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Abstract: This paper the addresses KI#5 
1. Introduction
This paper addresses the case where it is necessary to optimize the Registration Area for a UE considering its mobility management signaling /paging load tradeoff while still allowing to benefit as soon as possible of the availability of a S-NSSAI not available in a certain TAI of the RA. This solution also looks at option to mitigate the need of further registrations.
2. proposal
It is proposed to capture the following changes vs. TR23.700-41. 
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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 #x, On handling S-NSSAIs not supported in certain TAs of a RA during a registration
	
	
	x
	
	x
	



* * * * 2nd change * * * *
6.x	Solution #X: On handling S-NSSAIs not supported in certain TAs of a RA during a registration
[bookmark: _Toc101245133]6.x.1	Introduction
This solution addresses KI#5. and also benefits KI#3 solutions like solution in clause 6.9 
Editor’s Note: the relationship between the solution in clause 6.9 and this solution is to be documented
It proposes optimizations of the RA formation while taking into account the S-NSSAIs of the requested NSSAI.
[bookmark: _Toc101245134]6.x.2	Functional Description
[bookmark: _Toc101245135]This solution covers the case a UE is registering with a S-NSSAI from a TA where at least one of the S-NSSAIs in the Requested NSSAIs is not supported. In rel-17 the only possible solution to let the Ue attempt to register agains with any such S-NSSAI would be to indicate a RA which only includes the TAIs where allowed S-NSSAIs are supported, but then exclude from the RA any TAIs where at least one of the rejected S-NSSAIs is supported. This however was limiting the RA formation optimality. In Rel-18 we propose to resolve this by proposing that two options can be supported by a network for supporting UEs:
1) the UE is provided with a RA including TAIs where the S-NSSAIs which are not supported in the current TA are also included, but for each rejected S-NSSAI the AMF provides a list of TAIs in the RA where the rejected S-NSSAI is supported (or, alternately, a list of TAIs in the RA where the rejected S-NSSAI is known to be not supported). This allows the UE, when it is camping in a cell of a TAI where the rejected S-NSSAI is known to be supported, to be able to trigger registration with such S-NSSAI if needed. The AMF provides for S-NSSAIs that are rejected in the whole RA the existing cause code ("Not supported in the RA"), and for S-NSSAIs that are rejected in a subset of the RA TAIs a new cause code " Partially Rejected/supported in the RA" or some similar cause code
2) the alternative is that the AMF provides an Allowed NSSAI that is known to be supported in the whole RA (if any) and then one or more "Partially Allowed S-NSSAI in the RA" including for each the Partial RA (subset of the RA) where these are supported. the advantage of this approach is that the UE can avoid further registrations as it moves in the RA among TAIs where the support of the Slices changes. This solution option shows also how the MO/MT transaction in idle mode happen and how the connected mode mobility is supported.
Both options can be supported in the same network as for instance the option 1) is optimal for the case where the AMF does not support both S-NSSAIs indicated in Requested NSSAI (so redirection to a AMF supporting both happens only if the UE lands at some point in a TA supporting both S-NSSAIs and the UE does still request both). Option 2) is more convenient when the AMF supports all the requested S-NSSAIs that it indicates in the Allowed NSSAI and in partially allowed S-NSSAIs. Also, it is possible to combine the two approaches in one procedure (e.g. let's suppose that there is a third S-NSSAI3 that is partially supported in the RA but not in the AMF in case 2), then this third S-NSSAI could be rejected with indication of where this S-NSSAI3 works).
In addition. if a S-NSSAI is subject to NSSAA and the UE is not yet authorised (NSSAA has not already occurred earlier) but not supported in current TA, the AMF behaviour is to indicate it is "Partially rejected in the RA" so NSSAA is executed upon the UE registering in the TA where the S-NSSAI is supported (if the S-NSSAI was partially allowed this means the UE would not cause the triggering of NSSAA).
For slices subject to simultaneous use constraints, the operator can only include in the same registration accept Allowed NSSAI and/or Partially allowed S-NSSAIs which can work together in the same TAIs for all the TAIs where the S-NSSAIs are allowed to be used together simultaneously.
If a S-NSSAI is subject to NSAC, the operator indicates the S-NSSAI not supported in the current TA is "Partially rejected in the RA", so that the counting of Allowed S-NSSAIs is matching exactly what is allowed at any time. Whether it could be desirable to enable operators to also support the behaviour where the Partially allowed S-NSSAIs is counted (so that the additional registration is avoided upon mobility inside the RA) can be further discussed in normative phase.

6.x.3	Procedures
6.x.3.1	Indication to UE of TAIs where the rejected S-NSSAI is supported (or is not supported) in the RA


Figure 6.x.3.1-1: Registration with rejected S-NSSAI with indication of which TA in RA it is supported.
0. 	The UE is camping on a cell in TAI 1 where S-NSSAI1 is supported but not S-NSSAI2
1. 	The UE request S-NSSAI1 and S-NSSAI1 while in TAI 1
2. 	The AMF determines TAI1 does not support S-NSSAI 2 and forms the RA and detects S-NSSAI 2 is supported in TAI2 in the RA.
3. 	The AMF allows S-NSSAI1, rejects S-NSSAI 2 indicating it is supported in TAI2 (or, alternatively, another encoding option is indicating that it is not supported in TAI1) and a new cause code "Partiallly rejected in the RA" and provides RA= (TAI1, TAI2).
4.	The UE now camps on TAI2 cell
5.	From TAI2 cell the UE registers with S-NSSAI1 and S-NSSAI 2
6.	The AMF provides Allowed S-NSSAI = (S-NSSAI1, S-NSSAI2) and RA = TAI2
6.x.3.2	Indication to UE of Allowed NSSAI in RA and of Partially Allowed S-NSSAIs in RA with TAIs of RA where the Partially Allowed S-NSSAIs is supported. 
6.x.3.2.1	Registration



Figure 6.x.3.2.1-1: Registration with partially allowed S-NSSAI 

0. 	The UE is camping on a cell in TAI 1 where S-NSSAI1 is supported but not S-NSSAI2
1. 	The UE request S-NSSAI1 and S-NSSAI1 while in TAI 1
2. 	The AMF determines TAI1 does not support S-NSSAI 2 and forms the RA = (TAI1, TAI2) and detects S-NSSAI 2 is supported in TAI2 in the RA.
3. 	The AMF allows S-NSSAI1, Indicates that S-NSSAI 2 is partially allowed in RA indicating it is supported in TAI2 (or, alternatively, another encoding option is indicating that it is not supported in TAI1) and a new cause code and provides RA= (TAI1, TAI2).
4.	The UE now camps on TAI1 cell and can only use S-NSSA1
5.	The UE now camps on TAI2 cell and can use both S-NSSA1 and S-NSSAI2.
6.x.3.2.2	MO Procedure from idle mode


Figure 6.x.3.2.2-1 MO service request: success case with TAs supported by different gNBs
figure 6.x.3.2.2-1 s shows the service request with the UE which is registered in TAI, TAI2 with allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2.This MO SR may apply to just S-NSSAI2 PDU session(s) or all S-NSSAIs PDU Session(s). If it does apply to all S-NSSAIs, step 7 includes contacting the SMFs for s-NSSAI 1 to enable the applicable connectivity for S-NSSAI1.
It should be noted that the AMF detects in step 3 that the S-NSSAI2 connectivity is only possible if a HO is executed to a cell supporting S-NSSAI2 so this is requested by the AMF to the RAN. if this is successful, like in this case, step 11 enables connectivity for S-NSSAI2 PDU session.





Figure 6.x.3.2.2-2 MO service request: failure case with TAs supported by different gNBs
figure 6.x.3.2.2-2 shows the service request with the UE which is registered in TAI, TAI2 with Allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2.This may apply to just S-NSSAI2 PDU session(s) or all s-NSSAIs PDU Session(s). If it does apply to all S-NSSAIs, step 7 includes contacting the SMFs for s-NSSAI 1 to enable the applicable connectivity for S-NSSAI1, and since it was not possible to handover to a TA supporting S-NSSAI2, the PDU session for S-NSSAI2 are set as deactivated so DL data is not sent till the UE moves in connected mode to a cell supporting S-NSSAI2 (in TAI2).



Figure 6.x.3.2.2-3 MO service request: success case with TAs supported by single gNB
figure 6.x.3.2.2-3 shows the service request with the UE which is registered in TAI, TAI2 with Allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2 where the TAI1 and TAI2 are supported by cells under the same gNB. This may apply to just S-NSSAI2 PDU session(s) or all s-NSSAIs PDU Session(s). If it does apply to all S-NSSAIs, step 8 includes contacting the SMFs for s-NSSAI 1 to enable the applicable connectivity for S-NSSAI1, and since it was possible to handover to TA2 supporting S-NSSAI2, SMFs for PDU sessions for S-NSSAI2 are also contacted to enable connectivity at step 8.

6.x.3.2.3	MT Procedure from idle mode
Two options are considered 
OPTION A:


Figure 6.x.3.2.3-1 MT service request: success case with TAs supported by different gNBs
Figure 6.x.3.2.3-1 shows the MT service request with the UE which is registered in RA= TAI, TAI2 with Allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2 where the TAI1 and TAI2 are supported by cells under different gNBs. This DL paging applies to a PDU session for S-NSSAI2. the UE replies to paging and the AMF at step 4 detect the UE replied for TAI1 not supporting the Slice. This triggers a Initial UE context setup including indication the S-NSSAI2 PDU session is conditionally activated subject to successful Handover to a cell of a supporting TA (TA2 in this example).  At step 7, the AMF delays contacting the SMFs for the PDU sessions as it has received indication that the S-NSSAI2 PDU session activation is pending handover completion. Since it was possible to handover to TA2 supporting S-NSSAI2, as detected at the AMF when it receives the confirmation at step 9, SMF for the PDU session for S-NSSAI2 is contacted to enable connectivity at step 10. The triggering data is received at step 11. Otherwise, if the gNB cannot handover to a TA supporting the S-NSSAI2, the gNB updated the AMF with a NG-AP message (not shown in the figure above as it is describing only the success case) indicating the requested HO is not possible and the AMF may trigger AN connection release.
 OPTION B:



Figure 6.x.3.2.3-2 MT service request: success case with TAs supported by different gNBs 
 
Figure 6.x.3.2.3-2 shows the MT service request with the UE which is registered in RA= TAI, TAI2 with Allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2 where the TAI1 and TAI2 are supported by cells under different gNBs. This DL paging applies to a PDU session for S-NSSAI2 and noticing the S-NSSAI 2 is partially allowed in the RA at step 2 the paging request includes the S-NSSAI 2. The RAN receives S-NSSAI 2 in the paging request and selects a preferred band from one of the TA2 cells bands (i.e. the preferred band for S-NSSAI2 is indicated). For paging messages sent to cells in TA1, the gNB1 sends to the UE a paging message with the indication of the preferred band (how this is done needs to be decided by RAN2) and the UE shall trigger cell reselection to this preferred band only considering cells in the RA. Regardless of the outcome of cell reselection, the UE issues then a service request. If the cell reselection had positive outcome, like in the figure 6.x.3.2.3-2, the SR is received at the AMF and the AMF detects it is from TA2 where the S-NSSAI2 is supported. This then allows the SR to successfully complete. The triggering downlink data is received at step 11. Otherwise, if the SR is received from TAI1, the AMF may trigger AN connection release.

6.x.3.2.4	Connected Mode system behaviour



Figure 6.x.3.2.4-1 CONNECTED mobility with deactivation of S-NSSAI2 sessions upon entering TAI1 (different gNB)
Figure 6.x.3.2.4-1 shows mobility of UE which is CM-CONNECTED with RA= TAI, TAI2 with Allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2 where the TAI1 and TAI2 are supported by cells under different gNBs, and where the UE has PDU sessions activated for both S-NSSAI1 and S-NSSAI2. Upon mobility to TAI1, the PDU session(s) for S-NSSAI2 are deactivated, meaning the context is preserved but the DL data is dropped and is not accounted for. the related DRBs are also reconfigured to be deactivated during the HO. The trigger for deactivation at AMF is the reception of a Path switch indicating S-NSSAI2 is now not supported (whether this is explicitly indicated, or the ULI allows the AMF to detect that, can be decided in normative phase).







Figure 6.x.3.2.4-2 CONNECTED mobility with reactivation of S-NSSAI2 sessions upon entering TAI2 (different gNB)
Figure 6.x.3.2.4-2 shows mobility of UE which is CM-CONNECTED with RA= TAI, TAI2 with Allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2 where the TAI1 and TAI2 are supported by cells under different gNBs, and where the UE has PDU sessions activated for S-NSSAI1 and deactivated for S-NSSAI2. Upon mobility to TAI2, the PDU session(s) for S-NSSAI2 are reactivated, meaning the context now set in SMF/UPF to enable data forwarding for the PDUs sessions for S-NSSAI2. The related DRBs are also reconfigured to be activated during the HO. The trigger for reactivation at AMF is the reception of a Path switch indicating S-NSSAI2 is now supported (whether this is explicitly indicated, or the ULI allows the AMF to detect that, can be decided in normative phase).





Figure 6.x.3.2.4-3 CONNECTED mobility with reactivation of S-NSSAI2 sessions upon entering TAI1 (same gNB)
Figure 6.x.3.2.4-3 shows mobility of UE which is CM-CONNECTED with RA= TAI, TAI2 with Allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2 where the TAI1 and TAI2 are supported by cells under different gNBs, and where the UE has PDU sessions activated for S-NSSAI1 and deactivated for S-NSSAI2. Upon mobility to TAI2, the PDU session(s) for S-NSSAI2 are reactivated, meaning the context now set in SMF/UPF to enable data forwarding for the PDUs sessions for S-NSSAI2. The related DRBs are also reconfigured to be activated during the HO. The trigger for reactivation at AMF is the reception of a NG-AP message indicating S-NSSAI2 is now supported (whether this is explicitly indicated, or the ULI allows the AMF to detect that, can be decided in normative phase). which NG-AP message is used is up to RAN3 to decide, but in this case a path Switch seems not sent based on current standards.





Figure 6.x.3.2.4-4 CONNECTED mobility with deactivation of S-NSSAI2 sessions upon entering TAI1 (different gNB) with no deactivation at SMF option

Figure 6.x.3.2.4-4 shows mobility of UE which is CM-CONNECTED with RA= TAI, TAI2 with Allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2 where the TAI1 and TAI2 are supported by cells under different gNBs, and where the UE has PDU sessions activated for both S-NSSAI1 and S-NSSAI2. Upon mobility to TAI1, as an alternative to the approach followed in figure 6.x.32.3.4-1, the DL for the PDU session(s) for S-NSSAI2 data is dropped in the RAN. The related DRBs are also reconfigured to be deactivated during the HO. Since there is DL dropped data at the RAN, this data is accounted for so a report of the dropped data volume may need to be sent periodically and when the AN connection is released as per configuration in the RAN. this may be sent to HPLMN SMF based on roaming agreement. the advantage of this configuration is that the activation/deactivation of sessions is local event in the RAN based on the TA where the UE is. It may also be more beneficial when RRC inactive is enabled. whether this option of the one requiring end to end modification of the state of PDU sessions is pursued is subject to evaluation in this study.


6.x.3.2.5	Session management



Figure 6.x.3.2.5-1 PDU session Establishment for S-NSSAI 2 from TAI1, TAs supported by different gNBs
Figure 6.x.3.2.5-1 shows mobility of UE which is registered with RA= TAI, TAI2 with Allowed NSSAI S-NSSAI1 and Partially allowed S-NSSAI in TAI2 S-NSSAI2 where the TAI1 and TAI2 are supported by cells under different gNBs, and where the UE attempts to establish a PDU session for S-NSSAI 2 while in a cell in TAI1 which does not support the S-NSSAI2. The PDU session is established but it is marked as deactivated. Upon connected mode mobility it is reactivated in step 8 when the UE moves to TAI2.

6.x.3.2.6	AN Release
During the AN release procedure, the Inactive PDU session are all marked as active so the data can be delivered to the RAN upon paging the UE.
[bookmark: _Toc101245140]6.x.4	Impacts on services, entities and interfaces
The following impacts are foreseen by this solution:
UE:
-	supports registration for partially allowed S-NSSAIs in partial RAs subset of the RA.
-	can determine which PDU sessions are activated or deactivated based on TAI where the UE is.
- can support partially rejected S-NSSAI
RAN:
-	supports the intelligent activation/reactivation of PDU sessions and DRBs based on the TAI where the UE is in connected mode.
-	Attempts to trigger HO to a supporting TAI when UE is using certain S-NSSAIs upon transition from Idle mode to connected mode upon SR.
-	can determine which PDU sessions are activated or deactivated based on TAI where the UE is.
-	depending on the chosen solution, when the AN connection is released (and periodically, if configured to do so), can issue DL dropped data volume reports per PDU session to the AMF so it can be discounted when a PDU session is deactivated
- 	depending on the chosen solution, can issue a NG-AP update information to AMF so the AMF detects when PDU session for a S-NSSAI are deactivated/reactivated and report this to SMF(s)
AMF: can handle the Partially allowed S-NSSAIs or the partially rejected S-NSSAIs in the RA as described above.
SMF: can handle the Activated/Deactivated sessions status, with the retention of the UE context while in deactivated status and the drop of DL data in deactivated status. Activated/Deactivated status is removed when the UE enters CM-IDLE.



* * * * End of changes * * * *
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