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Introduction
Supporting LTE connected to 5GC means that any UE NAS-related identifier in 5GC used in RRC needs to be supported by LTE. This contribution address such identifiers and its impact on LTE RRC. 
[bookmark: _Ref178064866]Discussion
Architecture overview
A high-level overview of the 5GC architecture with LTE RAN connected to 5G-CN (5GC) is shown in the figure below. 



Fig.1: High level overview of LTE connected to 5GC
A summary of the main 5GC associated identifiers (along with mapping of LTE Identifiers) that would need to be exchanged on RRC to support LTE connected to 5GC is reflected in Table 1 below, according to annex G in [1]: 
 Table.1 : Summary of 5GC related identifier

	Identifiers LTE/EPC  (size in bits)
	Description (Size in LTE)
	Identifiers LTE/5GC 

	M-TMSI (32 bits)
	MME- Temp Mob subsc ID: Unique with in an MME  
	5G-TMSI

	S-TMSI (40 bits)
	SAE/EPC Temp Mob Subs ID = M-TMSI + MMEC
	5G-S-TMSI> := <AMF Set ID> <AMF Pointer> <5G-TMSI>

	GUMMEI  (48 bits)
	Globally Unique MME ID= PLMN ID+ MMEI
	GUAMI= <GUAMI> := <MCC> <MNC> <AMF Region ID> <AMF Set ID> <AMF Pointer> 

	GUTI (max 80 bits)
	Globally Unique Temp ID: GUMMEI+ M-TMSI (MME --> UE)
	GUAMI+ 5G-TMSI

	MMEC  (8 bits)
	MME code
	<AMF Set ID> <AMF Pointer>

	MMEI  (24 bits)
	MME Identifier= MMEGI+ MMEC  
	<GUAMI>

	MMEGI (16 bits)
	MME Group Identifier 
	<AMF Region ID>

	MCC (2 bits)
	Mobile Country Code 
	MCC

	MNC (2 bits)
	Mobile Network Code
	MNC



The lengths of the respective 5GC related identifiers are not specified in [1] so they are not included in the table.
5G-S-TMSI
5G-S-TMSI encapsulates several of the 5GC-related identifiers in Table 1. From 3GPP TS 23.501 [1], the 5G-S-TMSI is defined as:
“
	<5G-S-TMSI> := <AMF Set ID> <AMF Pointer> <5G-TMSI>
“
Where; 
AMF Set ID: The AMF Set ID uniquely identifies the AMF Set within an AMF Region 
AMF Pointer:  AMF Pointer uniquely identifies the AMF within the AMF Set. 
5G-TMSI: The 5G-TMSI is a UE identifier that is unique within a specific AMF (identified by AMF Set ID and AMF Pointer)
TS 23.501 also include an “AMF Region” that addresses the case that there are more AMF’s in the network than the number of AMFs that can be supported by AMF Set ID and AMF Pointer by enabling operators to re-use the same AMF Set ID and AMF Pointers in different regions. 
There are currently not any further details specified in 3GPP TS 23.003 on the identifiers above, but it is assumed that the size of the 5G-S-TMSI follows the S-TMSI and is 40 bits long. The 5G-S-TMSI size is important to be compliant with the msg3 size in LTE. It is however relevant to have this assumption confirmed by the responsible group for TS 23.003, CT4, such that it is possible to progress the RRC message specification in RAN2 for E-UTRA connected to 5GC.
[bookmark: _Toc494113570][bookmark: _Toc494113576][bookmark: _Toc494114001][bookmark: _Toc494370401]Verify with CT4 that the 5G-S-TMSI length should be 40 bits.

From RAN 2 perspective, 5G-S-TMSI may be included in msg3 (instead of S-TMSI) to enable contention resolution at lower layers and to enable the RAN to locate the serving AMF. It can  be concluded that when LTE is connected to 5GC, the 5G-S-TMSI instead of the S-TMSI should be used. 
[bookmark: _Toc494113571][bookmark: _Toc494113577][bookmark: _Toc494114002][bookmark: _Toc494370402]5G-S-TMSI may be included in msg3 (instead of S-TMSI) to enable contention resolution at lower layers and to enable the RAN to locate the serving AMF.

Provided that the S-TMSI and 5G-S-TMSI have the same size it is tempting to re-use the existing S-TMSI field in the RRC connection request message to convey the 5G-S-TMSI. However, unless some additional information is added, the eNB will not be able to distinguish between the two identifiers which means it cannot provide different treatment depending on CN type. This would for example be needed if NR PDCP is used for SRBs in LTE connected to 5GC (SRB1 is configured in MSG4 which means the CN type/PDCP version must be known at the latest by MSG3). 
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To solve this problem several options can be considered:
a) Different S-TMSI ranges: The existing S-TMSI field is re-used and the CN type is determined by allocating different S-TMSI ranges in EPC and 5G-CN. 
b) Using spare bit: The existing S-TMSI field is re-used and the CN type is indicated by using the remaining spare bit field in the RRC connection request message.
c) New RRC message: A new RRC connection request message is defined for LTE connected to 5G-CN. This can in turn be achieved in several ways:
1. Critically extending the existing RRCConnectionRequest message (see Annex for example).
2. Defining a new RRC message “RRCConnectionRequest-5GCN” on UL-CCCH (similar to what was done for RRC connection resume request in Rel-13).
3. Defining a new RRC message “RRCConnectionRequest-5GCN” on a new logical channel “UL-CCCHbis”
The last option (c) requires larger changes but provides a clearer separation between EPC and 5G-CN. This allows us to e.g.  define a new 5G-S-TMSI IE which better reflects the new 5GCN S-TMSI format (i.e. AMF Set ID + AMF Pointer + 5G-TMSI). In the first two options (a and b) on the other hand we are forced to re-use the existing EPC S-TMSI format (i.e. MMEC + M-TMSI) (see below). Defining a new RRC message also makes it possible to re-define the establishment cause field and align the values used in NR and LTE connected to 5G-CN, if needed.
S-TMSI information element
-- ASN1START

S-TMSI ::=							SEQUENCE {
	mmec								MMEC,
	m-TMSI								BIT STRING (SIZE (32))
}

-- ASN1STOP
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a) Different S-TMSI ranges in EPC and 5G-CN
b) Indicate CN type using the remaining spare bit field
c) Define new RRC connection request message for LTE connected to 5G-CN

[bookmark: _GoBack]Also for paging purposes and in RRC Connection Request Complete messages, the new 5G-S-TMSI need to be defined 
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RRC Connection Request Complete
In E-UTRAN, in the complete-message, not only the 5G-S-TMSI is used, but also the MME identifiers, see below: 
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					SEQUENCE {}						OPTIONAL
}

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

-- ASN1STOP

In cases when LTE is connected to 5GC, the MME identifiers are irrelevant and should instead be replaced with AMF identifiers, to serve a similar purpose. When E-UTRA connects to 5GC, at least the following needs to be addressed: 
· GUMMEI should be replaced with: <GUAMI>
· MMEGI should be replaced with: <AMF Region>
· MMEC should be replaced with : <AMF Pointer> <AMF Set>
As the AMF-identifiers are currently only described in 23.501, its lengths are not indicated here, it is necessary for RAN2 to get more information about the AMF identifier lengths. We propose to add this question to the above-proposed LS to CT4. 
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Conclusion
In this contribution, the new UE related network identifiers are highlighted that are required to support LTE connected to 5GC. The RRC impact of 5GC related UE identifiers is also elaborated. The constraints on the size and positioning of 5G-S-TMSI in RRC message is explained in detail. 
Based on the discussion in section 2 we propose the following:

Proposal 1	Verify with CT4 that the 5G-S-TMSI length should be 40 bits
Proposal 2	5G-S-TMSI may be included in msg3 (instead of S-TMSI) to enable contention resolution at lower layers and to enable the RAN to locate the serving AMF.
Proposal 3	The eNB should be able to distinguish the CN type and type of identifier (5G-S-TMSI vs S-TMSI) already in msg3.
Proposal 4	RAN2 to discuss how to indicate the CN type and 5G-S-TMSI in the RRC connection request message:  a) Different S-TMSI ranges in EPC and 5G-CN b) Indicate CN type using the remaining spare bit field c) Define new RRC connection request message for LTE connected to 5G-CN
Proposal 5	Paging messages in LTE shall support UE identification with 5G-S-TMSI
Proposal 6	Add to the LS towards CT4 and SA2 that details about AMF identifiers are needed for RAN2 to progress specification of RRC messages for LTE when connected to 5GC.
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Annex
This annex provides an example how a new RRC connection request message can be defined for LTE connected to 5G-CN by extending the existing RRCConnectionRequest message.
Note that the extension costs 1 bit which means we need to remove the spare bit field to maintain the same message size.
RRCConnectionRequest message
-- ASN1START

RRCConnectionRequest ::=			SEQUENCE {
	criticalExtensions					CHOICE {
		rrcConnectionRequest-r8				RRCConnectionRequest-r8-IEs,
		criticalExtensionsFuture			CHOICE {
			rrcConnectionRequest-r15		RRCConnectionRequest-r15-IEs,
			criticalExtensionsFuture 		SEQUENCE {}
		}
	}
}

RRCConnectionRequest-r8-IEs ::=		SEQUENCE {
	ue-Identity							InitialUE-Identity,
	establishmentCause					EstablishmentCause,
	spare								BIT STRING (SIZE (1))
}

RRCConnectionRequest-r15-IEs ::=		SEQUENCE {
	ue-Identity							InitialUE-Identity-5GCN,
	establishmentCause					EstablishmentCause,
}

InitialUE-Identity ::=				CHOICE {
	s-TMSI								S-TMSI,
	randomValue							BIT STRING (SIZE (40))
}

InitialUE-Identity-5GCN ::=				CHOICE {
	s-TMSI								5G-S-TMSI,
	randomValue							BIT STRING (SIZE (40))
}


EstablishmentCause ::=				ENUMERATED {
										emergency, highPriorityAccess, mt-Access, mo-Signalling,
										mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, 
                                     	spare1}


S-TMSI information element
-- ASN1START

S-TMSI ::=							SEQUENCE {
	mmec								MMEC,
	m-TMSI								BIT STRING (SIZE (32))
}

S-TMSI-5G-CN ::=					SEQUENCE {
	amfSetID							AMFSetID,
	amfPointer							AMFPointer,
	m-TMSI								BIT STRING (SIZE (32))
}

-- ASN1STOP
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