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Abstract: This contribution proposes updates to Solution #27 Network slices simultaneous usage incompatibility support of KI#6. 
1. Background
The following updates are proposed in TR23.700-40 v1.0.0
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This solution addresses the below requirements from Key Issue #6: "Constraints on simultaneous use of the network slice":
1)	How to enforce the constraints related to simultaneous usage of Network Slices in the UE and in the network, both in roaming and non-roaming scenarios.
2)	How to ensure that the identified enforcement solution does not negatively impact the network operations of Rel-15 and Rel-16 5GS deployments.
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This solution proposes network slices simultaneous usage incompatibility support by both, the UE and the network. It is based on the following high level assumptions and principles:
-	The incompatibility for simultaneous usage of network slices relates to the User Plane resources of Network Slices;
-	The UDM holds information about subscribed S-NSSAI's incompatibility for simultaneous usage attribute (e.g. 0 - the network slice can be used simultaneously with any network slice, 1 - the network slice can be used simultaneously with any network slice with same SST value, 2 - the network slice can be used simultaneously with any network slice with same SD value, 3 - the network slice cannot be used simultaneously with another network slice). These attributes for subscribed S-NSSAI's incompatibility for simultaneous usage can be provided to the UDM by the operator or they can also be provided and updated by the Service Provider (e.g. AF) by invoking the Nnef_ParameterProvision Service as described in TS 23.502 [6] clause 4.15.6.2;
-	The AMF retrieves the subscribed S-NSSAI's incompatibility for simultaneous usage attribute from the UDM and stores it as part of the UE context in the AMF for the duration of the UE registration with that AMF. At mobility re-registrations, the network slices incompatibility for simultaneous usage attributes are passed to the new AMF with the UE context;
-	If the UE supports the network slices simultaneous usage incompatibility feature, the UE indicates its support for it in the Registration Request message;
-	The AMF provides to the UE the allowed S-NSSAI's simultaneous usage incompatibility attributes in the Registration Accept message or UE Configuration Update message only if the UE has indicated its support for it;

-	The solution does not negatively impact the network operations of Rel-15 and Rel-16 5GS deployments. In Rel-15 and Rel-16 5GS deployment the network does not support the network slice simultaneous usage incompatibility feature so, the network does not provide to the UE network slice simulations usage incompatibility attribute for the allowed S-NSSAI(s), i.e. there is no negative impact to Rel-15 and Rel-16 5GS deployments.
-	The solution allows for light and full modes of incompatibility enforcement:
In light mode the network slice simultaneous usage incompatibility attribute is not provided to the UE. The enforcement for network slice simultaneous usage incompatibility is in the network only (by the AMF) based on the network slice simultaneous usage incompatibility attribute in the subscription information. In light mode the incompatibility enforcement can also work for UEs that do not support the incompatibility feature. In this case an existing reject cause is returned to the UE.
In full mode the network slice simultaneous usage incompatibility attribute is provided to the UE at registration per each allowed network slice. The enforcement for network slice simultaneous usage incompatibility is in both sides, in the network and in the UE.
Note: This is one solution (i.e. not alternatives). If the network (home or visiting) do not provide the incompatibility attribute to the UE, the incompatibility enforcement can be done by the network only which is called light mode of operation. 
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Figure 6.27.3.1-1 - Network slices simultaneous usage incompatibility control by the UE
1)	The UE requests registration with the network and if the UE supports the network slices simultaneous usage incompatibility feature, the UE also includes in the Registrations Request message a network slice incompatibility support indication.
2)	If the AMF supports the network slices simultaneous usage incompatibility feature, the AMF includes the network slices incompatibility support indication to the UDM when retrieving UE's subscription information.
3)	In return, if the AMF indicated a support for network slices simultaneous usage incompatibility, the UDM returns the network slices incompatibility attributes per each subscribed S-NSSAI which can have one of the following values:
0	The network slice can be used simultaneously with any network slice;
1	The network slice can be used simultaneously with any network slice with same SST value;
2	The network slice can be used simultaneously with any network slice with same SD value;
3	The network slice cannot be used simultaneously with another network slice.
4)	If the UDM provided the network slices incompatibility attribute for the subscribed S-NSSAIs, the AMF stores the network slices incompatibility attributes in the UE context.
5)	When confirming the UE registration procedure, if the UE indicated its support for network slices incompatibility in the Registration Request message in step 1, then the AMF can include in the Registration Accept message the network slices incompatibility attribute value (e.g. 0 - the network slice can be used simultaneously with any network slice, 1 - the network slice can be used simultaneously with any network slice with same SST value, 2 - the network slice can be used simultaneously with any network slice with same SD value, 3 - the network slice cannot be used simultaneously with another network slice) per each S-NSSAI from the allowed NSSAI list. The AMF may adjust the value of the incompatibility attribute based on the operator policy or configuration.
6)	The UE behaviour after receiving network slices incompatibility attributes per allowed S-NSSAI - The UE shall not attempt to establish or request user resources establishment for simultaneous PDU sessions on network slices that are identified as incompatible based on the received network slices incompatibility attributes. For example, if the UE has already established a PDU Session(s) on one or more network slices and the UE wants to establish another PDU Sessions on an additional network slice, the UE shall first check for simultaneous usage incompatibility, based on the received network slices incompatibility attributes, between the additional network slice and each of the network slices on which there is an already establish PDU Session and vice-versa. The UE may also check with the URSP rules whether the network slice incompatibility can be avoided by selecting another network slice for the new PDU Session,
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While the network slices simultaneous usage incompatibility supporting UE manages the restrictions for network slices simultaneous usage incompatible at its origin (i.e. by checking for simultaneous usage incompatibility before the UE triggers a PDU session establishment on a new network slice as described in Figure 6.27.3.1-1), it is still needed for the network to be able to control the UE behaviour, i.e. whether the UE respects the network slices simultaneous usage incompatibility attributes. The Figure 6.27.3.2-1 bellow demonstrates the network control for network slices simultaneous usage incompatibility.


Figure 6.27.3.2-1 - Network slices simultaneous usage incompatibility control by the network
1)	There are already established PDU Session(s) on one or more network slices.
2)	The UE triggers a PDU Session Establishment on a new network slice S-NSSAI_X.
3)	The AMF checks for network slice simultaneous usage incompatibility between the S-NSSAI_X and the network slices on which there are already established PDU Session(s). The AMF already holds in the UE context the incompatibility attributes for each allowed for the UE network slices acquired from the UDM during the UE registration or via the UE context transfer from a previous AMF. If (the new network slice S-NSSAI_X is incompatible for simultaneous use with any other network slice on which a PDU Session has already been established) OR (any network slice on which a PDU Session has already been established is incompatible for simultaneous use with the new network slice S-NSSAI_X on which the UE wants to establish a PDU Session), the PDU Session Request on S-NSSAI_X shall be rejected for simultaneous usage incompatibility reason.
	Otherwise, there is no simultaneous usage incompatibility between S-NSSAI_X and the network slices already in use and the procedure continues to step 5.
4)	AMF rejects the PDU Session Establishment Request on S-NSSAI_X. The AMF may include in the PDU Session Establishment Reject message a reject cause for network slice incompatibility. The AMF may also include the list of the network slices with which the rejected network slice (i.e. S-NSSAI_X) is incompatible for simultaneous use and the procedure ends here.
	If the UE received a list of network slices that are incompatible for simultaneous use with the rejected network slice, the UE shall not trigger another PDU Session establishment on the rejected network slice until all PDU Sessions on the reported incompatible network slices are released.
5)	The AMF continues with the PDU Session establishment procedure on S-NSSAI_X according to TS 23.502 [6].
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UE/AMF:
-	Network slice incompatibility indication in the Registration Request message ;
-	Network slice incompatibility attribute per allowed network slice in the Registration Accept and UE Configuration Update message;
-	A new PDU Session rejection cause related to the network slice incompatibility;
-	Logic for network slices simultaneous usage incompatibility check both in the UE  and the AMF.
UDM:
-	Holds network slices simultaneous usage incompatibility attributes per subscribed network slice.
                                      ******* End of the change *******
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