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Abstract of the contribution: This paper proposes to clarify and enhance the usage of Target NSSAI.
1	Discussion
1.2	NG-RAN redirecting the UE using Target NSSAI
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 can continue searching for a redirection target cell/frequency and, when available, redirect the UE accordingly. For the NG-RAN node to be able to do that the Target NSSAI (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 the target NG-RAN node should 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 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 have 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. 
As a consequence, the UE is ”stuck” in F2. This constitute a major problem because the UE is not always able to redirect itself to the frequency where the wanted network slices are available.
Conclusion 1: lack of forwarding the Target NSSAI to the target NG-RAN during mobility procedures causes that the UE cannot be redirected to frequencies where wanted network slices are available 
It has been argued that the above use case is supported by the specifications in SA2. Indeed TS 23.501 quotes:
Start of excerpt from 23.501
[bookmark: _Toc83301610]5.3.4.3.3	Redirection to dedicated frequency band(s) for an S-NSSAI
If a Network Slice, S-NSSAI, is configured to be available only in TAs covering specific dedicated frequency band(s), then there may be a need to redirect the UE to the dedicated frequency band(s) when such S-NSSAI is requested. If the Requested NSSAI contains S-NSSAI(s) that are not available in the UE's current TA, see clause 5.15.8, 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. The Target NSSAI includes at least one S-NSSAI from the Requested NSSAI not available in the current TA, but available in another TA in different frequency band possibly overlapping with the current TA, and optionally additional S-NSSAIs from the Requested NSSAI that are configured to be available within the same TAs as the S-NSSAIs not available in the current TA.
[...]
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. The NG-RAN shall attempt to ensure continuity of the PDU Sessions with activated User Plane associated with the S-NSSAIs in the Allowed NSSAI which are in the Target NSSAI. Also, the NG-RAN should attempt to ensure continuity of service for the S-NSSAIs of the Allowed NSSAI also available in the Target NSSAI, before prioritizing cells that are not supporting one or more of the S-NSSAI of the Allowed NSSAI also available in the Target NSSAI.
[...]
Once the target cells are determined, the NG-RAN initiates RRC redirection procedure towards the target cells, if possible.
After a successful redirection of the UE to a new TA outside the current RA, the UE shall perform a Mobility Registration Update procedure and the S-NSSAIs the new TA supports can be allowed if the UE requests them.
End of excerpt from 23.501
From the above excerpt we deduce the following:
1) The Target NSSAI is signalled to the RAN in order to task the RAN to redirect the UE to a frequency supporting a specific S-NSSAI, when such S-NSSAI is requested. The Target NSSAI may be requested while the UE is in RRC_Connected.	

2) Once receiving the Target NSSAI, the NG-RAN shall attempt to redirect the UE to an opportune frequency, while ensuring that service continuity is maintained.	

3) The RAN may not be immediately able to redirect the UE to the target frequency. This is why 23.501 stats that “Once the target cells are determined, the NG-RAN initiates RRC redirection procedure towards the target cells, if possible”. Namely, target cells may be determined after receiving the Target NSSAI, if and when available.
Therefore, TS 23.501 backs the use case described in Figure 1, where target cells serving the Target NSSAI may be determined only after the UE is moved to a new NG-RAN node. The ability for the AMF to re-send the Target NSSAI when NG-RAN node is changed is not explicitly mentioned in SA2 specifications and therefore the functionality could not be progressed in Rel-17 RAN3 nor SA2 (as when the proposal was brought up at SA2#149e it was claimed to be new functionality).
Forwarding between NG-RAN nodes can be done directly between the NG-RAN nodes or the AMF can re-send the Target NSSAI. As AMF would have a better understanding whether the Target NSSAI is still applicable it is better if AMF resend the same Target NSSAI (and the associated RFSP).
Conclusion 2: The need for signalling of the Target NSSAI during mobility procedure from the CN to the mobility target NG-RAN is already covered TS 23.501, but it can be clarified that AMF re-sends the same Target NSSAI when NG-RAN node changes.
One possible question that would remain unsolved is for how long should a Target NSSAI be considered valid. 
Namely, if the target frequency/cells where the Target NSSAI is supported is consistently unavailable and redirection to such target frequency is not possible, should the NG-RAN consider the Target NSSAI as always valid? 
The SA2 specifications do not seem to be clear about this aspect. As seen above, 23.501 states that 
“Once the target cells are determined, the NG-RAN initiates RRC redirection procedure towards the target cells, if possible”
The latter could be interpreted as a redirection mandate for the NG-RAN that only expires when redirection is carried out.
If the AMF is able to re-send the Target NSSAI, this would also address for how long time the Target NSSAI is valid i.e. the Target NSSAI is valid for the duration when the UE resides in the NG-RAN node and if the UE is changed to a new NG-RAN node the AMF decides whether Target NSSAI is still valid by either re-sending the Target NSSAI information or by not re-sending the Target NSSAI information.
Conclusion 3: The AMF decides for how long time the Target NSSAI is valid by either re-sending the Target NSSAI or not sending the Target NSSAI when there is a change of NG-RAN node.
Proposal 1: Agree that the Target NSSAI is stored in UE context of NG-RAN such that NG-RAN node tries to redirect the UE while the UE resides in the NG-RAN node and allow the AMF to re-send the same Target NSSAI when the NG-RAN node is changed.
1.3	Handling of Target NSSAI in the AMF
Rel-17 specifications assumes that the UE will request the same S-NSSAIs again after the UE has been redirected to a cell of a TA outside the RA. If the UE does not do that and instead change Requested NSSAI this can lead to unwanted effects e.g.:
1)	UE does not request the S-NSSAIs that were prevously rejected for the RA, denying the purpose of the UE redirection
2)	UE requests another S-NSSAI that leads the AMF to trigger a new redirection by sending a new Target NSSAI to the NG-RAN.
Issue 1) is hard to avoid unless a detailed UE behaviour is specified e.g. requesting the UE to request the same S-NSSAIs again. Issue 2) could be resolved with AMF keeping the previous information in the UE context such that the AMF can avoid e.g. any ping-pong like effects.
It is to be discussed if issues described in 1.3 benefit standard changes.
2.	Proposal
Proposal 1: Agree that the Target NSSAI is stored in UE context of NG-RAN such that NG-RAN node tries to redirect the UE while the UE resides in the NG-RAN node and allow the AMF to re-send the same Target NSSAI when the NG-RAN node is changed
See draft CRs on TS 23.501 (in zip file with the WID in S2-2203919) and it is TBD whether a CR to TS 23.502 is needed.
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