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1. Introduction
[bookmark: _Hlk110517273]TEI18 WID for Target NSSAI enhancements was discussed at SA2#151e meeting (S2-2203919) and the proposal was postponed to further discuss the open aspects and the functional changes to include in the WID.
Additional open aspects to consider for enhancements were discussed at SA2#151e meeting and this DP lists the discussed issues and proposed options for how to address these issues and also includes proposed options to progress into normative work.
2.	Discussion
2.1	Rel-17 requirements to consider
The TARGET NSSAI, when it is set by the AMF or NSSF, and is used by the RAN, has to as per current specifications meet these objectives, requirements and assumptions from TS 23.501.
	1
	“the AMF itself or by interacting with the NSSF as described in clause 5.15.5.2.1 may determine a Target NSSAI to be used by the NG-RAN, in addition to the information the AMF receives, such as the Allowed NSSAI and the RFSP for the Allowed NSSAI, to attempt to redirect the UE to a cell and TA in another frequency band and TA that supports the S-NSSAIs in the Target NSSAI.”

	2
	"The NG-RAN shall attempt to find cells of TAs that can support all the S-NSSAIs in the Target S-NSSAIs, and if no such cell of a TA is available the RAN can attempt to select cells of TAs that best match the Target S-NSSAI."

	3
	“The Target NSSAI shall only include S-NSSAIs that can be provided in an Allowed NSSAI for the UE.”

	4
	Once the target cells are determined, the NG-RAN initiates RRC redirection procedure towards the target cells, or the NG-RAN initiates handover for the UE with active PDU Sessions associated with the S-NSSAIs which are in the Target NSSAI, if possible.



It can of course be discussed if some of the above requirements should be updated (e.g. clarified or changed) as part of any enhancements.
2.2	Scenarios to consider
2.2.1	Forwarding UE to Factory deployment
At the moment when NG-RAN received the Target NSSAI (and the associated RFSP), it may occur that the serving NG-RAN node is not able to identify a redirection target cell/frequency that supports the network slices in the Target NSSAI. In this case, the serving NG-RAN node logic is implementation specific e.g. the NG-RAN node can continue searching for a redirection target cell/frequency and, when available, redirect the UE accordingly, or revert to operation based on Allowed NSSAI and its RFSP and stop trying to find target cells using Target NSSAI and the associated RFSP. For the NG-RAN node to be able to continue searching for a redirection target cell/frequency the Target NSSAI and the (and the associated RFSP) needs to be stored in the UE context in the NG-RAN.
However, the UE may be handed over to a different NG-RAN node before redirection occurs. In this case it would have been preferred if the target NG-RAN node could receive the Target NSSAI (and the associated RFSP) to ensure that the UE is redirected as soon as possible to the cell/frequency where the Target NSSAI is served. 
The above use case is illustrated in the figure below.



Figure 1: example use case showing the need of storage of Target NSSAI in UE context and need for signalling the Target NSSAI during HO procedures

In Figure 1 a typical case of overlapping frequency deployment is shown. Over F1 the operator has deployed cells serving a smart factory plant. The smart factory plant is served by S-NSSAI1.
Over F2, the operator has deployed its macro coverage, served by S-NSSAI2.
Once the UE is in proximity of the smart plant deployment, the UE may issue a NAS request to access the smart factory services over S-NSSAI1. However, S-NSSAI 1 is not allowed/supported over F2, hence the CN will issue a NAS rejection. With that S-NSSAI 1 will be included in the Rejected NSSAI for the RA and signalled to the UE over NAS. The UE will not be able to request services for S-NSSAI1 until it moves to a different RA.
As a consequence of NAS rejection, the AMF may signal to the NG-RAN a Target NSSAI, including S-NSSAI1. The NG-RAN should use the Target NSSAI to redirect the UE to F1, namely to the frequency where the Target NSSAI is supported. However, F1 is not necessarily available at the time when the Target NSSAI is received by the NG-RAN.
Shortly after the UE may be handed over to gNB2b. Cells served by gNB2b having coverage overlap with F1, hence the UE could be successfully redirected to F1 while served by gNB2b. 
However, lack of forwarding of the Target NSSAI to gNB2b during handover procedures implies that gNB2b has no knowledge of the need to redirect the UE to F1. 
[bookmark: _Hlk110678965]Requirement 1: NG-RAN need to be able to try to redirect the UE, not only at the moment when the Target NSSAI/RFSP is received from the AMF, also at a later point e.g. when UE moved or radio conditions changed.
Requirement 2: The use of Target NSSAI/RFSP need to be supported also when changing NG-RAN node.
2.2.2	TAIs with different S-NSSAI support
Assume that a UE has received 3 S-NSSAIs (1,2,3) as part of Configured NSSAI. Let's also assume the UE is registered in TAI 1 where the S-NSSAI 1 is supported, but then S-NSSAI 1 is not supported in TAI 2 nor TAI 3, and also S-NSSAI 2 is supported in TAI2 and not in TAI3. TAI1, and S-NSSAI 3 is supported in TAI3, but not in TAI1 and TAI2. See figure 1.
[image: ]
FIGURE 2
The UE requests the 3 S-NSSAIs and is in area where the 3 TAIs overlap. Let's also assume that the AMF/NSSF decide that S-NSSAI 2 and S-NSSAI 3 are more important than S-NSSAI 1. However, the AMF and NSSF cannot really indicate a TARGET NSSAI = (S-NSSAI3, S-NSSAI2) as it is against the constrain 3 (S-NSSAI 3 and S-NSSAI 2 are not really allowable together in a target TAs together). But, since the AMF/NSSF are not able to predict the radio conditions, it could be convenient for the NSSF/AMF to be able to signal to the RAN information such that the NG-RAN is able to select either cells of TA2 or TA3, i.e. assuming there are cells available that support different subsets of the S-NSSAIs of what the UE requested. 

Requirement 3: The AMF/NSSF to be able to signal to the RAN information such that the NG-RAN is able to select cells available that support different subsets of the S-NSSAIs of what the UE requested.
2.2.3	Adjacent TAs supporting at least the S-NSSAIs of current RA

With reference to Figure 3: The UE is registered in a RA with S-NSSAI 1 and requests S-NSSAI1 and S-NSSA2. The AMF/NSSF detect some TA2 where both S-NSSAI-1 and S-NSSAI2 are available that is overlapping with the RA in some location, so AMF/NSSF assigns Target NSSAI = (S-NSSAI1, S-NSSAI2). However, if we perform RRM based on Target NSSAI then when the UE arrived at TA11, the RAN may redirect the UE to a cell in TA3 as RAN is instructed to move the UE based on TARGET NSSAI RRM (the TA3 cell meets the constraints and criteria to be selected based on Target NSSAI even though TA3 supports a subset of the Target NSSAI), thus potentially causing an unnecessary redirection/handover. Similar considerations would apply if the UE moved to TA15. We conclude therefore that the TARGET NSSAI and its RFSP should be scoped to some TAIs of the RA only.
[bookmark: _Hlk110802010]Requirement 4: There is a need to be able to avoid redirecting the UE to cells/TAs that does not support more S-NSSAIs of the Target NSSAI than the current RA.
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FIGURE 3
2.2.4	Events causing the Target NSSAI to be no longer valid
There can be 5GC initiated events causing the Target NSSAI to be no longer valid, e.g. events leading to change of Configured NSSAI or new URSP. A change of Configured NSSAI may result in UE performing MRU, but until then or if not done NG-RAN may continue to try and move the UE while it may not any longer be relevant for the UE.
In principle the Target NSSAI could also be invalidated when the UE starts to use (i.e. establish PDU Sessions) for some of the S-NSSAIs in the Allowed NSSAI. 
It can also be useful for the AMF to be able to either re-send the Target NSSAI/RFSP or indicate not valid any longer in the Downlink NAS transport for the scenario that UE was put into idle by RRC Release and then UE establish RRC connection within the RA.
Requirement 5: There can be events, known in 5GC, causing the Target NSSAI to be no longer valid.
2.2.5	Interaction with FS_eNS_Ph3 KI#5
With reference to figure 4: A UE supporting possible Rel-18 enhancement from normative phase of FS_eNS_Ph3 key issue 5 “Improved support of RAs including TAs supporting Rejected S-NSSAIs”, requests S-NSSAI1 and S-NSSA2. The AMF/NSSF detect some TA2 where both can work and TA2 that is overlapping with the RA in some location. AMF can assign Target NSSAI = (S-NSSAI1, S-NSSAI2. However, the RA does not need to exclude TA2 where S-NSSAI 2 is supported, as the UE can receive information as per KI#5 conclusion such that S-NSSAI in TA2 can be registered.
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FIGURE 4

Requirement 6: If UE and network supports conclusion for KI#5 then it may impact the use or need for Target NSSAI.

3	Solution options for the listed requirements
The following options for functional enhancements have been discussed/proposed for the above-mentioned requirements.
Requirement 1: NG-RAN need to be able to try to redirect the UE, not only at the moment when the Target NSSAI/RFSP is received from the AMF, also at a later point e.g. when UE moved or radio conditions changed.
	Solution
	Description
	Discussions

	A. 
	New indication from AMF to NG-RAN indicating NG-RAN to store Target NSSAI/RFSP in UE context and use it for RRM instead of Allowed NSSAI/RFSP
	

	B. 
	[bookmark: _Hlk110840097]NG-RAN stores the Target NSSAI/RFSP in UE context and use it for RRM instead of Allowed NSSAI/RFSP (without new indication)
	

	C. 
	AMF to indicate conditions for the validity of the Target NSSAI to NG-RAN (e.g. TAI list or time or both)
	



The Rel-17 specifications does not state anything whether NG-RAN can store or not the Target NSSAI/RFSP in the UE context. So, it can both be argued to be up to NG-RAN implementation already in Rel-17 to store it, and it can also be argued to be new behavior.
It is assumed that the NG-RAN knows the topology of a supported features in the neighbor cells (this assumption is based on the feature of Network Slice-based cell reselection). Therefore, the NG-RAN can decide how to configure the UE to perform radio measurements based on the Target NSSAI/RFSP.
For the interoperability aspects, the current specs does not indicate whether to store neither to not store. 23.501 states: “Once the target cells are determined, the NG-RAN initiates RRC redirection procedure towards the target cells, or the NG-RAN initiates handover for the UE with active PDU Sessions associated with the S-NSSAIs which are in the Target NSSAI, if possible” i.e. already now there is a notion of that the determination of target cells can take some time. 
Therefore, a separate indication is not needed.
For time-based validity/conditions, it is in practice very hard to set a time for how long Target NSSAI should be valid i.e. it is better to rely on explicit information e.g. AMF indicating that the information is no longer valid.
For TAI based information, this depends on the resolution of requirement 2 and 3. That is, if Target NSSAI/RFSP is sent from source NG-RAN node to target NG-RAN node (e.g. in Source NG-RAN Node to Target NG-RAN Node Transparent Container), then it can be useful to limit the information to a TAI list. However, if AMF re-sends same info to target NG-RAN node then no separate TAI list is needed. If it is concluded for requirement 3 to send multiple Target NSSAI lists, then one can re-consider to also send a related TAI list, but see proposed conclusion for requirement 3.
Conclusion 1: It is proposed to progress solution B i.e. “NG-RAN stores the Target NSSAI/RFSP in UE context and use it for RRM instead of Allowed NSSAI/RFSP (without new indication)”

Requirement 2: The use of Target NSSAI/RFSP need to be supported also when changing NG-RAN node.
	Solution
	Description
	Discussions

	A. 
	Source NG-RAN node forwards Target NSSAI/RFSP and any conditioned validity
	

	B.
	[bookmark: _Hlk110840652]AMF can re-send same Target NSSAI/RFSP to Target NG-RAN node
	



AMF have more information on whether the Target NSSAI is still valid. While the Target NSSAI/RFSP could have been included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container, from 38.413 it is clear that the container does not include any slicing related information while the container includes RFSP (i.e. the RFSP derived from the Allowed NSSAI). That is, the AMF sends the Allowed NSSAI in HO request to the target NG-RAN node and therefore, it is natural to also let the AMF re-send the same Target NSSAI/RFSP to the target NG-RAN node.
As the validity of the Target NSSAI can be re-considered at change of gNB the AMF can decide to stop the Target NSSAI usage in target RAN node by omitting to send the Target NSSAI/RFSP to the target NG-RAN node.
The AMF, based on internal implementation, may re-evaluate the need of the S-NSSAIs of the Target NSSAI and send the old or a new Target NSSAI to the target gNB.
Conclusion 2: It is proposed to progress solution B “AMF can re-send same Target NSSAI/RFSP to Target NG-RAN node”

Requirement 3: The AMF/NSSF to be able to signal to the RAN information such that the NG-RAN is able to select cells available that support different subsets of the S-NSSAIs of what the UE requested.
	Solution
	Description
	Discussions

	A. 
	Candidate cell among cells with different S-NSSAI support is selected by prioritizing list of S-NSSAIs in the Target NSSAI
	

	B.
	[bookmark: _Hlk110842247]Candidate cell among cells with different S-NSSAI support is selected by the RFSP associated to the Target NSSAI
	

	C.
	AMF to be able to provide to NG-RAN alternative sets of S-NSSAIs that can be allowed over incompatible bands i.e. list of alternative Target NSSAI
	



There is currently no defined or standardized priority between S-NSSAIs of a Target NSSAI.
RFSP related policy is not defined in the standards i.e. what each value means is decided by the operator.
The RFSP complements the Target NSSAI i.e. if there are multiple target cells candidates then the RFSP can be used to select the appropriate target cell candidate. For example, if there are candidate cells with different S-NSSAI support or multiple cells with same S-NSSAI support, then RFSP can be used to select the cell.
In the particular case that there are 2 candidate target cells supporting different S-NSSAIs from the Target NSSAI (and the Allowed NSSAI), it is suitable to let the NG-RAN decide the target cell based on internal RRM corresponding to the RFSP of the Target NSSAI.
Any Target NSSAI or subset thereof, has to be possible to include as an Allowed NSSAI as per requirement 3 in clause 2.1. So, currently Target NSSAI is assumed to not be able to include both S-NSSAI 1 and S-NSSAI2 in figure 2 as there cannot be an Allowed NSSAI including both. However, it is possible that two TAs supporting individual S-NSSAI can overlap and would be nice to be able to let NG-RAN choose one of the two.
While list of alternative sets of S-NSSAIs (e.g. list of Target NSSAI) can be used, letting NG-RAN use RFSP in case there is a conflict also resolves the issue. What may be needed is that the requirement 3 is clarified to be applied as an outcome i.e. once the UE performs a new Registration request in target cell after redirection due to Target NSSAI usage the AMF need to determine an Allowed NSSAI (i.e. referring to figure 2 the Allowed NSSAI will be dependent on cell/TA the UE been moved to). Therefore, the S-NSSAIs of the Target NSSAI need to at least independently be possible to add to an Allowed NSSAI, which also can be an interpretation of current wording. 
[bookmark: _Hlk110843413]Conclusion 3: It is proposed to progress solution B “Candidate cell among cells with different S-NSSAI support is selected by the RFSP associated to the Target NSSAI”.

Requirement 4: There is a need to be able to avoid redirecting the UE to cells/TAs that does not support more S-NSSAIs of the Target NSSAI than the current TA.
	Solution
	Description
	Discussions

	A.
	AMF shall be able to indicate to the RAN to restrict RRM based on the stored TARGET NSSAI to some TAIs of the RA only
	

	B.
	[bookmark: _Hlk110843423]It is clarified that NG-RAN does not redirect the UE to cells/TAs that does not support more S-NSSAIs of the Target NSSAI than the current TA
	



It seems like that the restriction can be always applied i.e. there is no need for a new indication.
Conclusion 4: It is proposed to progress solution B “It is clarified that NG-RAN does not redirect the UE to cells/TAs that does not support more S-NSSAIs of the Target NSSAI than the current TA”

Requirement 5: There can be events, known in 5GC, causing the Target NSSAI to be no longer valid.
	Solution
	Description
	Discussions

	A.
	No such event i.e. NG-RAN can keep trying the redirection based on implementation
	

	B.
	AMF is able to indicate to NG-RAN that that the Target NSSAI/RFSP is no longer valid (or indication for NG-RAN to stop using Target NSSAI)
	



When a new mobility registration is executed, the AMF may indicate to remove the target NSSAI from UE context if this is no longer required for the new registration event (so maybe more an indication to remove a stale Target NSSAI as related to a previous RR).
AMF can decide a new Target NSSAI (e.g. when there is new Requested NSSAI) and update it accordingly. If there is an NGAP message without Target NSSAI, maybe it can implicitly been seen as old Target NSSAI is no longer valid. However, NGAP/RAN usually does not prefer “implicit” messaging i.e. better with some explicit information if intention is to steer NG-RAN logic to remove Target NSSAi from UE context.
There can be 5GC initiated events causing the Target NSSAI to be no longer valid, e.g. events leading to change of Configured NSSAI. Then, in principle the Target NSSAI could also be invalidated when the UE starts to use (i.e. establish PDU Sessions) for some of the S-NSSAIs in the Allowed NSSAI i.e. even if AMF can send some validity information e.g. time or TAI list to NG-RAN, the capability to indicate that the Target NSSAI is no longer valid is anyway needed. 
It can also be useful for the AMF to be able to either re-send the Target NSSAI/RFSP or indicate not valid any longer in the Downlink NAS transport for the scenario that UE was put into idle by RRC Release and then UE establish RRC connection within the RA.
Conclusion 5: It is proposed to progress solution B “AMF is able to indicate to NG-RAN that that the Target NSSAI/RFSP is no longer valid (or indication for NG-RAN to stop using Target NSSAI)”

Requirement 6: If UE and network supports conclusion for KI#5 then it may impact the use of Target NSSAI.
The conclusion for KI#5 of FS_eNS_Ph3 is not yet known, but if KI#5 functionality is supported by the UE, dependent on the conclusion, it may impact the logic of Target NSSAI. 
Feature interaction cross features that are introduced in same release needs to be looked into. One possible option is that AMF uses the UE support of KI#5 whether and how to trigger Target NSSAI/RFSP.
Conclusion 6: Add a statement that AMF may determine the use of target NSSAI/RFSP also considering whether the UE supports conclusion of KI#5 functionality.
4. Conclusions and proposals
It is proposed that the following enhancements are added to the target NSSAI feature in Re-18:
-	NG-RAN stores the Target NSSAI/RFSP in UE context and use it for RRM instead of Allowed NSSAI/RFSP (without new indication)
-	AMF can re-send same Target NSSAI/RFSP to Target NG-RAN node
-	Candidate cell among cells with different S-NSSAI support is selected taking into account the RFSP associated to the Target NSSAI
-	It is clarified that NG-RAN does not redirect the UE to cells/TAs that does not support more S-NSSAIs of the Target NSSAI than the current TA
-	AMF is able to indicate to NG-RAN that that the Target NSSAI/RFSP is no longer valid (or indication for NG-RAN to stop using Target NSSAI)
-	Add a statement that interactions with outcome of FS_eNS_Ph3 needs to be considered for KI#5, e.g. AMF may determine the use of target NSSAI/RFSP also considering whether the UE supports conclusion of KI#5 functionality
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