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Abstract: A solution based on a constrained area of services over network slice with cell granularity is proposed to support area of service not matching existing TAs boundaries.
[bookmark: OLE_LINK12]1. Introduction/Discussion
[bookmark: OLE_LINK36][bookmark: OLE_LINK1][bookmark: OLE_LINK8][bookmark: OLE_LINK6]When deploying a new network slice, some dedicated resources in NG-RAN need to be allocated for the network slice. There are many scenarios in that UEs access the services over the network slice only in a specific area, e.g. a campus, a stadium, or a factory. In order to guarantee the SLA, the operator will allocate dedicated resources or even reserve a specific frequency band for the network slice in the cells belonging to the service area. When the area of services over a new network slice to be deployed does not match the existing deployed TA boundaries, allocating/re-allocating new TA can resolve this issue but will bring much complexity and inefficiency, especially for a network slice with a limited lifetime. A better alternative solution is that no dedicated resources are allocated for the network slice in the cells out of the service area. After successful registration to the network slice, the UE can get Allowed NSSAI including the S-NSSAI of the network slice over which the services accessed by UEs only in a specific area, but the SLA of the network slice will not be guaranteed when the UE is currently in a cell out of the service area. When the UE is in the cell out of the service area, but within the TA, the services over the network slice may be allowed without SLA guarantee,. For example, when the services of the campus over the network slice are only allowed to access through some cells (i.e. the cells covering the campus) in the UE's registration area, the UE will be rejected to establishing PDU Session to access the campus services over the network slice from other cells in the TA. Another example is that live video replays and multiple camera angles are bonus services for the people watching the game in the stadium, while the UE in a cell near the stadium may be allowed to access the above services but without SLA guarantee. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK11]The solution proposed in this paper is to define the Constrained Service Area for Network Slice (CSANS) with cell granularity and configure this information in the RAN. There is no need to allocate dedicated resources for the network slice in the cell(s) belonging to the CSANS. The uniform support of the network slice within a TA is not changed. For the cells both in the CSANS and a TA, the network slice is available but there is no dedicated resources allocated. For the cells within the TA but outside the CSANS (i.e. within the cells belonging to the service area), dedicated resources are allocated for the network slice to guarantee the SLA of the services. It helps to improve the radio resources usage and avoid the complexity of TA reallocation for the network slice with a limited lifetime. When the UE registers to the network with Requested NSSAI including the network slice over which the services relate to the CSANS, the UE gets Allowed NSSAI and RA as existing mechanism. The current registration procedure will not be affected even when the UE is in a cell belonging to the CSANS.
Observation 1: The Constrained Service Area for Network Slice (CSANS) consists of some cells in the UE’s registration area, in which the services related to the user plane will be allowed without SLA guarantee, according to the operator’s policy. The uniform support of the network slice within a TA is not changed. The radio resources usage can be improved by not allocating or reserving dedicated resources for the network slice in the cells belonging to the CSANS.
Observation 2: The current registration procedure will not be affected no matter the UE is in a cell belonging to the CSANS or not. The UE gets Allowed NSSAI and RA after registration as existing mechanism. The CSANS can avoid the complexity and inefficiency of allocating/re-allocating new TA, especially for a network slice with a limited lifetime.
To avoid unnecessary service interruption or experience deterioration, the NG-RAN should prevent the UE with active PDU session related to the S-NSSAI from entering into the CSANS unnecessarily by removing the neighbour cell in the CSANS from the target cell list for handover if the radio quality of any cell out of the CSANS is good enough. 
Observation 3: In order to avoid unnecessary service interruption or experience deterioration, the NG-RAN should optimize handover to prevent the UE from unnecessarily entering into the CSANS.
If the service constriction is enforced in the CSANS according to the operator’s policy, the AMF should be configured with the CSANS as well. When the UE initiates a PDU Session Establishment Request or Service Request with the S-NSSAI in the Registration Area, the NG-RAN forwards the PDU Session Establishment Request or Service Request, together with User Location Information (i.e. Cell Id of the NG-RAN), to the AMF. If the UE’s current serving cell belongs to the CSANS of the S-NSSAI, the Request is denied according to the operator’s policy.
When the network slice is to be terminated, all the cells in the TA supporting the S-NSSAI can be included in the CSANS before removing the configuration and the dedicated resources for the network slice. New PDU sessions of the network slice will not be established anymore, and all the ongoing PDU sessions of the network slice will be kept until they are released gracefully. Finally, the subscribed S-NSSAI can be removed and the Configured NSSAI of the UE can be updated. 
Observation 4: By including all the cells supporting the S-NSSAI in the CSANS locally in the AMF according to the slice termination operation, new PDU sessions of the network slice will not be established anymore, and all the ongoing PDU sessions of the network slice will be kept until they are released gracefully.
Observation 5: All the procedures above have no protocol impact on the UE.
The solution of the CSANS can work compatibly with the UEs from Rel-15, avoid the complexity and inefficiency of allocating/re-allocating new TA for a network slice with a limited lifetime, improve the radio resource usage, and support graceful termination of the network slice. 
Proposal: It is proposed to introduce the Constrained Service Area for Network Slice to be configured in the RAN and optionally configured in the AMF for temporary network slices and Network Slice Area of Service for services not mapping to existing TAs boundaries.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-41 v0.2.0.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc101245058][bookmark: _Toc97266752][bookmark: _Toc97057174][bookmark: _Toc23254040][bookmark: _Toc22214907]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
	Solutions
	Key Issues

	
	KI#1
	KI#2
	KI#3
	KI#4
	KI#5
	KI#6

	Solution #1: Additional S-NSSAI associated with the PDU session
	X
	
	
	
	
	

	Solution #2: Slice Re-mapping Capabilities for Network Slice Service Continuity
	X
	
	
	
	
	

	Solution #3: Support of Network Slice Service continuity using SSC mode 3
	X
	
	
	
	
	

	Solution #4: PDU Session on compatible network slice
	X
	
	
	
	
	

	Solution #5: PDU session handover to a target CN with an alternative S-NSSAI support
	X
	
	
	
	
	

	Solution #6: Extended SoR VPLMN Slice Information transfer to UEs
	
	X
	
	
	
	

	Solution #7: Enabling awareness of Network Slice availability in VPLMNs
	
	X
	
	
	
	

	Solution #8: Gracefully network slice termination
	
	
	X
	
	
	

	Solution #9: Support of a Network Slice with an AoS not matching existing TA boundaries
	
	
	X
	
	
	

	Solution #10: Associating a validity timer with a temporary slice
	
	
	X
	
	
	

	Solution #11: Enabling UEs to Request S-NSSAIs not uniformly available
	
	
	X
	
	X
	

	Solution #12: Solution for Centralized Counting for Multiple Service Areas and 5GS-EPS Interworking
	
	
	
	X
	
	

	Solution #13: Hierarchical NSACF Architecture for Maximum UE/PDU Session number control
	
	
	
	X
	
	

	Solution #14: Maximum Number Distribution in multiple NSACFs
	
	
	
	X
	
	

	Solution #15: Service continuity in case of Network Slice instance overload
	X
	
	
	
	
	

	Solution #16: UE assisted slice based VPLMN prioritization for Extended SoR
	
	X
	
	
	
	

	Solution #17: Slice based VPLMN Selection Policy
	
	X
	
	
	
	

	Solution #18: Sending rejected NSSAI to the UDM to assist the UDM to steer the UE to the PLMN supporting rejected NSSAI
	
	X
	
	
	
	

	Solution #19: configuring the UE with network slice aware preferred PLMNs lists
	
	X
	
	
	
	

	Solution #20: VPLMN Selection following existing SoR information
	
	X
	
	
	
	

	Solution #21: Temporary slice based on URSP
	
	
	X
	
	
	

	Solution #22: Enabling graceful slice termination with support of UE policies
	
	
	X
	
	
	

	Solution #23: UE registration for conditional network slices
	
	
	X
	
	X
	

	Solution #24: On the handling temporary network slices
	
	
	X
	
	
	

	Solution #25: Handling Rejected S-NSSAIs in some TAs of RA
	
	
	
	
	X
	

	Solution #26: Multiple areas and resource partitioning
	
	
	X
	
	X
	

	Solution #27: Exception to the rejected NSSAI handling
	
	
	
	
	X
	

	Solution #28: Support of network slices with TA granularity within a RA
	
	
	
	
	X
	

	Solution #29: On handling S-NSSAIs not supported in certain TAs of a RA during a registration
	
	
	X
	
	X
	

	Solution #30: Rejected S-NSSAI with new cause value
	
	
	
	
	X
	

	Solution #31: Enabling Flexible RAs with Slice Service Area
	
	
	
	
	X
	

	Solution #32: Solution for Network Control for UE Slice Use
	X
	
	
	
	
	X

	Solution #33: Slice-specific implicit deactivation timers
	
	
	
	
	
	X

	Solution #34: On-demand slices
	
	
	
	
	
	X

	Solution #35: Network Slice usage control by the network
	
	
	
	
	
	X

	Solution #36: UE provided reason for registration to S-NSSAI
	
	
	
	
	
	X

	Solution #37: Actual UE Activity-based Slice Admission Control
	
	
	
	
	
	X

	Solution #38: On configuring the UE with UE behaviour policies
	
	
	
	
	
	X

	Solution #39: Serving PLMN steering UE to preferred slice for selection of PDU session
	
	
	
	
	
	X

	Solution #Y: Constrained Service Area for the Network Slice
	
	
	X
	
	
	



* * * * Second change (all texts are new)* * * *
[bookmark: OLE_LINK7]6.Y	Solution #Y: Constrained Service Area for the Network Slice
[bookmark: _Toc97266754][bookmark: _Toc97057176][bookmark: _Toc23254042][bookmark: _Toc22214909][bookmark: _Toc500949099]6.Y.1	Introduction
This solution addresses KI#3: Network Slice Area of Service for services not mapping to existing TAs boundaries, and temporary network slices.
When the area of services over a network slice does not match the existing Tracking Area boundaries, the Constrained Service Area for Network Slice (CSANS) with cell granularity per S-NSSAI is proposed to improve the radio resources usage and avoid the complexity of TA reallocation for the network slice with a limited lifetime. Dedicated resources may not be allocated for the network slice in the cell(s) belonging to the CSANS in which the services related to the user plane are allowed without SLA guarantee, according to the operator’s policy.
6.Y.2	Functional Description
The Constrained Service Area information for the network slice is configured in NG-RAN by the OAM. The Constrained Service Area per S-NSSAI includes the Cell IDs of the cell(s), which belong to the CSANS. The uniform support of the network slice within a TA is not changed. For the cells both in the TA and the CSANS, the network slice is available, but without dedicated resources. For the cells within the TA but outside the CSANS, dedicated resources are allocated for the network slice to guarantee the SLA of the services.
After the network slice with corresponding CSANS is deployed and subscribed by the UE, the UE includes the S-NSSAI in the Requested NSSAI and obtains an Allowed NSSAI including the S-NSSAI after registration procedure, when the UE is in a Tracking Area supporting the S-NSSAI, no matter the UE is currently in a cell belonging to the CSANS or not. To avoid protocol impact on the UE, the CSANS information is not to be sent to the UE.
To avoid unnecessary service interruption or experience deterioration, the NG-RAN should prevent the UE with active PDU session related to the S-NSSAI from entering into the CSANS unnecessarily. 
[bookmark: _Toc500949101][bookmark: _Toc22214910][bookmark: _Toc97266756][bookmark: _Toc97057178][bookmark: _Toc23254043]6.Y.3	Procedures
[bookmark: _Toc68084075][bookmark: _Toc66304513][bookmark: _Toc57131381][bookmark: _Toc54639310][bookmark: _Toc54638428][bookmark: _Toc54637934][bookmark: _Toc50539314][bookmark: _Toc50472994][bookmark: _Toc43483632][bookmark: _Toc43483338][bookmark: _Toc43396941][bookmark: _Toc22214911][bookmark: _Toc510604409][bookmark: _Toc326248711]6.Y.3.1	Configuration of Constrained Service Area information
When the area of services over the network slice does not match the existing deployed TA boundaries, the Constrained Service Area information is configured in the NG-RAN. 
The uniform support of the network slice within a TA is not changed. If in the TA there is any cell not in the area of services over a specific network slice, the NG-RAN is configured with the Constrained Service Area information of the network slice. 
NOTE:	There may be two ways to indicate the Constrained Service Area information: Either using Constrained Service Area per S-NSSAI as a list of cell(s) out of the area of services, or vice visa, using Service Area per S-NSSAI as a list of cell(s) in the area of services. 
6.Y.3.2	UE mobility
When the UE is in a Tracking Area supporting the S-NSSAI, no matter whether the UE is currently in a cell belonging to the CSANS or not, the UE obtains Allowed NSSAI including the S-NSSAI after registration with the Requested NSSAI, which may include the S-NSSAI related to the CSANS. 
In order to avoid unnecessary service interruption or experience deterioration, the handover procedure should be optimized for the PDU session in the network slice related to the CSANS. If the radio quality of any cell out of the CSANS is acceptable, the NG-RAN removes the neighbour cell belonging to the CSANS from the target cell list for handover to prevent the UE with active PDU session related to the S-NSSAI from unnecessarily entering into a cell belonging to the CSANS.
NOTE:	The handover optimization procedure depends on the RAN WG.

[bookmark: _Toc23254044][bookmark: _Toc97266757][bookmark: _Toc97057179][bookmark: _GoBack]6.Y.4	Impacts on services, entities and interfaces
RAN:
-	Prevent the UE from entering into a cell belonging to the CSANS unnecessarily when any PDU session related to the S-NSSAI has an active user plane.
-	Keep the configuration of the Constrained Service Area information.

* * * * End of changes * * * *
3GPP
SA WG2 TD

