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1. Introduction/Discussion
This paper proposes a comprehensive evaluation and conclusions proposal for KI#3.
2. Text Proposal
It is proposed to capture the following changes to TR 23.700-41
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Editor's note:	This clause will provide evaluation of different solutions.
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7.x	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. This, and other UE impacting solutions, is to cover use cases where the UE population can be controlled easily (IIoT, Enterprise...) and requires support in the UE. This requires RAN2/3 to agree defining this concept as outlined in the solution in detail (note: for NTN it is already allowed to support the broadcasting of >1 TAC in a cell per PLMN). The companion solution 29 then helps with UEs that need also to be allowed slices associated with AoS matching the existing TAs, then with the partially rejected or partially Allowed S-NSSAIs approach there is good way to form a RA that is encompassing a mix of Primary and Secondary TAs and optimally support this use case. 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.
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 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 seems to not require reconfiguration of TAs nor cell level granularity awareness in the system. In some cell of TAs the slice may not be supported but the awareness in the UE, AMF is missing and this is just an access stratum concept not visible outside the access stratum. There are charging implication, OAM implication, and SLA monitoring exposure implications to be assessed as neither the UE nor the CN are aware of where the Slice is supported in a TA. In addition, while the subscribers of these slices do not get the expected SLA, some resources of the systems are still potentially engaged if more than zero resources are allotted (if zero resources are allotted is the PDU session to still be retained? how is the scheduling in UL and DL impacted? what is the PDU session status?). This for instance will impact NSAC counting of UEs and PDU sessions. There is also a need to clarify what happens for paging (like for solution 11 but the issue here is that it is not clear whether the UE is paged and relies on and is accepted to progress sessions even outside the AoS or not). It is also not clear what is the impact on admission control for e.g. GBR bearers outside the AoS (i.e. should the UE continue to be served outside the AoS or not even for GBR bearers?). In short, the solution lacks a lot of details that may enable preforming a complete evaluation. In essence the concept of AoS is not really enforced by this solution and leaves many end-to-end issues not solved.
Solution 29 is mainly oriented to KI#5 but it is clear that it optimally 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.
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 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.
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. Charging aspects may need to be assessed and also whether waste of resources can occur when UE or network generate signalling assuming the S-NSSAI is supported (e.g. PDU session related messages for the S-NSSAI or SR for PDU sessions of S-NSSAI). it is also not clear what the PDU session status is in the CSAN. 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). 
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. However, this does not provide any optimization of system behaviour to handle temporary slices and as an additional downside does not impact RM so the slice remains allowed as the validity timers in URSP do not cause impact on S-NSSAI registrations. If, however the slice is removed from Allowed NSSAI e.g. via a UE configuration update, then the S-NSSAI based validity rules are sufficient as this causes the removal of the slice sessions from the updated UEs (but this is then not really a full solution as it only resolves the termination of sessions and not adjustment of the system state to exclude the time based slices from those available). In short this is not a valid candidate solution and actually creates unnecessary features interactions with URSP validity rules that are not linked strictly to slice availability. This is not working in roaming case when the VPLMN slice is temporary as URSPs are home controlled.  In addition "The UE uses the Route Selection Validation Criteria to determine whether or not a PDU Session should be established. The Time Window and Location Criteria are not required to be checked again during the lifetime of the PDU Session.". Hence it is a major change of UE behaviour to continuously evaluate these conditions.
There are also cases where a slice is only available at certain times (e.g., a periodic lifetime). Only Solutions #11 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. The same feature interaction issues apply as in Sol. 21 as the issue is we then need to change the URSP configuration when we just need to change the allowed NSSAI/ configured NSSAI to remove one slice (and this then causes the URSP rules RSDs that use that slice to become invalid, would be impacting the URSPs). In roaming case for VPLMN slices this is not working as URSPs are home controlled. In addition, the fact a validity timer of a RSD stops indicating a slice is valid, this does not per se cause the deregistration of the S-NSSAI so the solution may not provide desirable slice termination in the UE as a UE configuration update from VPLMN seem still be required. in short it is not clear this fully covers the KI and it has roaming support issues. In addition, in TS 23.503 [x] "The UE uses the Route Selection Validation Criteria to determine whether or not a PDU Session should be established. The Time Window and Location Criteria are not required to be checked again during the lifetime of the PDU Session.". Hence it is a major change of UE behaviour to continuously evaluate these conditions.
* * * * next change * * * * 


8.X	Conclusions for Key Issue #3
Editor's note: these are interim conclusions
For support of limited AoS slices not matching deployed TAs it is proposed that:
-	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 subject of LS to RAN WGs.
-	If the access to the network slice cannot be limited to only supporting devices (i.e. the slice customer cannot control the UE population): reconfiguration of TAs is recommended to keep the end-to-end significance of slice unchanged, but an operator could decide to selectively use the resource allocation based on the approach in solution 26/45 (e.g. if NSAC does not apply for the network slice) and if the charging issues identified for Sol 26/45 related to session status in the CSAN (is it so the PDU session is still fully active outside the AoS?) and admission control (NSAC) are resolved. There are also wasted MO and MT attempts to use the slice as both the UE and AMF are not aware in idle mode whether the UE is inside or outside the AoS as the UE does not know the Slice support at cell level, while the RAN and AMF don't know the UE location at cell level
For improved support of temporary network slices:
· “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.
For the graceful and gradual termination aspect:
-	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, 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 UDM or directly via 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.  
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