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1   Introduction
SA2 has provided answers to RAN2 questions in LS S2-175310 (R2-1707657) [1] that according to TS 23.501 an "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. SA2 also indicates that RAN2 should define mechanisms to prevent "legacy" UEs that support only EPC NAS procedures from camping on the "E-UTRA cell" connects only to 5G Core as either an acceptable or a suitable cell, since this cell can only serve UEs that support 5GC NAS. 

In this paper, we intend to discuss the feasibility and the solutions for this issue.  
2   Discussion
According to RAN2 LS R2-1706129 and SA2’s response LS S2-175310, it is agreed that each sharing PLMN could independently configure CN connectivity, and it is also expected that any eNB-provided SIB indicator for supporting access to 5GC/EPC be "homogeneously" set within each TA. So it is not feasible to prevent legacy LTE UEs from accessing E-UTRA cell connected to 5GC only in the whole PLMN scope. 
We discuss this issue in three different RAN sharing scenarios: 
Scenario 1: the E-UTRA cell is not shared by PLMNs or with consistent CN connectivity for all sharing PLMNs;

Scenario 2: the E-UTRA cell is shared by multiple PLMNs and for some PLMNs this cell is connected to 5GC only;

Scenario 3: the E-UTRA cell is shared by multiple PLMNs and for some PLMNs this cell is connected to EPC only and for other PLMNs this cell is connected to both EPC and 5GC.
-
Scenario 1: the E-UTRA cell is not shared by PLMNs or with consistent CN connectivity for all sharing PLMNs

In LTE, RAN will broadcast indications of cell status and special reservations for control of cell selection and reselection procedures as following [2],

	Cell status and cell reservations are indicated in the SystemInformationBlockType1 message (or SystemInformationBlockType1-NB message) by means of two fields:

-
cellBarred (IE type: "barred" or "not barred") 
In case of multiple PLMNs indicated in SIB1, this field is common for all PLMNs

-
cellReservedForOperatorUse (IE type: "reserved" or "not reserved") 
In case of multiple PLMNs indicated in SIB1, this field is specified per PLMN.


And the UE behaviours is defined as

	When cell status is indicated as "not barred" and "not reserved" for operator use,

-
All UEs shall treat this cell as candidate during the cell selection and cell reselection procedures.

When cell status is indicated as "not barred" and "reserved" for operator use for any PLMN,

-
UEs assigned to Access Class 11 or 15 operating in their HPLMN/EHPLMN shall treat this cell as candidate during the cell selection and reselection procedures if the field cellReservedForOperatorUse for that PLMN set to “reserved”.

-
UEs assigned to an Access Class in the range of 0 to 9, 12 to 14 shall behave as if the cell status is "barred" in case the cell is "reserved for operator use" for the registered PLMN or the selected PLMN.
NOTE 1:
ACs 11, 15 are only valid for use in the HPLMN/ EHPLMN; ACs 12, 13, 14 are only valid for use in the home country [4].
When cell status "barred" is indicated or to be treated as if the cell status is "barred",

-
The UE is not permitted to select/reselect this cell, not even for emergency calls.
-
…


When legacy LTE UE performs cell selection/reselection, it will read System Information and check the cell status indication, if cell status indication is indicated as "barred" it will not try to camp on this cell. Thus, the cell status indication of "E-UTRA cell" connects only to 5GC could be configured as “barred”, in order to prevent legacy LTE UEs to camp on. Since the field of “cellBarred” is cell specific and is common for all PLMNs, once it is indicated as “barred”, all legacy UEs belonging to all PLMNs will treat this "E-UTRA cell" connects only to 5GC as “barred”. Thus in the scenario where the "E-UTRA cell" connects only to 5GC is not shared by multiple PLMNs, or all the sharing PLMNs have the same configuration of CN connectivity (e.g. 5GC connectivity only) for this cell, this method of using “cellBarred” is workable to prevent legacy LTE UEs to camp on.  Furthermore, we can see that this method is simple and straightforward, so we propose to use this method to prevent legacy LTE UEs to camp on "E-UTRA cell" connects only to 5GC in this scenario.
Proposal 1: For Scenario 1, the cell status of "E-UTRA cell" connects only to 5GC should be configured as “barred”, in order to prevent legacy LTE UEs from camping on this cell.
· Scenario 2: the E-UTRA cell is shared by multiple PLMNs and for some PLMNs this cell is connected to 5GC only
For example there are PLMN1 and PLMN2 sharing the same E-UTRA cell, where PLMN1 decides to provide only EPC connectivity, and PLMN2 decides to provide only 5GC connectivity. We discuss if there is method to prevent legacy LTE UEs belongs to PLMN1 from camping this E-UTRAN cell as below.

As discussed in Scenario 1, the field of “cellBarred” is cell-specific, which is common for all PLMNs. Once it is indicated as “barred” for PLMN1, all legacy UEs belonging to both PLMN1 and PLMN2 will treat this E-UTRA cell as “barred”. Then this method is not workable for this RAN sharing scenario.

According to SA2 LS, it is assumed that 5GC availability is homogeneously within each TA. In LTE, if a PLMN doesn’t want to provide normal service for UEs in a regional area, it could provide UEs a list of "forbidden tracking areas for regional provision of service", e.g. in Attach Reject message. When the UE enters a cell in the TA of which belongs to the forbidden list, the UE can only be camped on the cell for limited service such as emergency calls, and it will try to find another suitable cell in the TA of which is not in the forbidden list. Considering in this RAN sharing scenario, in order to prevent PLMN1’s UEs from camping on this cell, the TA could be configured in the forbidden TA list e.g. in Attach Reject message. However the issue is if a legacy LTE UE belongs to PLMN1 sends the EPC Attach message to RAN, RAN could not route this NAS message to EPC, since PLMN1 does not provide EPC connectivity by this cell. Then, this method is not applicable for this RAN sharing scenario either. Note that there is a similar list of “forbidden tracking areas for roaming”, since its function is also to prevent the UE from camping normally, but for roaming scenario, it is not workable for this RAN sharing scenario either. 
Observation 1: From RAN2’s point of view, there is no mechanism to prevent legacy UEs from camping on an E-UTRA cell as either an acceptable or a suitable cell for the PLMNs which allow to connect to 5GC only.
Proposal 2: If Observation 1 is agreed, RAN2 informs SA2 this situation. 

· Scenario 3: the E-UTRA cell is shared by multiple PLMNs and for some PLMNs this cell is connected to EPC only and for other PLMNs this cell is connected to both EPC and 5GC
In this scenario, we assume there are PLMN1 and PLMN2 sharing the same E-UTRA cell, where PLMN1 decides to connect to EPC only, and PLMN2 decides to connect to 5GC only. There is no requirement to prevent the legacy UE access the E-UTRA cell for part of PLMNs in this scenario. Since legacy UEs in both PLMN1 and PLMN2 could access EPC via this cell, the legacy LTE SIB fields of cellBarred and cellReservedForOperatorUse could operate normally. In order to inform 5G UE that 5GC connectivity is available for PLMN2, RAN could provide a CN indicator in broadcasting message, which could be PLMN independent.
Observation 2: For Scenario 3, the legacy cellBarred and cellReservedForOperatorUse are used as in current LTE.
Furthermore, if an E-UTRA cell has been connected to EPC, there may be still requirement for 5GC operator to test the EPC connectivity for this cell, thus the cell reserved indication could reused for this scenario. 

Proposal 3: The cell reserved indication should be used for operator to test the EPC connectivity of ng-eNB.

If the above proposals are agreed, then it is obvious that "E-UTRA cell" connected only to 5GC should include another set of cell status and cell reservation indications in its System Information, to control the cell selection and reselection procedures of 5GC UE.
Proposal 4: Two sets of cell status and cell reservation indications should be broadcasted by ng-eNB, one applies to the UE only supporting EPC, the other applies to the UEs supporting 5GC.
3   Conclusion
In this paper, we discuss and propose solution to prevent "legacy" UEs that support only EPC NAS procedures from camping on the "E-UTRA cell" connects only to 5GC.
Proposal 1: For Scenario 1, the cell status of "E-UTRA cell" connects only to 5GC should be configured as “barred”, in order to prevent legacy LTE UEs from camping on this cell.
Observation 1: From RAN2’s point of view, there is no mechanism to prevent legacy UEs from camping on an E-UTRA cell as either an acceptable or a suitable cell for the PLMNs which allow to connect to 5GC only.

Proposal 2: If Observation 1 is agreed, RAN2 informs SA2 this situation. 

Observation 2: For Scenario 3, the legacy cellBarred and cellReservedForOperatorUse are used as in current LTE.
Proposal 3: The cell reserved indication should be used for operator to test the EPC connectivity of ng-eNB.

Proposal 4: Two sets of cell status and cell reservation indications should be broadcasted by ng-eNB, one applies to the UE only supporting EPC, the other applies to the UEs supporting 5GC.
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