-Identity						OPTIONAL,
	amf-Identifier-r15					AMF-Identifier-r15
}

-- ASN1STOP

	RRCConnectionSetupComplete field descriptions

	attachWithoutPDN-Connectivity
This field is used to indicate that the UE performs an Attach without PDN connectivity procedure, as indicated by the upper layers and specified in TS 24.301 [35].

	cp-CIoT-EPS-Optimisation
This field is included when the UE supports the Control plane CIoT EPS Optimisation, as indicated by the upper layers, see TS 24.301 [35].

	ce-ModeB
Indicates whether the UE supports operation in CE mode B, as specified in TS 36.306 [5].

	connectTo5GC
This field is not used in the specification. It shall not be sent by the UE.

	dcn-ID
The Dedicated Core Network Identity, see TS 23.401 [41].

	guami-Type
This field is used to indicate whether the GUAMI included is native (derived from native 5G-GUTI) or mapped (from EPS, derived from EPS GUTI).

	gummei-Type
This field is used to indicate whether the GUMMEI included is native (assigned by EPC) or mapped. The value native indicates the GUMMEI is native, mapped indicates the GUMMEI is mapped from 2G/3G identifiers, and mappedFrom5G indicates the GUMMEI is mapped from 5G identifiers. A UE that sets gummei-Type-v1540 to mappedFrom5G shall also include gummei-Type-r10 and set it to native.

	idleMeasAvailable
Indication that the UE has idle mode measurement report available.

	mmegi
Provides the Group Identity of the registered MME within the PLMN, as provided by upper layers, see TS 23.003 [27].

	mobilityState
This field indicates the UE mobility state (as defined in TS 36.304 [4], clause 5.2.4.3) just prior to UE going into RRC_CONNECTED state. The UE indicates the value of medium and high when being in Medium-mobility and High-mobility states respectively. Otherwise the UE indicates the value normal.

	ng-5G-S-TMSI-Part2
The leftmost 8 bits of 5G-S-TMSI.

	registeredMME
This field is used to transfer the GUMMEI of the MME where the UE is registered, as provided by upper layers.

	rn-SubframeConfigReq
If present, this field indicates that the connection establishment is for an RN and whether a subframe configuration is requested or not.

	selectedPLMN-Identity
Index of the PLMN selected by the UE from the plmn-IdentityList fields included in SIB1. 1 if the 1st PLMN is selected from the 1st plmn-IdentityList included in SIB1, 2 if the 2nd PLMN is selected from the same plmn-IdentityList, or when no more PLMN are present within the same plmn-IdentityList, then the PLMN listed 1st in the subsequent plmn-IdentityList within the same SIB1 and so on.

	s-NSSAI-List
This field is a list of S-NSSAI as indicated by the upper layers. The UE can report up to eight S-NSSAI per NSSAI, see TS 23.003 [27].

	ue-CE-NeedULGaps
Indicates whether the UE needs uplink gaps during continuous uplink transmission in FDD as specified in TS 36.211 [21] and TS 36.306 [5].

	up-CIoT-EPS-Optimisation
This field is included when the UE supports the User plane CIoT EPS Optimisation, as indicated by the upper layers, see TS 24.301 [35].




Proposal 1: RAN3 to discuss the solutions, if to impact UE,
Proposal 1.1 : Include LTE-M Indication in Initial UE Message as in [1]
Proposal 1.2: Send a LS to RAN2 as in [2]
Proposal 2: RAN3 to discuss the solutions, if not to impact UE,
Proposal 2.1 : Include BL-CE Indication in Initial UE Message as in [3]
3	Proposal
Observation 1: In the current specification, indication for category LTE-M1/M2 devices is received by the CN in UE Capability Information after the UE context and user plane has been setup. This is too late.
Proposal 1: RAN3 to discuss the solutions, if to impact UE,
Proposal 1.1 : Include LTE-M Indication in Initial UE Message as in [1]
Proposal 1.2: Send a LS to RAN2 as in [2]
Proposal 2: RAN3 to discuss the solutions, if not to impact UE,
Proposal 2.1 : Include BL-CE Indication in Initial UE Message as in [3]
4	Reference
[1]	R3-191705	LTE-M Indication, Ericsson
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S1-AP: INITIAL CONTEXT SETUP RESPONSE

S1-AP: INITIAL CONTEXT SETUP REQUEST

<23.401: UE Security Capabilities 

+ 36.331: UE Radio Capability: 

UERadioAccessCapabilityInformation>

RRC: UECapabilityEnquiry

<36.331: RAT-Type>

RRC: UECapabilityInformation

<36.331: RAT-Type + UE-CapabilityRAT-

Container>

eNB decides if more capabilities are needed, e.g. based on

-which other RATs the UE supports

-if such neighbour cells are present

S1-AP: UE CAPABILITY INFO INDICATION

<36.331: UE Radio Capability: 

UERadioAccessCapabilityInformation>

eNB keeps capabilities during RRC CONNECTED state and builds 

one UERadioAccessCapabilityInformation message consisting of all 

known capabilities excluding the UTRAN capability

MME keeps capabilities until 

DETACH or ATTACH (see 23.401, 

5.11.2)


