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1 Introduction
SA2 has completed the Study on Cellular IoT support and evolution for the 5G System (FS_CIoT_5G) and has agreed a work item to specify 5GS enhancements based on the study conclusions to enable Cellular IoT functionalities for 5GS capable devices that support WB-EUTRA (eMTC) or NB-IoT or both [1], [2].
At RAN#82, revision of the NB-IoT and eMTC Rel-16 WID was agreed to introduce support of Cellular IoT functionalities for 5GS capable devices that support WB-EUTRA (eMTC) or NB-IoT [3], [4].

Besides support of the CIoT functionalities in 5G CN, actual support of connection to 5G CN needs to be introduced.  This was introduced in Rel-15 specification as part of WI [5], however eMTC and NB-IoT were excluded in the WI.

In this document, we discuss the signalling needed during the RRC connection establishment procedure to enable connection to 5GC.
2 Discussion
2.1 LTE background
For eLTE, the following RAN2 agreements were made: 
RAN2#100

· 5GCN indicator is not added to MSG3 (remain included in MSG5)

RAN2#101bis
-
Number of slices supported by UE in parallel is 8.

-
From UE perspective, the UE can be configured to support the requirements of the supported slices (e.g. by appropriate configuration of different DRBs of different PDU sessions).

-
For connection establishment case the NSSAI info is included in MSG5 if provided by upper layers. 
RAN2#102
-
Introduce new field registeredAMF in RRCConnectionSetupComplete for LTE/5GC, same structure defined in NR TS38.331 can be used.

- 
ng-5G-S-TMSI is used as name of 5G-S-TMSI for LTE/5GC in TS36.331;

- 
The structure of ng-5G-S-TMSI defined in TS38.331 is used 

-
Whether 5G-S-TMSI in RRCConnectionSetupComplete is needed for the fallback from resume case. To be discussed after the normal setup case

-
Keep a 40-bit identifier in msg3

-
Include 40 rightmost bits of 5G-S-TMSI in msg3 and remaining 8 bits in msg5

RAN2#103

From R2-1811646
Report on [102#73][LTE 5GC] NR agreements applicable for LTE/5G
-
It is also clarified when to transmit full 5G-S-TMSI in the setup complete message
RAN2#103Bis 
From R2-1815859 [E201] CR to 36.331 on handling of mapped GUMMEI at idle mode mobility from 5GS to EPS
-
The gummei-Type field in the RRCConnectionSetupComplete message is extended with a new value mappedFrom5G to indicate that the GUMMEI was mapped from (the GUAMI part of the) 5G-GUTI.

-
For ASN.1 compatibility, a UE that uses the extended gummei-Type field shall also set the legacy gummei-Type field to value native. In this way a legacy eNB which is not able to parse the new field will treat the GUMMEI as a native GUMMEI. It will then be up the MME/network planner to ensure that there are no collisions between the AMF and the MME identities. Note that this is in line with SA2 CR which states:

-
“The UE includes in the RRC message a GUMMEI mapped from the 5G-GUTI and indicates it as a native GUMMEI and should in addition indicate it as "Mapped from 5G-GUTI".
-
The guami-Type field is added in the RRC connection setup complete message definition to indicate whether the GUAMI is native or mapped from (the GUMMEI part of the) EPS GUTI.

This was introduced as follows in the ASN.1
RRCConnectionRequest message
-- ASN1START

RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,



rrcConnectionRequest-r15


RRCConnectionRequest-5GC-r15-IEs

}

}

RRCConnectionRequest-5GC-r15-IEs ::=
SEQUENCE {


ue-Identity







InitialUE-Identity-5GC,


establishmentCause

 



EstablishmentCause-5GC,


spare








BIT STRING (SIZE (1))

}
InitialUE-Identity-5GC ::=


CHOICE {


ng-5G-S-TMSI-Part1




BIT STRING (SIZE (40)),


randomValue






BIT STRING (SIZE (40))

}
EstablishmentCause-5GC ::=


ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, mo-VoiceCall, spare2, spare1}

RRCConnectionSetupComplete message
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

}

RegisteredAMF-r15
::=



SEQUENCE {


plmn-Identity-r15




PLMN-Identity





OPTIONAL,


amf-Identifier-r15




AMF-Identifier-r15

}
-- ASN1STOP

2.2 Indications for connection to 5GC NB-IoT

2.2.1 Indications in RRC connection Request message

For eLTE, as there was only one spare bit left in the legacy RRCConnectionRequest message, it was agreed to create a new version of the message to indicate connection to 5GC, to include 40 rightmost bits of 5G-S-TMSI in msg3 and remaining 8 bits in msg5.

In NB-IoT, the size of the RRCConnectionRequest-NB message is about 80 bits which provides enough space to include a 5GC indicator and the full 5G S-TMSI .

Observation 1: There are enough in legacy RRCConnectionRequest-NB message to have both a 5GC indicator and the full 5G-S-TMSI.

In NB-IoT connected to EPS, the S-TMSI in MSG3 is used to retrieve the UE context (inter-UE QoS and UE capability) for the control plane solution from the MME after MSG3. . 

Retrieval of the UE context from the AMF after MSG3 is covered by the sub-topic ‘Support of Inter-UE QoS for data over NAS’ in the WID (key issue 14, solution 16 in TR 23.724 [6]). Thus, the information related to 5GC connection will all need to be provided at earlier stage than in LTE.

Observation 2: The eNB needs the full 5G S-TMSI in MSG3 to retrieve the UE context from the AMF after MSG3 for the CP solution.

Based on the above observations, it is proposed to deviate from LTE and provide the full 5G S-TMSI in RRCConnectionRequest-NB. 
Proposal 1: Include an indication of connection to 5GC in RRCConnectionRequest-NB message.

Proposal 2: Include the full 5GC-S-TMSI in RRCConnectionRequest-NB message.

There are two possible ways to implement the proposals above:

1. 
Extend the legacy RRCConnectionRequest-NB message by introducing a connectTo5GC indicator, reusing the legacy field ue-Identity-r13 to include the 40 rightmost bits of 5G-S-TMSI, and introducing ng-5G-S-TMSI-Part2 to include the remaining 8 bits of 5G-S-TMSI.

RRCConnectionRequest-NB-r13-IEs ::=

SEQUENCE {


ue-Identity-r13






InitialUE-Identity,


establishmentCause-r13




EstablishmentCause-NB-r13,


multiToneSupport-r13




ENUMERATED {true}



OPTIONAL,


multiCarrierSupport-r13




ENUMERATED {true}



OPTIONAL,


earlyContentionResolution-r14


BOOLEAN,


cqi-NPDCCH-r14






CQI-NPDCCH-NB-r14,

connectTo5GC-r16





BOOLEAN,


ng-5G-S-TMSI-Part2-r16




BIT STRING (SIZE (8)),


spare








BIT STRING (SIZE (917))
}

2. Create a new version of the RRCConnectionRequest-NB, similarly to what was done in eLTE:
RRCConnectionRequest-NB ::=

SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r13


RRCConnectionRequest-NB-r13-IEs,



later







CHOICE {




rrcConnectionRequest-r16


RRCConnectionRequest-5GC-NB-r16-IEs,




criticalExtensionsFuture


SEQUENCE {}


}


}

}

RRCConnectionRequest-5GC-NB-r16-IEs ::=

SEQUENCE {


ue-Identity-r16







InitialUE-Identity-5GC-NB-r16,


establishmentCause-r16





EstablishmentCause-NB-r13,


multiToneSupport-r16






ENUMERATED {true}



OPTIONAL,


multiCarrierSupport-r16





ENUMERATED {true}



OPTIONAL,


earlyContentionResolution-r16



BOOLEAN,


cqi-NPDCCH-r16







CQI-NPDCCH-NB-r14,


spare









BIT STRING (SIZE (17))

InitialUE-Identity-5GC-NB-r16 ::=


CHOICE {


ng-5G-S-TMSI-r16






NG-5G-S-TMSI-r15,


randomValue








BIT STRING (SIZE (48))

}

Note that creating a new version of the message has the benefit to keep many spares for extension in the future and to allow different evolutions for the two CN. It would also allow to remove the bits that are no longer needed (e.g. multiToneSupport, multiCarrierSupport, earlyContentionResolution).
Observation 3: Creating a new version of RRCConnectionRequest-NB message would allow to have more spare bits for future extensions and have different evolutions for the two CN.

Proposal 3: RAN2 to discuss whether to extend the legacy RRCConnectionRequest-NB-r13-IEs or create a new version RRCConnectionRequest-5GC-NB-r16-IEs.

2.2.2 Indications in RRC Early Data Request message

In NB-IoT, the UE may also access with the EDT procedure, using RRCEarlyDataRequest-NB message instead. Same as for the legacy establishment procedure, the eNB needs to know that the UE is accessing 5GC and the 5G-S-TMSI.

Proposal 4: Include an indication of connection to 5GC in RRCEarlyDataRequest-NB message.

Proposal 5: Include the full 5GC-S-TMSI in RRCEarlyDataRequest-NB message.

Proposal 6: RAN2 to discuss whether to extend the legacy RRCEarlyDataRequest-NB-r15-IEs or create a new version RRCEarlyDataRequest-5GC-NB-r16-IEs.

Note that EDT is also used in eMTC and that there is the same requirement for the eNB to know that the UE is accessing 5GC and the 5G-S-TMSI.
Proposal 7: RAN2 to discuss Proposal 4, Proposal 5 and Proposal 6 also for eMTC.
2.2.3 Indications in RRC Connection Setup Complete message

Similarly to eLTE, when the UE has no 5G-S-TMSI, information to allow the eNB to select an AMF is needed.
Core network selection is covered by key issue 15, solution 45 “Core Network Type and Node Selection for CIoT UE Using Explicit Indications” in TS 23.724 [6]. The selected solution is based on CIoT UE indication instead of S-NSSAIs.

Proposal 8: Introduce new field registeredAMF in RRCConnectionSetupComplete-NB, reusing the IE from LTE.
Proposal 9: Do no introduce field s-NSSAI-list in RRCConnectionSetupComplete-NB.
Proposal 10: Wait for SA2 to decide which CIoT indications need to be reported by the UE for core network selection for both NB-IoT and eMTC.
Similarly to eLTE, following idle mode mobility between EPS and 5GC, the UE needs to indicate whether the GUMMEI/ GUAMI are native or mapped.

Proposal 11: Introduce new fields gummei-Type and guami-Type in RRCConnectionSetupComplete-NB, with similar rules to eLTE.
Same as in eLTE and in EPS, the 5GC-S-TMSI needs to be included in the RRCConnectionSetupComplete-NB for the fallback case of the RRC Connection Resume procedure

Proposal 12: Introduce new field ng-5G-S-TMSI in RRCConnectionSetupComplete-NB, reusing the IE from LTE.
Below is an example of how the ASN.1 could look like:
RRCConnectionSetupComplete-NB-v16xy-IEs ::= SEQUENCE {


registeredAMF-r16



RegisteredAMF-r15



OPTIONAL,


ng-5G-S-TMSI-r15



NG-5G-S-TMSI-r15,


gummei-Type-v16xy



ENUMERATED {mappedFrom5G}

OPTIONAL,


guami-Type-r16




ENUMERATED {native, mapped}

OPTIONAL,


nonCriticalExtension


SEQUENCE {}





OPTIONAL

}

3 Conclusion
In this document, we have made a first analysis of the information needed during connection establishment to 5GC.

We have made the following observations and proposals:
Observation 1: There are enough in legacy RRCConnectionRequest-NB message to have both a 5GC indicator and the full 5G-S-TMSI.

Observation 2: The eNB needs the full 5G S-TMSI in MSG3 to retrieve the UE context from the AMF after MSG3 for the CP solution.

Proposal 1: Include an indication of connection to 5GC in RRCConnectionRequest-NB message.

Proposal 2: Include the full 5GC-S-TMSI in RRCConnectionRequest-NB message.

Observation 3: Creating a new version of RRCConnectionRequest-NB message would allow to have more spare bits for future extensions and have different evolutions for the two CN.

Proposal 3: RAN2 to discuss whether to extend the legacy RRCConnectionRequest-NB-r13-IEs or create a new version RRCConnectionRequest-5GC-NB-r16-IEs.

Proposal 4: Include an indication of connection to 5GC in RRCEarlyDataRequest-NB message.

Proposal 5: Include the full 5GC-S-TMSI in RRCEarlyDataRequest-NB message.

Proposal 6: RAN2 to discuss whether to extend the legacy RRCEarlyDataRequest-NB-r15-IEs or create a new version RRCEarlyDataRequest-5GC-NB-r16-IEs.

Proposal 7: RAN2 to discuss Proposal 4, Proposal 5 and Proposal 6 also for eMTC.
Proposal 8: Introduce new field registeredAMF in RRCConnectionSetupComplete-NB, reusing the IE from LTE.

Proposal 9: Do no introduce field s-NSSAI-list in RRCConnectionSetupComplete-NB.
Proposal 10: Wait for SA2 to decide which CIoT indications need to be reported by the UE for core network selection for both NB-IoT and eMTC. 

Proposal 11: Introduce new fields gummei-Type and guami-Type in RRCConnectionSetupComplete-NB, with similar rules to eLTE.
Proposal 12: Introduce new field ng-5G-S-TMSI in RRCConnectionSetupComplete-NB, reusing the IE from LTE.
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