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1 Introduction
During RAN3-120 The TP in R3-233429 was agreed on the basis of the following minuted agreement.
To include the partially allowed S-NSSAI over NGAP in messages where the Allowed NSSAI is sent and to encode the partially allowed S-NSSAI separately from an Allowed S-NSSAI.
During RAN3-121, the following was further agreed:
Add the Partially Allowed NSSAI in the following NGAP messages.  
· Connection Establishment Indication
· AMF CP Relocation Indication
· UE Information Transfer
· Initial UE Message
· Reroute NAS Request
And
The total number of allowed/partially allowed S-NSSAI should not exceed 8.
With respect to the last agreement, we note that TS23.501 already states the following:
The NSSAI is a collection of S-NSSAIs. An NSSAI may be a Configured NSSAI, a Requested NSSAI, Allowed NSSAI or a Partially Allowed NSSAI. There can be at most eight S-NSSAIs in Allowed NSSAI and Requested NSSAI sent in signalling messages between the UE and the Network. There can be at most seven S-NSSAIs in the Partially Allowed NSSAI and at most seven S-NSSAIs rejected partially in the RA, and the sum of S-NSSAIs in the Allowed NSSAI, and the Partially Allowed NSSAI shall be at most eight.
In order to capture the limitation of up to 8 S-NSSAIs between Allowed and Partially Allowed NSSAI and to avoid duplicating the same text in multiple specifications, we suggest that RAN3 stage 2 specifications simply reference to TS23.501. If we take the latest BLCR for TS38.300 in R3-234824, such reference can be achieved via the following text proposal:
--------------------------TP to TS38.300--------------------------
[bookmark: _Toc29376151][bookmark: _Toc52551457][bookmark: _Toc51971474][bookmark: _Toc37232049][bookmark: _Toc130938969][bookmark: _Toc46502126][bookmark: _Toc20388071]16.3.4.3	UE Context Handling
[bookmark: _Hlk146627029]Following the initial access, the establishment of the RRC connection and the selection of the correct AMF, the AMF establishes the complete UE context by sending the Initial Context Setup Request message to the NG-RAN over NG-C. The message contains the Allowed NSSAI and additionally contains the S-NSSAI(s) as part of the PDU session(s) resource description when present in the message and may contain Partially Allowed NSSAI. The limitations in the number of S-NSSAIs that can be included in any of the Allowed NSSAI or Partially Allowed NSSAI or both are specified in TS 23.501 [3]. Upon successful establishment of the UE context and allocation of PDU session resources to the relevant network slice(s) when present, the NG-RAN responds with the Initial Context Setup Response message.


Figure 16.3.4.3-1: Network Slice-aware Initial Context Setup
--------------------------End of TP to TS38.300--------------------------

Proposal 1: Agree to a text proposal for TS38.300 where the TS23.501 is reference with respect to limitations in the number of S-NSSAIs that can be included in any of the Allowed NSSAI or Partially Allowed NSSAI or both.

In R3-233429 and R3-234676 a new IE named Partially Allowed NSSAI is introduced over the NGAP in all messages where the Allowed NSSAI is signalled. 
This Partially Allowed NSSAI IE is encoded in the same way as the Allowed NSSAI and in fact, it has a similar functionality. Namely, the Partially Allowed NSSAI, just like the Allowed NSSAI, enables the RAN to perform slice-based mobility also taking partially allowed slices into account, assuming that radio conditions towards potential targets are acceptable. Of course, the difference between the Allowed NSSAI and the Partially Allowed NSSAI is that the first lists network slices that are allowed in the whole registration area, while the second lists network slices that are allowed in some of the TAs in the registration area. 
Conclusion 1: The NG-RAN uses the Allowed NSSAI and the Partially Allowed NSSAI for the same functionality, namely to enable slice-based mobility. 
However, with the introduction of the Partially Allowed NSSAI, slice-based mobility becomes a more complex problem. That is because the NG-RAN has two lists of slices the UE may be allowed to access in potential mobility target cells, and the list may contain slices that it is not possible to support at the same time. 
Identifying the best mobility target cell from a radio point of view remains the main criteria for handover target selection. However, if such target has to support specific slices, handover target selection becomes a complex exercise that can be based on two main criteria:  the number of slices with open PDU sessions that the target node can support and the number of slices contained in the Allowed NSSAI and Partially Allowed NSSAI that the target node can support. It is not known in RAN which slices are preferred for the UE in case there is no target node that can support all slices, it is expected that slices with open PDU sessions will be prioritized, but that method might exclude cells supporting slices that are preferred, but currently not available to the UE.

Conclusion 2: With the introduction of the Partially Allowed NSSAI, slice-based handover target selection becomes more complex. The only criteria to select an optimal mobility target, so far, is to maximise the number of slices the target node can support with open PDU sessions, or slices the target node can support that are also contained in the Allowed NSSAI and Partially Allowed NSSAI. However, such approach might exclude slices that are preferred for the UE.
In R17 a Target NSSAI was introduced that provide a set of slices that are prioritized for the UE. When the Target NSSAI is used, it is required that there are target nodes that are able to serve the slices of the target NSSAI at the same time. Also, a Target RFSP is provided that indicates a frequency where the slices can be supported. With this feature, the task of slice based mobility is simplified for RAN, and the CN is able to indicate what slices are most important for the UE. 
Conclusion 3: Slice based mobility based on Target NSSAI is not as complex as when based on Allowed and Partially Allowed NSSAI, and the CN is able to inform RAN of what slices are of high importance to the UE, and the frequency bands where to find these slices.

The remaining parts of the paper are focussed on the mobility problem outlined above.
2 Discussion
2.1 Signalling of the Partially Allowed NSSAI over the XnAP
During RAN3-121 the following open point was captured:
It is also agreed the Partially allowed NSSAI IE is not needed in the Xn Handover Request because for the propagation between gNBs, the information can be obtained by gNB via Path Switch Acknowledge message.
When the sentence above was discussed in RAN3, the group was very closed to agreeing on it. However, some companies wanted to check on this point, hence the agreement has been turned into a “to be continued”.
To clarify on this topic, as described in Section 1, the Partially Allowed NSSAI has the same functionality as the Allowed NSSAI. 
The Allowed NSSAI is not signalled over the XnAP because, when a UE moves to a mobility target cell, the AMF is mandated to signal the Allowed NSSAI to the target NG-RAN in the PATH SWITCH REQUEST ACKNOWLEDGE. 
This mechanism was put in place to ensure that the Allowed NSSAI available at the mobility target would be always up to date, even in cases where the UE is moving across different registration areas. 
In fact, in the case of inter RA mobility, the Allowed NSSAI may be different between source RA and target RA. Hence, forwarding the Allowed NSSAI over the XnAP would have negative effects because the Allowed NSSAI forwarded by the source NG-RAN may not be valid anymore. 
Conclusion 4: The Allowed NSSAI is not signalled over the XnAP because the AMF signals the Allowed NSSAI to the target NG-RAN during every mobility procedure.
The above applies also to the Partially Allowed NSSAI. Namely, the Partially Allowed NSSAI has been included in the PATH SWITCH REQUEST ACKNOWLEDGE message and in the HANDOVER REQUEST message with the intention to provide to the target NG-RAN always an up-to-date list of the valid partially allowed network slices. There is no need to signal the Partially Allowed NSSAI over the XnAP. Indeed, this could have negative effects because it might lead to signalling of invalid information to the target NG-RAN. 
Proposal 2: It is proposed to turn the following into agreement:
It is agreed that the Partially allowed NSSAI IE is not signalled over the Xn: Handover Request because the Partially Allowed NSSAI is signalled by the AMF to the target NG-RAN via the Xn: Path Switch Request Acknowledge message.

2.2 Enhancing Slice Based Mobility
The Partially Allowed NSSAI, together with the Allowed NSSAI, are supposed to enable the RAN to take mobility decisions that would also consider slice availability at the target cell.
To achieve slice-based mobility, a source NG-RAN node would have to, first of all, identify mobility targets that are suitable from a radio point of view. Then, the source RAN would have to select a mobility target cell that supports as many slices included in the Allowed NSSAI and Partially Allowed NSSAI as possible, while maintaining connectivity for slices with open PDU sessions.
However, as already pointed out in Section 1, this approach may reveal to be sub-optimal. The reason is that this approach is not able to take into account which slices are of highest importance to the UE, or slices that are highly likely to be selected frequently/periodically by the UE. 
Figure 1 shows an example of how slice-based mobility may result in sub-optimal mobility target selection decisions.



Figure1: Example of Mobility Target selection not taking UE’s slice preference into account

Figure 1 shows how a source NG-RAN node that tries to maximise the number of slices supported in a candidate target cell that are also included in the Allowed NSSAI and Partially Allowed NSSAI may incur in the sub-optimal decision of handing over a UE to a target cell which does not support preferred slices for the UE.
To resolve this issue, we propose to enhance the usage of the Target NSSAI.
The Target NSSAI is defined in TS23.501 as follows:
Target NSSAI: NSSAI provided by the Serving PLMN to the NG-RAN to cause the NG-RAN to attempt to steer the UE to a cell supporting the Network Slices identified by the S-NSSAIs in this NSSAI.
 
Therefore, the Target NSSAI is “the” tool to enable the NG-RAN to perform optimal slice-based mobility. In fact, the Target NSSAI can include a selected list of S-NSSAIs which can be chosen based on their importance. Therefore, the Target NSSAI can guide the NG-RAN to perform optimal slice-based mobility because the NG-RAN is tasked to find a mobility target that supports specifically selected and preferred slices.
Conclusion 5: The Target NSSAI is an appropriate tool to enable optimal slice-based mobility because it enables the NG-RAN to find a mobility target that supports specifically selected and preferred slices
However, the Target NSSAI is currently subject to unnecessary limitations. In TS23.501 it is stated:
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 above sentence sets a requirement where the Target NSSAI shall include at least one S-NSSAI from the Requested NSSAI not available in the current TA. This enalbes flexibility in using the Target NSSAI to steer UEs towards TAs where preferred slices are served even if a slice rejection does not take place. However, in the same section of TS23.501 it is also stated:
The Target NSSAI shall only include S-NSSAIs that can be provided in an Allowed NSSAI, or in an Allowed NSSAI and Partially Allowed NSSAI, for the UE. The Target NSSAI includes at least one Rejected S-NSSAI and may include e.g.: 

The last sentence unnecessarily restricts the usage of the Target NSSAI and deprives it of its most useful function, which is to steer UEs towards their preferred slices, independently of whether a slice rejection happens.
We believe this restriction is unnecessary.
If the Target NSSAI is the tool to enable the RAN to perform optimal slice based mobility, why should it not be possible to use the Target NSSAI in any case, even without the occurrence of a slice rejection? 
We believe that such restriction should be lifted so to enable the Target NSSAI to be signalled to the NG-RAN at any point in time, to provide assistance information to the NG-RAN that would take high priority slices into account for the sake of performing optimal mobility decisions. 
With this approach, the issue identified in Figure 1 would disappear, as shown in Figure 2.  


Figure2: Example of optimal Mobility Target selection taking into account preferred slices

It can be seen from Figure 2 that the Source NG-RAN is able to steer the UE towards Target Cell 2 because Target Cell 2 supports the network slices indicated in the Target NSSAI. Such network slices are included in the Target NSSAI because they are considered of high importance for the UE.

During RAN-121 some companies questioned why to enhance the Target NSSSAI and why not, instead, to introduce a totally new list of prioritised S-NSSAIs to be signalled form the 5GC to the NG-RAN. In reply to these observations, we would like to point out that it is simply natural that a certain feature, e.g. the Target NSSAI, evolves to meet the demand of new use cases. 
Given that, according to TS23.501, the Target NSSAI´s role is “to cause the NG-RAN to attempt to steer the UE to a cell supporting the Network Slices identified by the S-NSSAIs in this NSSAI”, it is obvious that this set of information is best suited to steer UE mobility to cells where high importance slices are served. 
We also note that the proliferation of many more IEs performing similar tasks creates the problem of coordination of nodes behaviours in the presence of such IEs. In this particular case, it is unclear how the NG-RAN should behave if it received the Target NSSAI and the RFSP associated to it as well as the new IE that has been proposed in RAN3-121, containing a list of prioritised slices. 
Should the NG-RAN try to steer mobility towards cells where the slices in the Target NSSAI are supported, namely following the RFST for the Target NSSAI, or should the NG-RAN steer the UE towards cells contained in the new IE? Wouldn´t it be the case that the slices in this new IE and in the Target NSSAI will eventually be exactly the same?
For this reason, we do not think that the solution to the mobility problem outlined above is to add yet another feature and and yet another IE exchange between 5GC and NG-RAN. This would only increase complexity and create interoperability problems.
Conclusion 6: to optimise slice based mobility in the presence of Allowed NSSAI and Partially Allowed NSSAI, enhancing the use of the Target NSSAI is the least complex and most effective way forward. The introduction of new signalling from 5GC to NG-RAN with a new list of prioritised S-NSSAIs only increases complexity and causes interoperability issues without bringing benefits with respect to the already existing tools 

We therefore propose to send an LS to SA2 to state the benefits of the described enhancements to the Target NSSAI and to ask feedback about this approach.

Proposal 3: The AMF should be able to signal the Target NSSAI to the NG-RAN at any point in time for the purpose of enabling the NG-RAN to perform optimal slice-based mobility decisions. It should not be required that the Target NSSAI shall include a Rejected NSSAI.
Proposal 4: Send an LS to SA2 to state the benefits of enhancing the Target NSSAI usage and to request feedback on the solution described in Proposal 3
Conclusion
In this paper open points and new aspects connected with the introduction of the Partially Allowed NSSAI have been analysed. The following Conclusions and Proposals have been identified:
Proposal 1: Agree to a text proposal for TS38.300 where the TS23.501 is reference with respect to limitations in the number of S-NSSAIs that can be included in any of the Allowed NSSAI or Partially Allowed NSSAI or both.
Conclusion 1: The NG-RAN uses the Allowed NSSAI and the Partially Allowed NSSAI for the same functionality, namely to enable slice-based mobility. 
Conclusion 2: With the introduction of the Partially Allowed NSSAI, slice-based handover target selection becomes more complex. The only criteria to select an optimal mobility target, so far, is to maximise the number of slices the target node can support with open PDU sessions, or slices the target node can support that are also contained in the Allowed NSSAI and Partially Allowed NSSAI. However, such approach might exclude slices that are preferred for the UE.
Conclusion 3: Slice based mobility based on Target NSSAI is not as complex as when based on Allowed and Partially Allowed NSSAI, and the CN is able to inform RAN of what slices are of high importance to the UE, and the frequency bands where to find these slices.
Conclusion 4: The Allowed NSSAI is not signalled over the XnAP because the AMF signals the Allowed NSSAI to the target NG-RAN during every mobility procedure.
Proposal 2: It is proposed to turn the following into agreement:
It is agreed that the Partially allowed NSSAI IE is not signalled over the Xn: Handover Request because the Partially Allowed NSSAI is signalled by the AMF to the target NG-RAN via the Xn: Path Switch Request Acknowledge message.
Conclusion 5: The Target NSSAI is an appropriate tool to enable optimal slice-based mobility because it enables the NG-RAN to find a mobility target that supports specifically selected and preferred slices
Conclusion 6: to optimise slice based mobility in the presence of Allowed NSSAI and Partially Allowed NSSAI, enhancing the use of the Target NSSAI is the least complex and most effective way forward. The introduction of new signalling from 5GC to NG-RAN with a new list of prioritised S-NSSAIs only increases complexity and causes interoperability issues without bringing benefits with respect to the already existing tools 
Proposal 3: The AMF should be able to signal the Target NSSAI to the NG-RAN at any point in time for the purpose of enabling the NG-RAN to perform optimal slice-based mobility decisions. It should not be required that the Target NSSAI shall include a Rejected NSSAI.
Proposal 4: Send an LS to SA2 to state the benefits of enhancing the Target NSSAI usage and to request feedback on the solution described in Proposal 3
It is proposed to agree to a TP to TS38.300 in R3-235592 and to a draft LS to SA5 in R3-235594, which reflect the content of this paper.
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