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1. Background
RAN2 sent LS to SA2 about LTE connectivity to 5G-CN (R2-1706129) during RAN WG2 Meeting #98:
RAN2 has discussed LTE connectivity to 5G-CN and in particular the CN combinations supported by the E-UTRA cell. In RAN2 understanding, if an E-UTRA cell belongs to multiple PLMNs then for each PLMN the E-UTRA cell may be connected to: 

1. EPC only

2. EPC and 5G-CN

3. 5G-CN only

The last scenario would require a mechanism to be defined to prevent legacy UEs (i.e. UEs only supporting EPC-NAS) from accessing the E-UTRA cell, which would require RAN2 to define a mechanism for that. Therefore, RAN2 would like to understand if SA2 considered such a scenario where the E-UTRA cell is connected to 5G-CN only. 

Further, RAN2 also would like to understand if it can be assumed that 5G-CN connectivity is available within the whole PLMN, within the whole TA, or only within the cell?
SA2 has provided following response to RAN2 (S2-175310) after SA2#122 (June 2017):
1. Is it possible that an E-UTRA cell is connected only to 5G-CN (and cannot serve legacy UEs only supporting EPC-NAS)?

[Answer]: According to TS 23.501 "E-UTRA cell" (as part of NG RAN) may connect to both EPC and 5G CN (see clause 5.17.1 for description) or only 5G CN in Rel-15. If the "E-UTRA cell" connects only to 5G Core it can only serve UEs that support only 5GC NAS .Hence mechanisms need to be discussed in RAN2 that will prevent "legacy" UEs that support only EPC NAS procedures from camping on this cell as either acceptable  or a suitable cell. As stated by RAN2, SA2 agree that each sharing PLMN can independently choose whether or not to use 5G CN or EPC.
2. Can it be assumed that 5G-CN connectivity is available within the whole PLMN, within the whole TA, or only within the cell?

[Answer]: As per TS 23.501 clause 5.17.1 it is assumed that the RAN provides homogeneous support across the TA (and that the AMF/MME allocates the UE with a TAI list that provides contiguous support for that core network). 

To avoid frequent CN reselections it is expected that any eNB-provided SIB indicator for supporting access to 5GC/EPC be "homogeneously" set within each TA. 

2. Discussion

It is possible now or in the future that an operator migrates all E-UTRA cells to connect to 5GCN. In that case, legacy UEs that only support "EPC NAS" procedures cannot camp on such cell and receive service. Additionally, given that in such scenario the CN will not support "EPC NAS procedures" (i.e. there is no MME) we cannot rely on NAS rejection cause. 

Therefore, the SIB configuration need to be defined in such a way that will disallow legacy UEs to camp on such cell. This paper will provide various AS mechanisms and proposals about how to prevent legacy LTE UEs camping on eLTE E-UTRAN cells that provide connectivity to only 5GCN or some PLMNs that provide access to only 5GCN.  

Until Rel-14, E-UTRAN provides connectivity to only EPC Core and is referred as legacy LTE System in this document. In Rel-15, eLTE E-UTRAN Network will be enhanced to provide connectivity to 1) EPC & 5GCN  2) EPC Only 3) 5GCN only. 
Observation 1. Legacy LTE UEs will support only EPC NAS and eLTE capable UEs will support 1) EPC NAS & 5GCN NAS or 2) 5GCN NAS only.

Observation 2. Legacy LTE Systems allows service for both legacy LTE UEs and New eLTE UEs capable of both EPC NAS & 5GCN NAS.

eLTE EUTRAN will broadcast multiple PLMNs in SIB1 (RAN Sharing across multiple PLMNs).  For each PLMN, eLTE eNB SIB1 has to indicate type of core network connectivity support. This allows UEs to determine what type of core network is supported for each PLMN and accordingly UEs can decide whether to select a particular PLMN or not. If a particular PLMN is selected by eLTE UE, it can decide which core network to use for that PLMN based on UE supported NAS procedures
Proposal 1.       For each PLMN, eLTE SIBs shall indicate whether eLTE E-UTRAN is connected to 5GCN only or 5GCN + EPC or EPC only. 
When legacy UE with EPC NAS camps on eLTE cells with EPC + 5GCN connectivity, legacy UE will get service from EPC Core Network. 
Observation 3. When eLTE UE camps on eLTE EUTRAN, it provides an Indication to  eLTE for a Core Network Service. Based on eLTE UE Request, eLTE EUTRAN provides connectivity to requested Core Network for request PLMN. 
Following are various PLMN level Core Network Connectivity Options that can be supported by LTE & eLTE E-UTRAN Networks. 
Case 1:
LTE Cell supporting only EPC PLMNs: This is legacy LTE Option
Case 2:
eLTE Cell supporting all PLMNs as EPC and 5GCN 
Case 3: eLTE Cell supporting all PLMNs as EPC and some PLMNs as 5GCN 
Case 4:
eLTE Cell supporting some PLMNs as EPC + 5GCN and other PLMNs as 5GCN only
Case 5:
eLTE Cells supporting only 5GCN connected PLMNs
Case 6:
eLTE Cell supporting some PLMNs as EPC only and other PLMNs as 5GCN only 
In the following sub-sections, we discuss different deployment scenarios.
2.1. Case 1: LTE Cells support only EPC for all PLMNs:     

This is legacy LTE Option. Legacy LTE UEs with EPC NAS will get service from 4G EPC Core Network.
2.2. Case 2: eLTE Cells supporting all PLMNs as EPC and 5GCN:
In this scenario, each PLMN 5GCN Connectivity is indicated through IEs in SIBs.  Legacy LTE UEs will get service from PLMNs connected to EPC and eLTE UEs will get service from 5GCN connected PLMNs.
2.3. Case 3: eLTE Cells supporting all PLMNs as EPC and some PLMNs as 5GCN:
Legacy LTE UEs will get service from PLMNs connected to EPC. In order to indicate type of core network connectivity supported per PLMN, Access Stratum SIB mechanism needed to Indicate per PLMN level type of Core Network Connectivity Support.
Proposal 2.      eLTE eNB SIB1 PLMNs that support connectivity to both EPC and 5GCN shall indicate through specific per PLMN New IEs, e.g., SupportedCoreConnectivity = 5GCN & EPC.

SIB1 PLMN Format: PLMN-Identity Info: = {PLMN-Identity, cellReservedForOperatorUse = ENUMERATED {reserved, notReserved}, cellReservedForOperatorUse-5GC = ENUMERATED {5GCNreserved, 5GCNnotreserved} SupportedCoreConnectivity = ENUM {EPC only, 5GCN only, EPC & 5GCN}}  
For EPC Only Connected PLMNs, there is no need of specific IEs for legacy UEs and by default it is providing connectivity to EPC Core Only (same as legacy LTE E-UTRAN). Optionally EPC Only connectivity can also be specified per PLMN for eLTE UEs.
Observation 4. When eLTE UE detects a PLMN that has support for both 5GCN & EPC Connectivity, 5G NAS UE selects 5GCN and indicates to eLTE eNB to request connectivity to 5GCN through AS Indication.
2.4. Case 4: eLTE Cells supporting some PLMNs as EPC + 5GCN and other PLMNs as 5GCN Only: 
In this scenario, Legacy UEs camping on eLTE cells will not get service from PLMNs with 5GCN only Connectivity and requires mechanism to prevent legacy LTE UEs from accessing 5GCN Only connected PLMNs.
Proposal 3.      configure PLMNs that support 5GCN only connectivity in separate new PLMNs list. So, that only R15 eLTE UEs can read new PLMN list and legacy UEs will not read this new PLMN list and ignores them.

For legacy LTE UEs, configure eLTE eNB SIB1 “cellBarred IE = Not barred”.  This allows legacy LTE UEs to camp on eLTE Cells.
Example PLMN Configuration:   
PLMN-Identity Info: = SEQUENCE {
PLMN-Identity1, cellReservedForOperatorUse = notReserved, SupportedCoreConnectivity = 5GCN & EPC


PLMN-Identity2, cellReservedForOperatorUse = notReserved, SupportedCoreConnectivity = 5GCN & EPC}
PLMN1 and PLMN2 are decoded by both Legacy UEs & eLTE UEs, which support connection to both EPC & 5GCN. Legacy UEs will get connected to EPC Core and eLTE UEs will get connected to 5GCN.
PLMN-Identity Info_ext :: = SEQUENCE {

PLMN-Identity3, cellReservedForOperatorUse = notReserved, SupportedCoreConnectivity = 5GCN only, 
PLMN-Identity4, cellReservedForOperatorUse = notReserved, SupportedCoreConnectivity = 5GCN only} 

PLMN3 and PLMN4 can only be decoded by eLTE UEs, which support connection to 5GCN Only and legacy UEs will ignore these 5GCN Only Connected PLMNs.
New 5GCN Only PLMN Format: PLMN-IdentityInfo_Ext: = {PLMN-Identity, cellReservedForOperatorUse = ENUMERATED {5GCN_reserved,5GCN_not_reserved}, SupportedCoreConnectivity = 5GCN only} 

2.5. Case 5: eLTE Cells supporting only 5GCN Connected PLMNs:
In this scenario, legacy UEs camping on eLTE will not get service from PLMNs with 5GCN Connectivity and it requires mechanism to prevent legacy UEs from camping on eLTE Cells connected to 5GCN only.
Observation 5.  When cell status "barred" is indicated, The UE is not permitted to select/reselect this cell, not even for emergency calls.
RAN2 Agreement during RAN2#99 : For the case that all the PLMNs only have access to 5GC then UEs capable only of EPC-NAS can be barred using cellBarred flag in SIB1 which the 5GC-NAS capable UEs ignore. To provide the current cell barring flag functionality to 5GC-NAS capable UEs, a corresponding new flag is introduced for those UEs (e.g. “cellBarred-5GC”).
For Legacy UEs, Set eLTE SIB1 “cellBarred IE = barred” (Applicable for legacy UEs) on eLTE eNB : In case of multiple PLMNs indicated in SIB1, this field is common for all PLMNs and this prevents legacy UEs from camping on eLTE Cells .
For eLTE UEs , define New IE “cellBarred_ext IE = {barred, not barred} ”  on eLTE eNB: When eLTE UEs camping on eLTE Cells, they use only New IE and ignores old “cellBarred IE”. 
Observation 6. Both Legacy UEs and eLTE UEs can continue to use legacy Access classes (AC: 0 to 15). There is no need to introduce new Access Class numbers for eLTE UEs and this does not have any Impact on USIM as well.

Proposal 4. Specify all PLMNs connected to 5GCN only like in legacy E-UTRAN and “Indicate 5GCN Connectivity per PLMN basis for eLTE UEs”. This allows 5GCN New UEs to select these 5GCN PLMNs for 5GCN Connectivity. 

    Note: When all PLMNs are 5GCN Only Connected, there is no need to use New PLMN format for eLTE UEs (like proposal 3 mentioned above)
PLMN Format to Indicate 5GCN Connectivity per PLMN basis for eLTE UEs.
PLMN-Identity Info: = { PLMN-Identity, cellReservedForOperatorUse = ENUMERATED {reserved, notReserved}, cellReservedForOperatorUse-5GC = ENUMERATED {5GCNreserved,5GCNnotreserved},  SupportedCoreConnectivity = ENUM {EPC only, 5GCN only, EPC & 5GCN}}  
For Legacy UEs, which use Access Classes AC 0-15, Set eLTE SIB1 “cellBarred IE = barred” (Applicable for legacy UEs) on eLTE eNB:  
· In case of multiple PLMNs indicated in SIB1, this field is common for all PLMNs and this prevents legacy UEs from camping on eLTE Cells
· This mechanism prevents legacy UEs camping on this eLTE Cells.
2.6. Case 6: eLTE Cell supports some PLMNs as EPC and other PLMNs as 5GCN Only:

Legacy UEs camping on eLTE cells will not get service from PLMNs with 5GCN Only Connectivity and we need mechanism to prevent legacy UEs from accessing 5GCN Only connected PLMNs.

For this case, we propose solutions similar to Case 4 discussed above.

Proposal 5. Adopt Proposal 3 solution for the case of eLTE Cell supporting some PLMNs as EPC and other PLMNs as 5GCN only.  

3. Conclusion
In this contribution, we discussed various mechanisms and proposals to prevent legacy LTE UEs camping on eLTE Cells and PLMNs that does not provide connectivity to EPC Core Network:
Observation 1.
Legacy LTE UEs will support only EPC NAS and eLTE capable UEs will support 1) EPC NAS & 5GCN NAS or 2) 5GCN NAS only
.Observation 2.
Legacy LTE Systems allows service for both legacy LTE UEs and New eLTE UEs capable of both EPC NAS & 5GCN NAS. 

Observation 3.
When eLTE UE camps on eLTE EUTRAN, it provides an Indication to  eLTE for a Core Network Service. Based on eLTE UE Request, eLTE EUTRAN provides connectivity to requested Core Network for request PLMN. 

Observation 4.
When eLTE UE detects a PLMN that has support for both 5GCN & EPC Connectivity, 5G NAS UE selects 5GCN and indicates to eLTE eNB to request connectivity to 5GCN through AS Indication. 

Observation 5.
When cell status "barred" is indicated, The UE is not permitted to select/reselect this cell, not even for emergency calls. 

Observation 6.
Both Legacy UEs and eLTE UEs can continue to use legacy Access classes (AC: 0 to 15). There is no need to introduce new Access Class numbers for eLTE UEs and this does not have any Impact on USIM as well.

Proposal 1.
For each PLMN, eLTE SIBs shall indicate whether eLTE E-UTRAN is connected to 5GCN only or 5GCN + EPC or EPC only.

eLTE Cells supporting all PLMNs as EPC and some PLMNs as 5GCN :

Proposal 2.
eLTE eNB SIB1 PLMNs that support connectivity to both EPC and 5GCN shall indicate through specific per PLMN New IEs, e.g., SupportedCoreConnectivity = 5GCN & EPC.

eLTE Cells supporting some PLMNs as EPC + 5GCN and other PLMNs as 5GCN Only :
Proposal 3.
configure PLMNs that support 5GCN only connectivity in separate new PLMNs list. So, that only R15 eLTE UEs can read new PLMN list and legacy UEs will not read this new PLMN list and ignores them.

eLTE Cells supporting only 5GCN Connected PLMNs :

          RAN2 Agreement during RAN2#99 : For the case that all the PLMNs only have access to 5GC then UEs capable only of EPC-NAS can be barred using cellBarred flag in SIB1 which the 5GC-NAS capable UEs ignore. To provide the current cell barring flag functionality to 5GC-NAS capable UEs, a corresponding new flag is introduced for those UEs (e.g. “cellBarred-5GC”).
Proposal 4.
Specify all PLMNs connected to 5GCN only like in legacy E-UTRAN and “Indicate 5GCN Connectivity per PLMN basis for eLTE UEs”. This allows 5GCN New UEs to select these 5GCN PLMNs for 5GCN Connectivity.


 eLTE Cell supports some PLMNs as EPC and other PLMNs as 5GCN Only :
Proposal 5.       Adopt Proposal 3 solution for the case of eLTE Cell supporting some PLMNs as EPC and other PLMNs as 5GCN only.  
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