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Discussion
This is an update of solution 17 to remove some issues it may have and removes an editors note. Specifically, it provides visibility to the UE as to which S-NSSAI work in the band(s) the RAN provides in dedicated priorities for cell reselection. Also, it provides the ability to indicate whether certain bands require the UE to include or not the GUAMI and not include the S-TMSI so the UE can be directed to a dedicated AMF right away, as certain dedicated bands network slices also have an associated dedicated AMF.

Proposal
The following clarifications are proposed to be added to TR 23.700-40 
Proposed text changes – all new text
[bookmark: _Toc43397074][bookmark: _Toc43483471][bookmark: _Toc43483765][bookmark: _Toc50473132][bookmark: _Toc50539452][bookmark: _Toc50539842]6.x17	Solution #x17: Support of radio spectrum attribute by CN assisted RAN controlRAN-Based UE redirection with enhanced RRC-level information
[bookmark: _Toc43397075][bookmark: _Toc43483472][bookmark: _Toc43483766][bookmark: _Toc50473133][bookmark: _Toc50539453][bookmark: _Toc50539843]6.x17.1	Introduction
This solution addresses KI#7.
The principles of the solution is to follow the current procedures as much as possible and if the network cannot accept the Requested NSSAI due to it is not allowed within current TAI, the 5GC provides a Target NSSAI and corresponding RFSP the Configured NSSAI, the Rejected S-NSSAIs in addition to the Allowed NSSAI to NG-RAN for NG-RAN to select a suitable Radio Spectrum for the UE. The AMF, also when the Requested NSSAI is fully allowed, provides to the RAN also the Configured NSSAI as part of the UE context so the NG-RAN, can indicate to the UE, if there are any band-specific slices that are supported in the frequencies provided to the UE, and which of the Configured NSSAI S-NSSAI(s) work in each of the bands in the CellReselectionPriorities list indicated to the UE. The network also should attempt to steer the UE only to bands where there are slices that the UE can potentially use, with priority to the bands in the Allowed NSSAI taking also into account the rejected S-NSSAIs if received from the AMF. The AMF decides whether to send the rejected S-NSSAIs to the UE based on policy, e.g. when it has to allocated a default S-NSSAI because the requested NSSAI was not supported in the TA where the UE is.
When the RAN receives a list of rejected S-NSSAIs for the UE, it should attempt to provide to the UE a CellReselectionPriorities in RRC Connection Release with bands that should include these S-NSSAIs, if such bands are available in neighbour cells of the cell where the UE currently is. These should be prioritised so the UE can attempt to use these. The NG-RAN also indicates for each frequency in the CellReselectionPriorities list which S-NSSAI(s) of the Configured NSSAI are supported in this frequency if the frequency supports band specific slices.
The NG-RAN should also always attempt to provide the UE with camping policies that allow the UE to camp on cells that can potentially serve the greatest possible number of S-NSSAIs of the Configured NSSAI S-NSSAIs, if possible, and also avoid that the UE is provided priorities in bands that support none of the S-NSSAIs the UE can potentially register with (i.e. the RAN shall not provide the UE with a frequency priority placing it where none of the slices in the configured NSSAI can work).
If the AMF cannot support certain S-NSSAI of the Configured NSSAI, it also indicates this information to the NG-RAN (as part of the UE context or in any N2 message causing the NG-RAN to release the UE RRC connection if no UE context is yet present in the RAN) so the NG-RAN informs the UE when releasing the RRC connection whether some S-NSSAI in the Configured NSSAI it sends to the UE in the CellReselectionPriorities in the RRC connection Release message require the UE to not send the GUAMI and S-TMSI so the UE is assigned to a more optimal AMF right away, or, if the NSSAI cannot be included, to a default AMF. 
[bookmark: _Toc43397076][bookmark: _Toc43483473][bookmark: _Toc43483767][bookmark: _Toc50473134][bookmark: _Toc50539454][bookmark: _Toc50539844]6.x17.2	High-level Description
The following sequence of events are envisioned:
1.	The Band-specific Network Slices is are created supporting specific radio spectrum to support vertical requirements, and other Network Slices, e.g. eMBB, are created supporting all the the radio spectrum available for the operator;
2.	The UE has a subscription for both the vertical Network Sliceband-specific Network Slices and an eMBB Network Slice;
3.	The subscription for the UE includes the vertical S-NSSAIat least a band-specific Network Slice and eMBB S-NSSAI and the eMBB S-NSSAI is marked as default;
4.	The UE has been registered in the network and been configured with a Configured NSSAI and provided an Allowed NSSAI including the eMBB but not the vertical Network Sliceany band-specific Network Slice;
5.	The UE/user decides to use the vertical S-NSSAIband-specific Network Slice and therefore issues a Requested NSSAI with onlyat least a the vertical S-NSSAI band-specific Network Slice..
6.	If at least one S-NSSAI in the Requested NSSAI is not allowed in the current TAI, and The AMF may provide to the RAN the rejected S-NSSAIs in addition to the Allowed NSSAI and the Configured NSSAI to the NG-RANthe 5GC decides that the not allowed S-NSSAI is preferred e.g. over any other S-NSSAI only available in the current TAI, the 5GC derive a Target NSSAI that is same as the Requested NSSAI (excluding any S-NSSAIs that are e.g. rejected for the PLMN or not allowed with the preferred S-NSSAI)
7.	The 5GC provides NG-RAN with a Target NSSAI and corresponding RFSP as to allow NG-RAN to move steer the UE according to the received informationly.
The NG-RAN, provides the UE with the list of S-NSSAIs among the S-NSSAIs of the configured NSSAI which can be used in each band of the CellReselectionPriorities list which supports band-specific Network Slices (i.e. a band that supports all the S-NSSAIs of the configured NSSAI needs not be associated with a list of S-NSSAIs).
[bookmark: _Toc43397077][bookmark: _Toc50473135][bookmark: _Toc50539455][bookmark: _Toc50539845]6.x17.3	Procedures
Existing procedures are used with the changes shown (in bold) in the following Figure 1 showing the information flow for when a UE registers from a TA that is defined to not be supported by any of the S-NSSAIs in the Requested NSSAI.





Figure 6.x17.3-1: UE requests to be registered to verticalband-specific S-NSSAI while not using the radio spectrum defined for the verticalband-specific Network Slice
The steps of Figure 6.x17.3-1 are as follows:
1.	The UE decides to use VerticalBand-specific S-NSSAI and sends a Registration Request (Requested NSSAI=VerticalBand-specific S-NSSAI), the RRC includes the GUAMI. NG-RAN selects AMF as per current procedures i.e. this can be done from CM-IDLE or CM-CONNECTED; if the UE was already CM-CONNECTED, the RAN already is assumed to have in the UE context the Allowed NSSAI, the Configured NSSAI and also the Direct AMF selection information.
2.	The AMF and, if necessary, NSSF performs Network Slice selection. As the VerticalBand-specific S-NSSAI is not defined for the current TAI, the AMF and, if applicable, the /NSSF selects the eMBB S-NSSAI as Allowed NSSAI due to it is defined as the default Subscribed S-NSSAI. If the NSSF determines the UE is better served by the S-NSSAIs of the Requested NSSAI (or a subset of it), then NSSF also returns a Target NSSAI;
3.	The AMF sends an N2 message to the NG-RAN with , if the UE was CM-IDLE, Allowed NSSAI, Configured NSSAI, rejected S-NSSAI and any Direct AMF selection information, and the NAS message that includes the eMBB S-NSSAI as Allowed NSSAI and the Band-specific S-NSSAI as a rejected S-NSSAI for the RA; if the UE was CM-CONNECTED, the AMF just updates the NG-RAN UE context with rejected S-NSSAIs.
The Allowed NSSAI has not been changed, but the fact that at least one of the S-NSSAIs in the Requested NSSAI is not allowed in the current TAI or that NSSF has provided a Target NSSAI is taken as a trigger for AMF Policy Update towards the PCF, the AMF provides Allowed NSSAI, Subscribed RFSP and also a Target NSSAI with either the content of the Requested NSSAI, where the AMF removes any S-NSSAI in Requested NSSAI that is not a Subscribed S-NSSAI or the Target NSSAI provided by the NSSF;
4.	The PCF selects RFSP for both the Allowed NSSAI and the Target NSSAI (without considering the curent TAI) and sends both to the AMF;
5.	The AMF sends an N2 message to the NG-RAN with Allowed NSSAI and the corresponding RFSP Index, and in addition the AMF sends the Target NSSAI and the corresponding RFSP Index, and the NAS message that includes the eMBB S-NSSAI as Allowed NSSAI and the Vertical S-NSSAI as a rejected S-NSSAI for the RA;
6.	The NG-RAN forwards the NAS message to the UE;
57.	The NG-RAN determines the Radio Spectrum to be used in order to allow UE access to the Target NSSAI and as the NG-RAN got the additional Target NSSAI and RFSP Index for the Target NSSAI the NG-RAN decides to move the UE accordinglybased on the information received from the AMF;
68.	The NG-RAN issues an RRC Release and includes cell reselection priorities and the associated information of any band that only supports some Network Slices in the Configured NSSAI (whether in backlist of whitelist form is up to stage 3), and also any indication that certain S-NSSAIs are not supported by the current AMF so the UE can register without including the GUAMI and S-TMSI and include the NSSAI if required. or the NG-RAN performs a Reconfiguration and moves the UE according to the RFSP for the Target NSSAI; Alternatively, if the UE has ongoing PDU sessions which can work in the target band (because the target band supports the eMBB network slice, in this case) that work in the current TA, the RAN can handover the UE to a suitable band directly outside the RA based on policy, and if so the step 7 is skipped. If the UE was handed over to a new TA as it was in CM-CONNECTED state, the NG-RAN removes the rejected S-NSSAIs form the UE context or, if it is handing over the UE to another NG-RAN node, it does not pass to the target NG-RAN the rejected S-NSSAIs. the NG-RAN adds in the RRC connection reconfiguration the list of S-NSSAIs available in the new TA.
[bookmark: _Hlk49155454]NOTE:	Steps 46 and 68 can possibly be done at the same time, i.e. it is up to NG-RAN. When moving the UE the NG-RAN takes into account UE radio capabilities, as per current specifications.
79.	The UE performs cell reselection if it was caused to become idle by the NG-RAN.
8.	The UE realizes that the TAI of the selected cell is outside of the RA and issues a Registration Request and includes the VerticalBand-specific S-NSSAI in the Requested NSSAI as the UE still wants to register to that Network Slice and the VerticalBand-specific S-NSSAI was previously only rejected for the RA (i.e. as per existing logic);
109.	Network Slice selection may be is performed as per current procedures if required.
101.	The AMF sends a Registration Accept as per current procedures and includes the VerticalBand-specific S-NSSAI as in the Allowed NSSAI.
	If the eMBB slice is not supported for the radio spectrum dedicated to the verticalband-specific Network Slice (i.e. not only a preference), the PDU Sessions for eMBB are released as per existing procedures e.g. using PDU Session status.
NOTE:	If the eMBB slice is not available on the radio spectrum dedicated to the verticalband-specific Network Slice, as these Network Slices are to be isolated, when an application in the UE requires connectivity for eMBB, the whole procedure is repeated with the UE adding the eMBB slice in a Requested NSSAI.
Editor's note:	How the UE can know what s-NSSAI set is really supported once it moves to a new band is left undetermined in complex scenarios. This solution should clarify how the UE exists from an infinite loop of attempts if it "hopes" the network finally has given to it the band it really needs. In other word it is not ensured that the solution will provide a deterministic band that the UE can use to select the S-NSSAIs it intends to use as the UE is given no indication other by means of rejections of what S-NSSAI the band does not support.
Subsequently, if the UE moves to a new band within the same RA, the UE can continue to use the Allowed NSSAI as is. If the UE wants to use another set of S-NSSAIs, the UE issues a Requested NSSAI as per procedure in figure 6.17.3-1, and if there is a need to move the UE the same procedure is re-used. Consequently, there is no need for the UE to know which S-NSSAIs are supported on specific frequency bands as the network controls the AS resources to use and the UE is moved by existing RRC means to the AS resources to use.
NOTE:	in the event the UE requests multiple S-NSSAI (sets) that require separate frequency bands not possible to support at the same time, the solution may result in more registration attempts.

[bookmark: _Toc43397078][bookmark: _Toc43483474][bookmark: _Toc43483768][bookmark: _Toc50473136][bookmark: _Toc50539456][bookmark: _Toc50539846]6.x17.4	Impacts on services, entities and interfaces
The impacts to the 5GS entities are the following:
UE:
-	No impacts foreseen for legacy UEs as the UE ignores the additional info in RRC connection release making it aware of whether certain bands only support certain s-NSSAIs, and also the "direct AMF selection information". If the UE is supporting Ue, then it uses the information the RAN provides to understand which bands support band specific slices in the priority list the RAN provides, it also can understand whether to request NSSAI without inclusion of GUAMI/GUTI when the AMF has indicated to RAN it does not support certain S-NSSAIs in the configured NSSAI and the RAN provides this information to the UE when it is released.
NG-RAN:
-	Support getting additional Target NSSAI and and RFSP Index for the Target NSSAI, and support moving the UE accordingly.taking into account the Configured NSSAI and rejected S-NSSAIs when providing CellReselectionPriority list to the UE, storing Configured NSSAI and any direct AMF selection information, provision of additional information in RRC connection release or RRC connection reconfiguration as indicated above.
AMF:
-	Support a new or extended Policy Control Request Trigger condition when Allowed NSSAI is based on default Subscribed S-NSSAI(s) due to Requested NSSAI was not supported in the current TAI;
-	Support providing Target NSSAI to the PCF in the Npcf_AMPolicyControl_Update Request message, and support receiving RFSP Index for the Target NSSAI in the Npcf_AMPolicyControl_Update Response message;
-	Support providing Target NSSAI and RFSP Index for the Target NSSAI to NG-RAN in an N2 messageproviding configured NSSAI, rejected NSSAI and any Direct AMF selection info to the NG-RAN as indicated above.
NSSF:
-	. Decision to provide a Target NSSAI to the AMF.
PCF:
-	Support determining an RFSP for the Target NSSAI, and
-	Support extending the Access and mobility related policy control information with RFSP Index for the Target NSSAI.
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