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1. Introduction
SA2 has progressed on the topic of slice grouping. The LS in [1] reports that a slice group is referred as NSAG (Network Slice AS Group) by SA2. The LS also mentions:
SA2 confirms that the mapping of slice to the slice group is per TA, and slice group priority is sent to the UE over NAS message by the AMF. […]
SA2 would like to emphasize that the support of network sharing is required for all features unless agreed otherwise so an optional PLMN index indication or a similar concept should be considered to be added as part of the slice group format in SIB.
SA2 has also agreed a number of CRs attached to the LS in [1]. The CR in [2] states the following description, which is perhaps the most relevant for the work RAN3 needs to carry out:

[bookmark: _Hlk94259174]5.15.x	Network Slice AS Groups support
The RAN may support Network Slice AS Groups (NSAGs) which are used as specified in TS 38.300 [27], TS 38.304 [50]. A Network Slice AS Group may be valid in one or more Tracking Areas. The RAN provides (and updates) the AMF with the values of the NSAG(s) an S-NSSAI is associated with in a TA using the NG Set Up and RAN Configuration Update procedures (see TS 38.413 [34]). The AMF in turn provides this information to the NSSF.  In deployments where the total number of groups does not exceed the number of groups associated with the NSAG size limit defined in TS 38.331[28]), all the NSAGs configured in the RAN may be unique per PLMN. 
If the UE has indicated that the UE supports NSAG in the 5GMM Core Network Capability (see clause 5.4.4a), the AMF may, with or without NSSF assistance, configure the UE with NSAG Information e for one or more S-NSSAIs in the Configured NSSAI, by including this NSAG Information in the Registration Accept message or the UE Configuration Command message. The UE uses the NSAG Information as defined in clause 5.3.4.3.1. The AMF shall indicate in the NSAG Information in which TA a specific NSAG association to S-NSSAI(s) is valid if the AMF provides in the UE configuration a NSAG value which is used in different TAs with a different association with NSSAIs. The configuration the AMF provides includes at least the NSAGs for the UE for the TAs of the Registration Area.
The UE shall store and consider the received NSAG Information, valid for the Registered PLMN until:
-	the UE receives new NSAG information in a Registration Accept message or UE Configuration Command message in this PLMN; or 
-	the UE receives a Configured NSSAI without any NSAG information in this PLMN. 
The UE shall store the currently valid NSAG information received in the registered PLMN when registered in this PLMN and: 
-	The UE should be able to store the NSAG information for at least the R-PLMN and equivalent PLMNs
-	Only the RPLMN can provide NSAG information to the UE 
-	There can be at most 32 groups configured in the UE at a time for a PLMN
-	At most 4 NSAGs can have an optional TAI associated with it.
The NSAG information is not required to be stored after power off or after the UE becomes Deregistered as it is not used for cell selection. A S-NSSAI can be associated with at most one NSAG values for RACH and at most one NSAG value for Cell Reselection within a Tracking Area. A S-NSSAI can be associated with different NSAG values in different Tracking Areas.
Another important piece of information is the agreement RAN2 took on slice grouping in TS38.331. RAN2 has agreed to introduce a new SIB carrying slice specific cell reselection priorities. An excerpt from TS38.331 is provided below:
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SIB16 contains configurations of slice specific cell reselection information.
SIB16 information element
-- ASN1START
-- TAG-SIB16-START

SIB16-r17 ::=                    SEQUENCE {
    freqPriorityListNRSlicing-r17    FreqPriorityListNRSlicing-r17            OPTIONAL,  -- Need R
    lateNonCriticalExtension         OCTET STRING                             OPTIONAL,
    ...
}

-- TAG-SIB16-STOP
-- ASN1STOP

	SIB16 field descriptions

	freqPriorityListNRSlicing
This field indicates cell reselection priorities for slicing.
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The FreqPriorityListNRSlicing indicates cell reselection priorities for slicing.
FreqPriorityListNRSlicing information element
-- ASN1START
-- TAG-FREQPRIORITYLISTNRSLICING-START

FreqPriorityListNRSlicing-r17 ::= SEQUENCE (SIZE (0..maxFreq)) OF FreqPriorityNRSlicing-r17

FreqPriorityNRSlicing-r17 ::=     SEQUENCE {
    sliceInfoList-r17                     SliceInfoList-r17                                               OPTIONAL,  -- Need R
    ...
}

SliceInfoList-r17 ::=             SEQUENCE (SIZE (1..maxSliceInfo-r17)) OF SliceInfo-r17

SliceInfo-r17 ::=                 SEQUENCE {
    sliceGroupID-r17                  SliceGroupID-r17,
    cellReselectionPriority-r17       CellReselectionPriority                                             OPTIONAL,  -- Need R
    cellReselectionSubPriority-r17    CellReselectionSubPriority                                          OPTIONAL,  -- Need R
    sliceCellListNR-r17               CHOICE {
        sliceAllowCellListNR-r17          SliceCellListNR-r17,
        sliceExcludeCellListNR-r17        SliceCellListNR-r17
    }                                                                                                     OPTIONAL,  -- Need R
    ...
}

SliceGroupID-r17 ::=              BIT STRING (SIZE(8))    -- The size is FFS, depends on slice group granulartiy

SliceCellListNR-r17 ::=           SEQUENCE (SIZE (1..maxCellSlice-r17)) OF PCI-Range

-- TAG-FREQPRIORITYLISTNRSLICING-STOP
-- ASN1STOP

	FreqPriorityListNRSlicing field descriptions

	FreqPriorityListNRSlicing
Indicates the list of frequency priority information for frequencies. The 1st entry in the list corresponds to the current frequency (referring SIB2), the 2nd entry in the list corresponds to the first frequency indicated by the InterFreqCarrierFreqList in SIB4, and the 3rd entry in the list corresponds to the second frequency indicated by the InterFreqCarrierFreqList in SIB4, and so on.

	sliceAllowCellListNR
Indicates the list of allow-listed neighbouring cells for slicing. If present, cells not listed in this list do not support the corresponding sliceGroup-frequency pair.

	sliceCellListNR
Indicates the list of allow-list or exclude-listed neighbour cells for slicing. If sliceInfo-r17 corresponds to the current frequency, this field should be absent. FFS if the field can be provided in RRCRelease.

	sliceExcludeCellListNR
Indicates the list of exclude-listed neighbouring cells for slicing. If present, cells not listed in this list support the corresponding slice sliceGroup-frequency pair.




This paper analyses the work needed in RAN3 to support NSAGs and makes proposals on how to amend RAN3´s specifications.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
In order to understand how the overall NSAG support solution works it is worth to isolate some of its building blocks.
The agreed SA2 CR in [2] states that:
The RAN provides (and updates) the AMF with the values of the NSAG(s) an S-NSSAI is associated with in a TA using the NG Set Up and RAN Configuration Update procedures (see TS 38.413 [34]).

The above implies that the RAN has been configured by OAM with the NSAGs to be used and the S-NSSAIs they are mapped to per TA and that the RAN signals such NSAG definitions per TA to the CN. In particular, in case of split RAN, the OAM would configure NSAGs at the gNB-DU, in a similar way as the OAM configures supported S-NSSAIs at the gNB-DU
Observation 1: an NG-RAN node (a gNB-DU in case of split RAN)  is configured by the OAM with NSAGs to be used and with mapping of NSAG to S-NSSAIs per TAI
The other implication is that there are impacts on the NGAP interface to allow the RAN to signal the NSAG definitions to the AMF.
Observation 2: The NGAP needs to be enhanced to allow a RAN node to signal used NSAG per TAI and mapping of NSAG to S-NSSAIs to the AMF (both at NG SETUP and at RAN CONFIGURATION UPDATE)

The CR in [2] also mentions that, for those UEs supporting the NSAG capability, the AMF may configure the UE via NAS with NSAG to S-NSSAI mapping information for one or more S-NSSAIs in the Configured NSSAI. If an NSAG is reused in more than one TA, the AMF will also configure the UE with the TA where the NSAG to S-NSSAI mapping is valid.


Observation 3: For those UEs supporting the NSAG capability, the AMF provides via NAS the following information for one or more S-NSSAIs in the UE´s Configured NSSAI:
· Mapping between NSAG and S-NSSAIs for NSAGs not reused in the RA
· Mapping between NSAG and S-NSSAIs and TA, for those NSAGs that are reused within the RA 

Finally, the agreements from RAN2 state that SIB16 includes information about the frequency and frequency priority associated to a specific NSAG
Observation 4: The NG-RAN broadcasts over SIB16 the mapping between NSAG – frequency – frequency priority. This allows the UE to determine which frequency to reselect (and with what priority)  for the highest priority slice or NSAG.

It is important to note that there are more sub-cases in the overall NSAG support solution, but for the sake of simplicity it is proposed to focus on the use case outlined by the observations above, which represents the main use case for RAN3.
With the observations above in mind, the following diagram represents how the NSAG support solution works.



Figure 1: Example of message sequence chart for NSAG support solution

One important aspect of the use case in Figure 1 concerns how a UE can become aware of NSAGs supported by cells in neighbouring TAs.  
Namely, how to solve the case where the UE in Step 6 would need to reselect a cell in a TA/frequency that supports slices with highest priority which are not supported by the currently selected cell. Hence, the question is how can SIB16 of the camping cell contain information on frequency/frequency-priorities that allow the UE to reselect the right cell/TA/frequency serving the highest priority slice/slice group.
A simple solution to this problem consists of allowing the OAM to configure the NG-RAN with the following information concerning slices that are not supported in the current cell/TA and that are supported in neighbour TAs:
· OAM configures mapping between S-NSSAIs supported in neighbour TAs (and not supported in serving cell) and a new NSAG 
· OAM configures mapping between Frequency/Frequency Priority and the new NSAG

With this configuration the serving RAN is able to broadcast in SIB16 the new NSAG information that allows the UE to re-select to frequencies where neighbour TA´s S-NSSAIs are supported. The figure below explains the solution.



Figure 2: Example of OAM based configuration of NSAGs at serving RAN for slices served in neighbour TAs

It is important to note that the solution described in Figure 2 allows to avoid broadcasting of NSAGs with an added TAI. 
Indeed, if the serving RAN had to broadcast NSAG 2, it would also have to broadcast the additional TAI2, in order to let UEs understand that NSAG2 is defined in TAI2.
In order to reduce as much as possible the bits in SIB16, Serving RAN can broadcast NSAG11 (which is not reused in other TAs) and map such NSAG11 to S-NSSAI C and S-NSSAI D of the neighbour RAN. This avoids broadcasting the TAI.

If the procedures in Figure 1 and in Figure 2 are combined, Figure 3 can be obtained, where the overall message sequence chart is described.


Figure 3: Overall solution for NSAG support, based on OAM configuration of NSAGs including neighbour supported S-NSSAIs

The solution in Figure 3 has the following advantages:
· It enables to avoid the broadcast of additional TAI over SIB16 for NSAGs defined for  neighbour TAs. This is an important aspect as a TAI would consist of additional 6 octets 
· Considering that supported S-NSSAIs in serving and neighbour cell/TAs do not change often, there is no need to often add/change NSAG definitions for a TA, i.e. they are rather static information. The solution leaves configuration of such information to the OAM. This is the right approach for information that seldom change.
· The solution reduces the impact on RAN3 specifications, limiting it only to the addition of the NSAG support list over the NG interface.
3. Further considerations
One more aspect to consider is that the RAN remains totally unaware of the slice/slice-group priorities assigned to the UE via NAS. This has a number of drawbacks, because the RAN is unaware about where the UE may reselect and eventually move to RRC_CONNECTED.
It should be noted that so far the RAN has been always aware of the frequency reselection policy/priorities applied to the UE. In fact, such policies have so far been broadcast over the SIBs, hence they were fully under RAN domain. However, while frequency priorities per slice group are still broadcast and known by the RAN, the solution defined by SA2 implies also that slice/slice group priorities are signalled to the UE via NAS. The RAN is not aware of the slice/slice group priorities the AMF signals to the UE via NAS.
Not knowing slice/slice group priorities assigned to a UE would cause the following drawbacks:
· For UEs in RRC_INACTIVE, the RAN is not able to optimise RAN paging and page the UE over the frequencies/TAs with highest priority
· The RAN is not able to estimate how load will be affected by UEs moving from RRC_IDLE/INACTIVE to RRC_CONNECTED
· In case the RAN signals to the UE frequency priorities per slice group in RRC Release, the RAN is not able to adjust such information to the UE
Observation 5: The RAN is unaware of the slice/slice group priorities assigned to a UE via NAS. This prevents the RAN from optimising processes such as RAN paging, load balancing, dedicated slice/slice group priority signalling
It is acknowledged that the above issue may be addressed after RAN3 agrees on a first solution to support slice grouping. Nevertheless, RAN3 should acknowledge the issue and make sure that a discussion may take place in the coming meetings on how to fix this problem. 
4. Way forward
In light of the analysis in section 2 and section 3, the following proposals are brought forward:
Proposal 1: Agree to add an NSAG support list over NG: NG SETUP REQUEST and NG: RAN CONFIGURATION UPDATE
Proposal 2: Agree that OAM configures to the RAN NSAG information for all NSAGs used in a cell, including NSAG’s mapping to S-NSSAIs only supported in neighbour cells.
Proposal 3: Agree to the CRs in [3], [4], [5] reflecting the above proposals
Proposal 4: Agree to further discuss the issue of how to make the RAN aware of the slice/slice group priorities signalled to the UE via NAS
3. Conclusion
[bookmark: _Toc423020280]In this paper solutions for support of NSAGs were analysed. The paper derived the following observations and proposals:
Observation 1: an NG-RAN node (a gNB-DU in case of split RAN)  is configured by the OAM with NSAGs to be used and with mapping of NSAG to S-NSSAIs per TAI
Observation 2: The NGAP needs to be enhanced to allow a RAN node to signal used NSAG per TAI and mapping of NSAG to S-NSSAIs to the AMF (both at NG SETUP and at RAN CONFIGURATION UPDATE)
Observation 3: For those UEs supporting the NSAG capability, the AMF provides via NAS the following information for one or more S-NSSAIs in the UE´s Configured NSSAI:
· Mapping between NSAG and S-NSSAIs for NSAGs not reused in the RA
· Mapping between NSAG and S-NSSAIs and TA, for those NSAGs that are reused within the RA 
Observation 4: The NG-RAN broadcasts over SIB16 the mapping between NSAG – frequency – frequency priority. This allows the UE to determine which frequency to reselect (and with what priority)  for the highest priority slice or NSAG.
Observation 5: The RAN is unaware of the slice/slice group priorities assigned to a UE via NAS. This prevents the RAN from optimising processes such as RAN paging, load balancing, dedicated slice/slice group priority signalling

Proposal 1: Agree to add an NSAG support list over NG: NG SETUP REQUEST and NG: RAN CONFIGURATION UPDATE
Proposal 2: Agree that OAM configures to the RAN NSAG information for all NSAGs used in a cell, including NSAG’s mapping to S-NSSAIs only supported in neighbour cells.
Proposal 3: Agree to the CRs in [3] and [4] reflecting the above proposals
Proposal 4: Agree to further discuss the issue of how to make the RAN aware of the slice/slice group priorities signalled to the UE via NAS
Proposal 5: Send an LS to SA2 and RAN2 to notify them of the progress achieved by RAN3, see [5]

RAN3 is invited to discuss the solution proposed and to agree to the proposals outlined.
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