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Abstract: This paper provides further updates to address the related RAN2 discussions and agreements for KI#7.
1. Introduction
This pCR provides further updates of the conclusion for Key Issue #7, titled, “Support of 5GC assisted cell selection to access network slice”. 
RAN2 agreements as per RAN2 chair notes available here:

Agreements

1	For cell reselection scenario, RAN2 to agree the following:
	To assist cell reselection, RAN can broadcast the supported slice info of the current cell and neighbour cells, and cell reselection priority per slice. The slice info may be: providing only SST, on-demand SIB, SIB segmentation, slice grouping (if any), or slice associated UAC information where other solutions are not precluded. Details can be discussed in WI phase.
2	Agree on adding the slice info (with similar information as agreed slice info in SI message) in RRC release message. Details can be discussed in WI phase.
3	Not pursue the solution of adding the intended slice for MT access in slice specific cell (re)selection.
4	The following solutions are recommended for normative work:
-	To assist cell reselection, RAN can broadcast the supported slice info of the current cell and neighbour cells, and cell reselection priority per slice
-	adding the slice info (with similar information as agreed slice info in SI message) in RRC release message
How to ensure UE doesn't lose coverage due to slice prioritization can be considered in WI phase.

Agreements

1	For cell selection scenario, RAN2 may discuss during WI whether to broadcast supported slice of serving cell in SI message and how to solve SIB1 concerns.


Discussion
Providing S-NSSAI in SIB has been discussed before and it was agreed that the S-NSSAI is not suitable for broadcast due its:
-	Size, and
-	privacy
Therefore, if RAN2 progresses providing slicing information in SIB then S-NSSAI is not suitable and alternatives should be considered. Alternatives has been discussed in RAN2 as:
"The concerns on security and SIB payload size for broadcasting slice related cell selection info need to be resolved in WI phase(e.g. providing only SST, on-demand SIB, SIB segmentation, slice grouping or slice associated UAC information)."
Using only the SST would not be enough as it would not give the possibility to differentiate different requirements for network slices, and to some extent the privacy issue may still remain. SIB segmentation could be possible from a size perspective, but does not solve the privacy aspect. Slice association to UAC information could be possible, but the slice information in UAC is limited in size and the UAC grouping is for a different purpose i.e. a grouping to handle congestion situations rather than per frequency or per area consideration. What is left is the "slice grouping"
OBSERVATION 1: The S-NSSAI is not suitable to be provided in SIB.
PROPOSAL 1: If network slice information is to be provided in SIB, then some "slice grouping " is preferred.
The slice grouping is in this context an issue for RAN2 scope from an RRM perspective and not used within the 5GC and therefore the groups can be tied to the RRM e.g. the slice groups can be called Radio Resource Slice Group (RRSG). As NG-RAN gets configured by OAM the RRSG is configured in NG-RAN by OAM.
PROPOSAL 2: Define the slice groups as Radio Resource Slice Group (RRSG).
As the S-NSSAI association to RRSG would be network specific (PLMN or SNPN) the information cannot be assumed to be known by the UE before the UE registers the first time to the network. Therefore, the UE would need to be provided with the S-NSSAI to RRSG association upon the registration to the network and possibly by updated with the information at subsequent registration in the same way as the UE is updated with new Configured NSSAI and Allowed NSSAI.
PROPOSAL 3: The UE is provided with the S-NSSAI and RRSG association at Registration procedures.
The SIB information listed by RAN2 was (replacing "slice info" with RRSG):
a.	List of supported RRSG for current cell
b.	List of supported RRSG for neighbour cells
c.	Cell reselection priority per RRSG
The cell reselection priorities seem transparent to 5GC and makes it possible for the UE to apply prioritized cell res-selection based on S-NSSAIs in Allowed NSSAI and S-NSSAIs that the UE intends to register in Requested NSSAI.
However, list of supported RRSG would imply that the cells of the TA includes non-homogeneous support of S-NSSAIs.
Propagating a per cell level information of network slices to 5GC would considerably increase the complexity and require further study unless the 5GC can handle the support of network slices as homogenously supported in all cells of the TA with some minor additional logic.
PROPOSAL 4: The existing 5GC logic of assuming all cells of a TA supports the same S-NSSAIs is kept.
NOTE:	Proposal 4 implies that the TAI list of the RA and the associated Allowed NSSAI can be assigned as per current specifications e.g. assigning RA considering the mobility of the UE.
The usage of "supported" in the RAN2 agreement "RAN can broadcast the supported slice info of the current cell and neighbour cells" is not clear. Following interpretations are possible:
1.	SIB lists the network slices (e.g. the RRSG) that the cell is defined to handle. Other network slices will not be allowed to be "registered" when the UE camps or uses the cell.
2.	SIB lists the network slices (e.g. the RRSG) that the cell is defined to serve with Radio Resources dedicated for the slice. The network may choose to use CA/DC to serve the UE with Radio Resources dedicated for the slice. Any slice can be "registered" i.e. in the Allowed NSSAI but no functionality requiring radio resources specifically for the slices not part of the "supported slices" are allowed. Activation of User Plane for a PDU Session is not allowed in such cases. UE needs to perform cell reselection to select suitable cell supporting the S-NSSAI's associated RRSG;
3.	SIB lists the network slices (e.g. the RRSC) that the cell is prepared to serve with service quality required by the SLA’s of the slices. A UE may be served in the cell, but RAN may not be able to serve it with e.g. required QoS?

The usage of "supported" in the RAN2 agreement "RAN can broadcast the supported slice info of the current cell and neighbour cells" is not clear from a UE logic perspective. Following interpretations are possible:
1. UE can try to register or establish a PDU Session and activate UP for an S-NSSAI associated to an RRSG not listed in SIB as supported by the cell, while UE is not in the coverage of other cell/frequency that supports such RRSG
a. UE can rely upon network logic to steer the UE to another cell or to enable e.g. CA, DC, or support access to the slice with limited QoS
2. UE cannot try to register or establish a PDU Session and activate UP for an S-NSSAI associated to an RRSG not listed in SIB as supported by the cell
a. Unless UE can re-select to other cell with S-NSSAI associated to an RRSG listed in SIB, UE can not get access to the network slice.
PROPOSAL 5: Send an LS to RAN2 asking for clarification of the intended UE and network logic for cells indicating "supported slice info of the current cell and neighbour cells". 
NOTE:	LS out in S2-2100935 contains a draft LS out proposal.
Conclusion
The following observations have been made:

The following proposals have been made:

Proposal
Based on the above observations and proposals, it is proposed to add the following in the TR 23.700-40.
*** Start of Changes ***
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This solution addresses KI#7.
The principles of the solution is that NG-RAN broadcast on a per cell basis the network slice specific information as to steer the UE logic with regards to cell (re)selection dependent on Network Slice the UE uses.
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The following sequence of events are envisioned:
1.	Network Slice is created supporting specific radio spectrum to support vertical requirements, and other Network Slices, e.g. eMBB, are created supporting all the radio spectrum available for the operator;
2.	The NG-RAN and AMF exchange support of S-NSSAIs as per current specifications i.e. AMF indicates the S-NSSAIs the AMF supports and the NG-RAN indicates the S-NSSAIs the NG-RAN support per TA;
3.	The UE has a subscription for one or more S-NSSAIs and at least one S-NSSAI has specific requirements in relation to specific cells the S-NSSAI is to be available or specific frequency band requirements S-NSSAI;
4.	The S-NSSAIs requiring specific NG-RAN control are assigned Radio Resource Slice Group (RRSG) values. One or more S-NSSAIs may get the same RRSG value assigned. 
5.	The NG-RAN gets configured by O&M which RRSG to broadcast per cell. The cell may broadcast RRSG values in ….
a.	List of supported RRSG for current cell
b.	List of supported RRSG for neighbour cells
c.	Cell reselection priority per RRSG
6.	When the NG-RAN release the UE with RRC release message, the NG-RAN may, as per current specifications, indicate dedicated cell reselection priorities corresponding to the S-NSSAIs that the UE currently uses (Allowed NSSAI or S-NSSAIs of PDU Sessions with active UP), the NG-RAN may in addition indicate dedicated cell reselection pririties per RRSG;
a.	The UE prioritizes the NG-RAN provided dedicated cell reselection priorities per RRSG over the cell reselection priority per RRSG indicated in SIB;
7.	AMF and NSSF may use RRSG as input in the network slice selection for the UE e.g. if UE does not support RRSG the S-NSSAIs associated to RRSGs may be omitted from being included in the Allowed NSSAI and Configured NSSAI.
8.	To allow the NG-RAN to differentiate the paging, the paging message from the 5GC to NG-RAN may include the list of RRSG (or S-NSSAIs) that the paging is related to.
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Existing procedures are used with the changes shown (in bold) in the following Figure 6.x.3-1.


Figure 6.x.3-1: UE requests to be registered to network and some S-NSSAIs are assigned RRSG values.
The steps of Figure 6.x.3-1 are as follows:
1.	The NG-RAN and the AMFs exchange the support of S-NSSAIs as per current TS 38.413;
2.	The UE performs network selection as per current means (as UE is initially not configured with any slicing information).
3.	The UE sends a Registration Request indicating that the UE supports RRSG functionality, but without any Requested NSSAI as the UE has no slicing configuration for the PLMN;
4.	The NG-RAN forwards the NAS message to the selected AMF. 
5.	The AMF and, if supported, the NSSF performs Network Slice selection. AMF sends the Nssf_NSSelection request to the NSSF. Optionally the request indicates that RRSG is supported i.e. both the UE and the AMF supports NSSG (the information can be provided as a parameter in the Nssf_NSSelection service operation message payload or using the feature negotiation mechanism specified in clause 6.6 of 3GPP TS 29.500);
6.	The NSSF response includes Allowed NSSAI and Configured NSSAI as per current specifications, but may also include one or more RRSG per S-NSSAI as per the configuration of the S-NSSAIs in the NSSF (derived at O&M phase and per SLA in case of roaming) i.e. for the S-NSSAI that are configured with any RRSG. If the AMF did not indicate support for RRSG, then NSSF may omit providing S-NSSAIs associated with RRSG.
7.	The AMF may ensures for UE that did not indicates support for the RRSG functionality that S-NSSAIs provided to the UE are not configured to be associated to some RRSG.
	As the UE has not yet been configured with any network slice information, the UE didn't request any specific S-NSSAI the Allowed NSSAI includes the S-NSSAI set as default S-NSSAI in the subscription which is not tied to any RRSG.
8.	The AMF sends the Registration Accept to the UE via NG-RAN as per current procedures and includes the list of RRSG per S-NSSAI (in the example only the S-NSSAI-2 of the Configured NSSAI of the serving network e.g. PLMN is associated to an RRSG-B). 
	The UE stores the received information;
9.	The UE decides, after a while, to register S-NSSAI-2 (e.g. an application associated to the S-NSSAI-2 initiates a communication). 
10.	S-NSSAI-2 is associated to RRSG-B and therefore the UE, that is in RRC Idle or RRC Inactive, performs a cell re-selection according to RRSG-B e.g. according to the cell reselection priorities for RRSG-B or to a cell supporting RRSG-B.
11.	When the UE has selected a cell that supports the RRSG of S-NSSAI-2, the UE sends a Registration Request indicating that the UE supports RRSG functionality and a Requested NSSAI with S-NSSAI-1 and S-NSSAI-2. 
12.	The NG-RAN forwards the NAS message to the selected AMF. 
13.	The AMF and, if supported, the NSSF performs Network Slice selection. AMF sends the Nssf_NSSelection request to the NSSF. Optionally the request indicates that RRSG is supported i.e. both the UE and the AMF supports NSSG (the information can be provided as a parameter in the Nssf_NSSelection service operation message payload or using the feature negotiation mechanism specified in clause 6.6 of 3GPP TS 29.500);
14.	The NSSF response includes Allowed NSSAI and Configured NSSAI as per current specifications, but may also include one or more RRSG per S-NSSAI i.e. for the S-NSSAI that are configured with any RRSG.
15.	The AMF may check the RRSG, i.e. if S-NSSAIs provided to the UE are configured to be associated to some RRSG then the UE is required to support the RRSG functionality.
16.	The AMF sends the Registration Accept to the UE via NG-RAN as per current procedures and includes in the NAS Registration Accept the list of RRSG per S-NSSAI (in the example the S-NSSAI-2 of the Allowed NSSAI (and Configured NSSAI) is associated to an RRSG-B);
	The UE stores the information and applies the applicable logic e.g. the UE includes the RRSG in cell re-selection logic, UE does not request to activate User Plane for an S-NSSAI for which the RRSG is not supported by the cell the UE uses.
A.	At a later point the 5GC/AMF performs the Network Triggered Service Request procedure as per TS 23.502 clause 4.2.3.3. The AMF includes a list of RRSG (or S-NSSAI) for the S-NSSAI(s) related to the service(s) the UE Network Triggered Service Request procedure is for. The AMF includes the RRSG only for UE's that support RRSG (i.e. the AMF stored the information that the UE supports RRSG in the UE context information in the AMF, see clause 5.2.2.2.2 of TS 23.502).
	The NG-RAN uses the list of RRSG (or S-NSSAI) in the paging logic e.g. priorities cells or performs paging only in cells supporting the RRSGs.
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The impacts to the 5GS entities are the following:
UE:
-	Indicates support for RRSG to AMF;
-	Performs cell reselection taking into account list of RRSG for S-NSSAIs the UE has registered and for the S-NSSAI that the UE request to be registered;
NG-RAN:
-	Provides RRSG information in SIB;
-	Takes into account list of RRSG at paging;
AMF:
-	Support RRSG functionality by indicating support to NSSG, and support receiving RRSG information from the NSSF;
-	Support extending the slicing information to the UE with list of RRSG per S-NSSAI;
-	Support indicating list of RRSG to NG-RAN at paging;
NSSF:
-	Takes into account RRSG at network slice selection e.g. does not provide an S-NSSAI in Allowed NSSAI in case the AMF does not indicate support of the RRSG functionality, and when RRSG is supported provides RRSG information associated to S-NSSAI configured with it.
*** Next Change ***

[bookmark: _Toc57131741][bookmark: _Toc57616481]8.7	Conclusion for Key Issue #7
Editor's note:	The following is an interim conclusion for the KI#7 and are subject to change dependent on RAN WGs feedback, and on evaluation of the new solutions agreed in SA2#141e..
The existing capabilities of the 5GS, e.g. the ability to steer UEs to certain frequencies based on RFSP, Allowed NSSAI and activated UP, together with a suitable resource partitioning of the NG-RAN resources, enable the 5GS to support the case where the network operator prefers that certain network slices use certain frequencies (certain network slices may get dedicated resources by NG-RAN resource partitioning in preferred frequencies).
Existing capabilities of the 5GS do not fully support the case where certain frequencies cannot be used to access a slice, in particular as described in clause 5.7 "how to select a particular cell that can be used to access the network slice(s) when the operator manages a different range of radio spectrums per network slice".
-	Existing (Rel-15/16) 5GS behaviour is that when the UE attempts to simultaneously register with slices that are not available in a common operating band, it is assumed that the some requested slices will be not allowed based on the network policies. The UE then can retry with a different Requested NSSAI if the current Allowed NSSAI is not suitable for its needs. This can result in several trials and errors till a stable state between UE and network is achieved. Or, if the S-NSSAI not allowed is provided as a Rejected S-NSSAI for the RA, the UE may wait to request the S-NSSAI until the UE moves out of the RA.
The following interim conclusions are agreed:
-	Serving specific S-NSSAI(s) per individual cells of a TA (e.g. if certain frequencies cannot be used to access a network slice or there is a wish to create an area for a specific set of network slices consisting of one or more cells within a TA) is achieved as follows:
-	From a 5GC perspective all cells of a tracking area support the same S-NSSAI(s) and the S-NSSAI(s) of the Allowed NSSAI are supported by all tracking areas in a registration area;
-	NG-RAN and the UE may support the availability of cells within a TA that does not support all the S-NSSAIs that NG-RAN indicated as supported to the AMF during NGAP SETUP. This is achieved by associating an S-NSSAI with one or more Radio Resource Slice Group (RRSG) and the NG-RAN broadcast to optionally include List of supported RRSG for current cell, List of supported RRSG for neighbour cells, and Cell reselection priority per RRSG.
-	The AMF and the NNSF may optionally assist the RRSG functionality by providing the UE with a list of RRSG an S-NSSAI is associated to e.g. in Allowed NSSAI and Configured NSSAI. Further, the AMF may provide a list of RRSG to NG-RAN at paging;
-	The UE may optionally support the RRSG functionality and take RRSG information into account at cell re-selection and not requesting to register an S-NSSAI or activate UP of an S-NSSAI when the RRSG associated to the S-NSSAI is not supported by the current cell.
Editor's note:	As per the statement GSMA statement "some terminals might be restricted in terms of frequencies to be used", the attribute may instead be understood as the vertical's terminal radio frequency support. It is FFS to clarify the GSMA's intention.


*** End of Changes ***
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