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Abstract: This contribution proposes a new solution for Key Issue #6 – Handling of constraints on simultaneous use of network slice in TR 23.700-40. 
1. Introduction
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* * * * Start of Changes * * * *
6.0	Mapping Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
	Solution#'s
	Solution Titles
	Key Issue#'s

	1
	PCF measurement based Network Slice SLA control for Maximum Number of UEs parameter
	1

	2
	Max number of UEs per Network Slice control at registration
	1

	3
	AMF/NSSF based counting of UEs in a Network Slice
	1

	4
	NWDAF enhancements for supporting of network slice quota on the maximum number of UEs
	1

	5
	NWDAF enhancements for supporting of network slice quota on the maximum number of PDU Sessions
	2

	6
	PCF-based counting of PDU Sessions in a Network Slice
	2

	7
	Support of Network Slice SLA for Maximum Number of PDU sessions parameter
	2

	8
	AMF and O&M based solution
	1, 2 & 4

	9
	Monitoring multiple quotas of number of UEs/PDU Sessions per S-NSSAI at NWDAF
	1, 2 & 4

	10
	Max number of PDU Sessions per Network Slice control via NSQ function
	2

	11
	Handling maximum number of sessions using NF status
	2

	12
	NSQ assisted dynamic adjustment of data rate per slice via NAS signaling
	5

	13
	Limitation of data rate per network slice in UL and DL per UE
	3

	14
	UE-Slice-AMBR adjustment to meet the limitation of data rate per Network Slice
	5

	15
	Using Back-off timer
	1

	16
	[bookmark: OLE_LINK2]Slice data rate enforcement and dynamic adjustment
	5

	17
	Support of radio spectrum attribute by CN assisted RAN control
	7

	18
	Proactive Slice Quota Management in AMF
	1, 2, 4, 5

	19
	Support of network slice quota control and enforcement
	1, 2 & 5

	20
	Reusing existing QoS model to ensure that to limit the Maximum throughput UL/DL in a Network slice is not exceeded
	3 & 5

	21
	Limitation of data rate per network slice in UL and DL per UE without RAN involvement
	3

	22
	Solution on limitation of data rate per Network Slice in UL and DL per UE
	3

	23
	Network slice quota event notification
	4

	24
	NSQ assisted dynamic adjustment of data rate per slice via user plane adjustment
	5

	25
	Enforcement of MBR UL/DL per S-NSSAI
	5

	26
	Network controlled enforcement of simultaneous usage of network slices based on user preference
	6

	27
	Network slices simultaneous usage incompatibility support
	6

	28
	Constraints on simultaneous use of the network slice
	6

	29
	Providing Operating Band Information in the Configured NSSAI
	7

	30
	Preferred frequency bands in Configured NSSAI
	7

	31
	Steering the UE to a network slice in a different frequency band
	7

	X
	UE handling of constraints on simultaneous use of network slice based on network assistance
	6



* * * * Next Change (all new text) * * * *
6.X	Solution #X: UE handling of constraints on simultaneous use of network slices based on network assistance 
6.X.1	Introduction
One of the attributes in the GST documented in GSMA 5GJA NG.116 [3] is the following:
Simultaneous use of the network slice
This attribute describes whether a network slice can be simultaneously used with other network slices.
	Parameters
	

	Value
	Integer

	Measurement unit
	NA

	
	0:	Can be used with any network slice

	
	1:	Can be used with network slices with same SST value

	Example
	2:	Can be used with any network slice with same SD value

	
	3:	Cannot be used with another network slice

	
	4-15:	Operator defined class

	Tags
	Character attribute / Functional



This solution addresses the Key Issue #6 – Handling of constraints on simultaneous use of network slice. Based on the ‘simultaneous use of network slice’ GST attribute value set for a specific network slice, constraints on simultaneous use of network slices by a UE may be classified into the below sub-categories. For example, if GST attribute ‘Simultaneous use of network slice’ is set to 1 for a specific network slice (i.e. it can be used with network slices with same SST value), then the sub-categories are:
1.	Whether the network slices with same SST value are allowed to be registered simultaneously.
2.	If the network slices with same SST value are allowed to be registered simultaneously, then whether UE and network are allowed to establish PDU sessions associated with more than one registered slice simultaneously.
3.	If the network slices with same SST value are allowed to have simultaneous PDU sessions, then whether the UE and network are allowed to have active user plane resources for the established PDU sessions simultaneously. For example, this may help to achieve operation of network slice isolation in a lightweight manner.
6.X.2	High Level Description
As part of Registration Request, the UE shall indicate "Support for simultaneous slice usage constraints".
As part of Registration Accept, if the UE has indicated "Support for simultaneous slice usage constraints", and if AMF is aware of the slice usage constraints, AMF provides the UE with "Slice compatibility" information for each of the S-NSSAI which are part of the UE’s Configured NSSAI list. "Slice compatibility" information consists of:
1.	List of other S-NSSAIs in the Configured NSSAI list the current S-NSSAI is allowed to simultaneously register with;
2.	List of other S-NSSAIs in the Configured NSSAI list the current S-NSSAI is allowed to have simultaneous PDU sessions with. This shall be a subset of #1 above, i.e. simultaneous establishment of PDU sessions for different network slices are only possible when they are allowed to be registered simultaneously;
3.	List of other S-NSSAIs in the Configured NSSAI list the current S-NSSAI is allowed to have simultaneous active user plane resources for the established PDU sessions with. This shall be a subset of #2 above, i.e. simultaneous active user plane resources for PDU sessions for different network slices are only possible when they are allowed to be established simultaneously.
#1 and #2 are mandatory, while #3 is optional. When #3 is not provided, it shall be assumed that established PDU sessions are allowed to have active user plane resources simultaneously.
An example is provided below:
	A
	B
	C
	D
	E
	F

	Configured NSSAI list
	SST
	SD
	List of S-NSSAIs the current S-NSSAI is allowed to register simultaneously with
	List of S-NSSAIs the current S-NSSAI is allowed to have simultaneous PDU sessions with
	List of S-NSSAIs the current S-NSSAI is allowed to have simultaneous active user plane resources for the established PDU sessions with

	S-NSSAI-A
	eMBB
	1
	S-NSSAI-B, S-NSSAI-C
	S-NSSAI-B
	S-NSSAI-B

	S-NSSAI-B
	eMBB
	2
	S-NSSAI-A, S-NSSAI-C
	S-NSSAI-A
	S-NSSAI-A

	S-NSSAI-C
	eMBB
	3
	S-NSSAI-A, S-NSSAI-B
	Nil
	Nil

	S-NSSAI-D
	URLLC
	4
	Nil
	Nil
	Nil


Figure 6.X.2-1: Example Slice compatibility information provided to the UE 
NOTE: 	It is left to Stage-3 specifications to define the exact format of how the "slice compatibility" information would be provided to the UE to optimize the message size. For example, information above may be reflected as "slice incompatibility" information instead of "slice compatibility" information such that the various configured S-NSSAIs are restricted from being active at the same time based on restrictions in columns D, E and F.
In this example, though S-NSSAI-A, S-NSSAI-B and S-NSSAI-C are allowed to be registered simultaneously (i.e. all three S-NSSAIs may be part of the Allowed NSSAI list received from the network at the same time), the UE is only allowed to simultaneously establish PDU Sessions and have active user plane resources for PDU sessions associated with S-NSSAI-A and S-NSSAI-B. Thus, if UE wishes to establish PDU session for S-NSSAI-C and activate user plane resources, it shall first ensure that PDU sessions associated with S-NSSAI-A and S-NSSAI-B are released or not established simultaneously. 
Also, as seen in this example, the URLLC slice S-NSSAI-D is not allowed to be registered simultaneously with the other configured S-NSSAIs. Thus, if the UE wishes to access S-NSSAI-D, UE shall first initiate a mobility or periodic registration procedure with the network with the Requested NSSAI to include S-NSSAI-D. UE also shall ensure that PDU sessions associated with incompatible slices are either released implicitly and indicated to the network via "PDU Session Status" in Registration Request, or released explicitly via PDU Session Release request. 
Based on the slice compatibility information received by the UE, the UE shall take responsibility of honouring the slice constraints. 
In case the UE requests for incompatible slices in the Registration Request in Requested NSSAI, AMF shall only allow a set of compatible slices as part of the Allowed NSSAI in the Registration Accept. 
NOTE: 	How AMF selects which set of compatible slices to allow to register simultaneously is left to AMF implementation. For example, AMF may choose to allow the largest subset of requested slices which can be allowed to register simultaneously, or, AMF may choose to allow the largest subset of requested slices which includes the first slice in Requested NSSAI list.
Furthermore, AMF may also implement the behaviour as described in solution #27, clause 6.27.3.2 to ensure UE does not violate slice compatibility restrictions related to simultaneous PDU sessions.

6.X.3	Procedures	
The procedures are explained using the example scenario in clause 6.X.2:

6.X.3.1	Initial Registration and PDU Session Establishment Procedure

[image: ]
Figure 6.X.3.1-1: Initial Registration and PDU Session Establishment procedure 
1.	UE initiates initial Registration Request, and includes the support for the capability, "Support for simultaneous slice usage constraints".
2-3: AMF receives the subscribed NSSAI list from UDM.
4.	AMF provides the Subscribed NSSAI list, current PLMN, TAI to the NSSF. If UE has included "Support for simultaneous slice usage constraints", then AMF also provides this information to NSSF.
5.	NSSF provides the list of Configured NSSAI, and the slice compatibility information for each slice in the Configured NSSAI, i.e. contents shown in Figure 6.X.2-1.
6.	AMF stores the slice compatibility information as part of the UE context, and continues with the rest of the registration procedure as described in clause 4.2.2.2 in TS 23.502 [6].
7.	AMF sends Registration Accept to the UE. AMF includes the Configured NSSAI, and the slice compatibility information for each Configured S-NSSAI.
It is possible that the slice compatibility information may be updated after the UE is already registered. In such a case, AMF updates the slice compatibility information at the UE by sending a UE Configuration Update Command.
NOTE: 	If the Configured NSSAI for the UE’s context at AMF has not changed, and if the AMF had previously provided the slice incompatibility information to the UE, AMF need not provide it to the UE during every registration procedure.
8.	Based on the received slice compatibility information, UE shall take a decision on which network slices to request registration as part of Requested NSSAI list. In this example, UE includes S-NSSAI-A, S-NSSAI-B, S-NSSAI-C in the Requested NSSAI list in Registration Request, as these three slices are allowed to be registered simultaneously as per the received slice compatibility information. UE may either trigger an initial registration procedure, or a mobility/periodic registration update at this step.
9. 	AMF proceeds with the registration procedure as described in clause 4.2.2.2 in TS 23.502 [6]. AMF sends Registration Accept to the UE, and includes S-NSSAI-A, S-NSSAI-B, S-NSSAI-C in the list of Allowed NSSAI since they are compatible. Any of these slices may get rejected due to quota unavailability or other reasons.
10. UE takes a decision to establish PDU sessions based on UE policy. Based on the slice compatibility information, UE observes that it may only establish simultaneous PDU sessions for S-NSSAI-A and S-NSSAI-B. Thus, UE proceeds with PDU session establishment procedure for S-NSSAI-A and S-NSSAI-B, but not for S-NSSAI-C.
6.X.3.2	PDU Session Establishment Procedure for an incompatible slice

[image: ]
Figure 6.X.3.2-1: PDU Session Establishment Procedure for an incompatible slice 
1.	This step is same as step 10 in clause 6.X.3.1. At this step, the UE has successfully established PDU sessions for the compatible slices S-NSSAI-A and S-NSSAI-B.
2.	Based on user activity, or UE policy, UE needs to initiate PDU session for S-NSSAI-C. Based on slice compatibility information, UE is aware that PDU session for S-NSSAI-C may not be simultaneously established with PDU sessions associated with S-NSSAI-A, or S-NSSAI-B.
3.	Alt-1: In this alternative, UE shall explicitly release all the incompatible PDU sessions by sending PDU Session Release request. In this example, UE sends two PDU Session Release request (for PDU session associated with S-NSSAI-A, and for PDU session associated with S-NSSAI-B). AMF responds with PDU Session Release command for each PDU session.
Alt-2: In this alternative, UE shall implicitly release the incompatible PDU Sessions. UE initiates either a Service Request or Registration procedure. UE includes "PDU session status" and does not include the PSI corresponding to the PDU sessions associated with S-NSSAI-A and S-NSSAI-B. Based on the indication that PDU sessions are implicitly released at the UE, the network proceeds with releasing the PDU sessions. 
4.	Since incompatible PDU sessions are released, UE initiates PDU Session Establishment for S-NSSAI-C.
5-6: PDU Session Establishment procedure as described in clause 4.3.2.2.1-1 in TS 23.502 [6]. UE receives PDU Session Establishment Accept. At this stage, PDU session with active user plane resources is established for S-NSSAI-C.
6.X.3.3	Registration Procedure for an incompatible slice

[image: ]
Figure 6.X.3.3-1: Registration Procedure for an incompatible slice 
1.	This step is the same as steps 5-6 of clause 6.X.3.2. UE has an active PDU session associated with S-NSSAI-C.
2.	The UE decides to initiate PDU session on S-NSSAI-D, however S-NSSAI-D is not part of the Allowed NSSAI list, and thus a new registration procedure needs to be initiated. However, since S-NSSAI-D is incompatible with S-NSSAI-C, UE first needs to implicitly release PDU sessions associated with S-NSSAI-C.
3.	UE sends Registration Request, it includes S-NSSAI-D as part of the Requested NSSAI list. UE also includes "PDU Session Status" and indicates that PDU session associated with S-NSSAI-C is implicitly released.
4.	UE does not provide the 5G S-TMSI to NG-RAN in RRC Connection setup procedure so NG-RAN may trigger AMF selection based on the S-NSSAI(s) included in the RRC signalling message. 
5-6: AMF proceeds with the registration procedure. If AMF already has the slice compatibility information, it does not need check it again with NSSF.
7.	AMF responds to UE with Registration Accept indicating that S-NSSAI-D is allowed to use. 
6.X.4	Impacts on existing entities and interfaces
UE:
-	indicate support for simultaneous slice usage constraints.
-	ability to interpret and process the received slice compatibility information for the list of configured NSSAIs.
AMF:
- 	include the UE’s capability support for simultaneous slice constraints as part of Nnssf_NSSelection_Get to NSSF.
 - 	able to save the slice compatibility information as part of UE context.
- 	able to allow/reject slices based on slice compatibility information in UE context.
NSSF:
- 	provide the slice compatibility information based on the serving network configuration to the AMF.

6.X.5 	Evaluation
Editor's note:	This clause provides an evaluation of the solution.
* * * * End of Changes * * * *
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