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Abstract: this paper is to propose partial conclusion of key issue #3.
1. Introduction/Discussion
Based on the polling in S2-2210687, it is proposed to remove option 1 for support of limited AoS slices not matching deployed TAs, remove option 1,2,3 for improved support of temporary network slices. 

Regarding the option of reusing URSP rule for support of limited AoS slices not matching deployed TAs, actually the Route Selection Validation Criteria only implies that the RSD is valid when Route Selection Validation Criteria is met. It does not implies that the slice is valid in the Time Window and Location Criteria. This means the slice could be valid but the RSD is not valid during the time and the location. Therefore it cannot be used to indicate the slice validation.
In addition, based on existing specification, the URSP re-evaluation only cause the UE to re-establish a different PDU session if the original RSD associated with the PDU session is no valid. It does not cause the UE to release the old PDU Session. 
It is proposed to introduce a different IE to send the slice validity policy in the UE.

Regarding the notification from UDM
The graceful and gradual termination is for the whole network slice i.e. it is not efficient to set the trigger in the UDM. If the subscribed S-NSSAI is removed from the UDM, current mechanism can be re-used to release the PDU session which is not valid, and the AMF can based on policy to graceful and gradual terminate the PDU sessions. Therefore it is proposed not to introduce UDM notification about the slice graceful/gradual termination.

What is the S-NSSAI availability policy is further clarified. The location can be cell identities list, RAN node identities list or TAI list. The AMF may receive the S-NSSAI availability policy together with the configured NSSAI from NSSF, and the availability validity policy is sent to the UE in the Configured NSSAI.

The evaluation part is still missing. The proposed text is mainly copied from S2-2208802r07 with small clean-ups and updates. 
2. Text Proposal
Based on the analysis above, it is proposed to capture the following changes vs. TR 23.700-41 110.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc117491371]7.3	Evaluation for KI#3
Solutions related to the improved support of limited AoS not matching deployed TAs:
Solution 9 proposes that the limited AoS slices may be based on the configuration of additional secondary TAIs in addition to the existing Primary TAIs. The secondary TA changes the meaning of TA in relation to how Mobility Management works today. This, and other UE impacting solutions, is to cover use cases where the UE population can be controlled easily (IIoT, Enterprise...) and requires system support including the UE. This requires RAN2/3 to agree defining this concept as outlined in the solution in detail. The clear advantage of this solution is that the concept of homogenous support of a slice in a TAI is kept so the system level impact and the overall system level operation and logic is retained at TAI level. In addition, since the Primary TAIs are retained with no change, the rest of the UEs (using slices with AoS matching existing TAs) configuration and operation remain not impacted. There is a RAN impact that is subject to RAN evaluation. The impact on OAM of the RAN is to add the "secondary TA" attribute to the TACs that are broadcast as secondary TACs in a cell. The level of impacts to mobility is unclear. The solution increases considerably the size of the messages at the NG-RAN interfaces.
Solution 11 bases the limited-service area support on the awareness of slice support at cell level in the system. This requires RAN3 (assuming the AMF/NSSF still learns from RAN the cell supporting a S-NSSAI) impact and also there are potential issues with the support in idle mode that are not resolved (i.e. paging all over the TA or not? if not how?). Additionally, the feature interaction with features that operate at TA level like the NSAG support need to be investigated as for now the support of NSAGs is per TA and not per cell. This requires further study for the aspects of solution 11 related to this KI. 
Solution 21 uses the validity rules of URSP to indicate only some area can support the service.
Solution 23: Supports inclusion of conditional slices in Registration Area Accept response to the UE. This solution is similar to solution 11 when cell level granularity is assumed, but it does not describe how services not meeting the existing TAs boundaries are solved in its granularity per TA flavour.
Solution 26: proposes to use the existing per cell RRM Policy Ratio logic such that cells outside the wanted service area are given only shared/limited or no resources for the concerned network slice, while slice support is maintained on a per TA level. This enables the KPIs to be met while the UE is within the defined service area while when the UE is outside the defined service area while still within the TA supporting the S-NSSAI the S-NSSAI is supported but with reduced capabilities and that also enables the possibility to steer the UE back to the defined service area as soon as possible with using existing mechanisms. The solution enables the users to get the requested services and KPIs as per defined SLA, and efficiently get back to service if the UE temporary needs to access a cell outside of the area. The solution does allow the UE to access cells also outside the defined service area if there are resources i.e. it does not prohibit a complete access to the cell. Seems to not require reconfiguration of TAs nor cell level granularity awareness in the system. Awareness in the UE, AMF is missing on that there are no or limited resources for the slice in certain cells and this is just an access stratum concept not visible outside the access stratum, unless combined with other functionality. The SLA is complied to as cells given no or limited resources are not part of area where the vertical declared the service. Charging are applied as usual on a per QoS level. OAM is used to configure the cells as per existing specifications. As neither the UE nor the CN are aware of where the Slice is given less resources within a supported TA, the solution can be combined with UE and/or CN awareness such as URSP or AM/SM policies. If zero resources are configured for the slice in a cell, then NG-RAN will not setup UP/DRB and also such information is taken into account at mobility.  At paging, the UE replies to the page and if the UE is in a cell where there is no resources for the slice then UP is not established. Noting that the RAN uses existing means to impact mobility, if a cell with resources are available.
NOTE:	Not explicitly stated in the solution, but Resource Status Reporting procedure over Xn allows NG-RAN nodes to share resource availability of network slices per cell, i.e. cells where no slice availability has been configured will show low or no available resources that also is taken into account at mobility

Solution 29 is mainly oriented to KI#5 but it potentially with clarifications/changes supports solutions like Solution 9 where additional smaller secondary TA are deployed as it can allow these to be more flexibly added to the RA. Major impacts to the system to apply some common synchronized logic of whether UP is activated based on the cell, i.e. not a robust solution as well as the solution requires logic to be applied also if S-NSSAI availability is strictly not supported.
Solution 44 proposes to apply per S-NSSAI SAR, this impacts the UDM of HPLMN, the RAN of serving PLMN and the UE which all have to support this approach and in case of roaming the roaming partners have to cooperate to make this work by upgrading their UDM (i.e. the HPLMN UDM must support the new feature even if the issue is just in the VPLMN, but it is natural to have HPLMN influence any restrictions).
Solution 45 assumes the RAN is configured fit cells in TAs outside the AoS of a S-NSSAI as belonging to a CSAN (constrained service area) where the SLA is not met in the TA. This then results in a differentiated handling of UEs inside and outside the CSAN in the TA. there is no awareness in the UE and CN about the CSAN so this can result in the UE and CN behaving as if the network slice is supported inside the whole TA. Same evaluation considerations apply as for solution 26 and in fact this solution is logically the same as solution 26.

Solutions related to the support of temporary network slices:
Solution 24 proposes to associate a "timing information" allowing per S-NSSAI and per any associated limited time TAs to indicate a start and end time and also a periodicity. it is then proposed that the slices that are associated with time info are released from allowed NSSAI with their PDU sessions at the indicated time silently (i.e. without additional signalling needed) in the system and the UE as applicable (in roaming case only the UE and the used SMF/UPF in HPLMN are impacted if the slices are not actually terminated in the VPLMN network). in addition, this also triggers PDU session level indication of timing, so the sessions are silently released in SMF/UPF without signalling. The advantage of this solution is that the timing info causes the network and UE status to update without additional signalling and also to optionally support retention of contexts during the down time if so desired by indicating a periodicity (if the context needs not retention the period is NOT indicated). By specifying a time information, the UE can also know when the slice will be terminated and this solution can therefore be used to gracefully indicate to users this ahead of time so users of the slices connectivity can adapt if needed, and the URSPs may select a lower priority RSD for the connectivity if available in other slices in order to continue the application in other connection smoothly). Main intention seems to be to make the timing information available in all applicable NFs such that the use of the network slice is synchronized without any signalling between when slice is allowed to be used and when it is not. It is not clear as to how the SMF can restore a PDU session and over what slice, and how NG-RAN can trigger modification of a PDU Session.
Along the same lines we have the solution 10 that indicates network slices timing information, but this does not remove the need to update sessions with explicit signalling despite the timing information was known in advance. Also, this is driven by UDM or NSSF but there is no signalling instructing the RAN or the RAN itself cannot be the root cause of a slice termination if some slice support is time based in the RAN. So, it is a solution that is a subset of solution 24 and omits local status update based on the timing information at the impacted system entities.
Solution 11: This solution proposes new temporary slices to be supported conditionally based on timing information conditions. The solution has not described RAN impacts nor how the timing information is acquired in the AMF.

Solution 21 uses the validity rules of URSP to indicate when some connections of a slice are no longer available. There is no need for the UE to continuously evaluate these conditions as the UE can in the same way as if the UE gets the validity information in other signalling the UE can determine to do a re-evaluation as per the Route Selection Validation Criteria.
There are also cases where a slice is only available at certain times (e.g., a periodic lifetime). Only Solutions #11, #21, #22 and #24 cover this scenario.  In Solution #24, the PDU Sessions of periodic slices can be retained when the slice is not available and restored when it becomes available again. The 5G System already takes a similar approach to LADN PDU Sessions in the sense that a PDU Session’s context can be maintained while the UE is outside of the LADN Service area.

Solutions related to the support of how to gracefully terminate sessions:
Solution 8 provides a mechanism to trigger AMF (either via OAM to UDM and then to AMF or via OAM to AMF directly) to terminate PDU Sessions associated with the S-NSSAI subject to be terminate. An order of termination of PDU sessions and specific timing to terminate PDU Sessions are subject to operator’s policy. Solution 8 considers that the emergency calls should be the last to be terminated and may delay the removal of the slice. Descriptions on which PDU Sessions to be dropped in which order, can be part of some operational guideline but not to be standardized as a specific solution for this KI. However, the trigger for the AMF to start releasing PDU Session and how AMF is aware of active/inactive PDU Session, can be considered for signalling impact. 
Solution 22 is similar to solution 21 but applies to graceful termination only. There is no need for the UE to continuously evaluate these conditions as the UE can in the same way as if the UE gets the validity information in other signalling the UE can determine to do a re-evaluation as per the Route Selection Validation Criteria.

* * * * Next change * * * *

8.3	Conclusions for KI#3
Editor's note:	These are interim conclusions.
For support of limited AoS slices not matching deployed TAs it is proposed that:
Option1: secondary TAs per cell based solution
-	If the access to the network slice can be limited to only supporting devices (i.e. the slice customer can control the UE population): to retain the same behaviour as in current system (homogenous support in TA) a new feature is introduced in the system to handle secondary TAs for supporting UEs and networks.
Editor's note:	The above bullet is FFS and subject of feedback from RAN WGs.
Option 2: reuse existing URSP rules with per cell level granularity
-	Clarify that URSP rules allows a per cell level granularity that the UE is required to validate before using a URSP including an S-NSSAI, and also that the UE to apply the Route Selection Validation Criteria also for already established PDU Sessions and their traffic. This would then ensure cell level granularity of service availability without any protocol impacts, unless URSP rules is to be explicitly enhanced with new indication that the UE is to apply the Route Selection Validation Criteria also for already established PDU Sessions and their traffic. If the UE does not support enhancement of URSP to apply the Route Selection Validation Criteria also for already established PDU Sessions and their traffic, SM policies are enhanced to release the PDU Sessions for the concerned S-NSSAI when the UE moves out of the AoS.
NOTE:	How the handover can be optimized to prevent the UE from leaving the slice service area (or entering into the slice service area) will be considered during normative phase based on RAN WG feedback. 
Option 3: reconfiguration of TAs
-	Reconfiguration of TAs to keep the end-to-end significance of slice unchanged, but an operator configures the cells of a TA that are outside AoS to have no or limited resources using existing NG-RAN OAM configuration. The solution can be combined with a mechanism that limited the SM signaling for slices when the UE is outside the AoS e.g, Option 2.
Option 4: AMF is configured with S-NSSAI availability policies that the AMF sends to the UE. The AMF may receive the S-NSSAI availability policy together with the configured NSSAI from NSSF. Availability validity can be time and location. The location can be cell identities list, RAN node identities list or TAI list. The UE uses the policies and when the availability are not valid, the UE considers the S-NSSAI to be 1) not registered or 2) registered while no UP are allowed to be activated based on information in the received policy. The availability validity policy is sent to the UE in the Configured NSSAI.

NOTE: 	Option 3 are already supported by current specifications
Editor's note:	It is FFS which option(s) are adopted for normative work (option 3 is already supported by current specifications).
[bookmark: _Hlk116474742]For improved support of temporary network slices:
Option 1: Sending “Timing Information” about the configured/allowed slices to the UE
-	“Timing Information” as described in Solution #24 can be used to track the start time, end time, and periodicity of the availability of the network slice, including any related temporary TA. A solution will be standardized that enabled the UE to be updated with timing information related to the availability of the configured/allowed slices. It is proposed to specify that the UE can be updated with timing information about the configured/allowed slices and this same timing information can also be provided from the RAN to the AMF when the serving PLMN RAN is configured with the timing information. The timing information can be associated to TAs, S-NSSAIs for temporary slices that also require deployment/support of temporary TAs. If the termination of a network slice is HPLMN initiated, then this information is passed to UE and RAN UE context in addition to AMF and SMF. If both VPLMN and HPLMN timing information applies the most constraining timing determines a slice availability. 
-	When the timer associated with a S-NSSAI expires, then the UE and network removes the S-NSSAI locally from the allowed NSSAI if the S-NSSAI present in the allowed NSSAI.
-	When a slice is periodically available/unavailable, the principles of Solution #24 can be followed so that the associated PDU session can be retained and restored.
-	The UE sends capability that it supports timing information to the network. The network provides timing information to the supported UE.
Option 2: URSP rule is enhanced with indication to request the UE to re-evaluation the URSP rules.
-	For timing restriction of the use of a network slice, URSP rules are enhanced with the requirement for the UE to re-evaluate the URSP rules periodically as per a standardized value or according to a value indicated by the PCF, and for the UE to apply the Route Selection Validation Criteria also for already established PDU Sessions and their traffic. As to enable enforcement in the network, the SMF enforces the UP of PDU Sessions and deactivates the UP according to the timing information that the SMF receives from PCF as part of the SM Policy. 
Option 3: reusing existing URSP rule
-	The PCF should generate URSP based on Temporary network slices related information stored in the UDR. UE can be aware of the validity timer of the slice or applicable area of the service in the validation criteria in URSP and manage the PDU Sessions for the related S-NSSAI accordingly based on the current design as described in TS 23.503 [12], clause 6.6.2.3.
Option 4:	AMF is configured with S-NSSAI availability policies that the AMF sends to the UE. The AMF may receive the S-NSSAI availability policy together with the configured NSSAI from NSSF. Availability validity can be time and location. The UE uses the policies nd when the availability are not valid, the UE considers the S-NSSAI to be 1) not registered or 2) registered while no UP are allowed to be activated based on information in the received policy. The availability validity policy is sent to the UE in the Configured NSSAI.

Editor's note:	It is FFS which option are adopted for normative work.
NOTE:	Temporary network slices does not mean that the network slices are decomissions and created as per the timing information, but the network slices are not meant to be available for use by the UE.
For the graceful and gradual termination aspect:
Option 1:
-	For decomission of a network slice, OAM and and NF implementation (e.g. by updating URSP rules and to deregister not used S-NSSAIs) can handle the functionality without further standardization. Whether OAM provides timing information to an NF as to allow the NF to apply a change of resource utilization in advance, e.g. a time for how long time a Shutting Down state is to be valid, would be up to SA5.
-	UE can be aware of the validity timer of the slice or applicable area of the service in the validation criteria in existing URSP and release the PDU Sessions for the related S-NSSAI gracefully based on the current design as described in TS 23.503 [12], clause 6.6.2.3.
Option 2:
-	When a slice is decommissioned, the PDU Sessions of the slice should be gracefully (for supporting UEs of the timing information) and gradually released (for no supporting UEs of the timing information). :
-	If the UE supports the timing information indicating time of network slice availability, i.e. the S-NSSAI availability policies, the network may provide the timing information to the UEs so the UE knows in advance when a network slice ceases to be supported. In this case, the UE can take the necessary actions to prepare for the slice not becoming available.
-	In addition, the AMF, for non-supporting UEs and for the case of UE not performing any actions despite of the timing information provided by the network, may be triggered by the OAM to start gradually terminating PDU Session(s) associated with S-NSSAI subject to be terminated. The AMF releases PDU Session(s), associated with the S-NSSAI subject to be terminated, based on operator’s policy available at the AMF. 
Editor's note: whether UDM need to signal anything to AMF is FFS.
Editor's note: the above bullet is FFS and depends on the conclusion of temporary network slices
Editor's note: It is FFS which option are adopted for normative work.
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