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1. Introduction
During RAN3-116e the following question was captured and discussions concerning it did not conclude:
RAN node needs to know the NSAGs information per TAI supported by neighboring node via Signaling or by OAM configuration?
In this paper such discussions are re-opened and a way forward is provided. 
Before diving into the topic it is worth recalling the status of Network Slicing work in Rel17 across the WGs that handled it.
During RAN-96e, a package of RAN3 CRs for Rel17 was approved in RP-221129. This package included the CRs agreed by RAN3 on slice grouping, namely R3-224051 and R3-224052. 
With this agreement RAN plenary declared the Rel17 WI on Enhancement of RAN Slicing as 100% complete. It should be noted that completion of the WI was discussed in light of progress at SA plenary. However, the following text was minuted as part of the RAN-96e minutes on document RP-221375:
[…] we don't need to discuss in RAN plenary on the details of SA company contributions, and the details should be left to SA plenary.  Therefore, based on current agreed CRs and conclusions in related WGs, the WI can be considered as 100% completion.

On the other hand, SA plenary discussed whether to approve further Rel17 CRs impacting the technical solution on slice grouping. The discussions so far concluded with a Working Agreement in favour of the CR package in SA-220412, which reflects the technical solutions on Network Slicing already known at RAN3-116e. Namely no changes to the already known solution were added by SA plenary. 
With the above in mind the following can be concluded:
Conclusion 1: The Rel17 WI on Enhancement of RAN Slicing has been successfully completed and closed in RAN2/RAN3. No more changes have been identified as needed in addition to the approved CR package for Rel17
And consequently
Conclusion 2: Any change concerning Enhancement of RAN Slicing solutions should be considered either as essential corrections to Rel17, or as technical enhancements for Rel18

2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
In order to understand whether there is a need for more Xn signalling in support of Slice Grouping, a first check should be made about what OAM is supposed to configure at the RAN. 
The OAM is in charge of configuring the RAN with slice group information that the RAN uses over the System Information broadcast. Herein SIB16 is reported as per TS38.331 v17.1.0
SIB16 information element
-- ASN1START
-- TAG-SIB16-START

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

-- TAG-SIB16-STOP
-- ASN1STOP

	SIB16 field descriptions

	freqPriorityListSlicing
This field indicates cell reselection priorities for slicing.



[bookmark: _Toc76423783][bookmark: _Toc100930133]–	FreqPriorityListSlicing
The IE FreqPriorityListSlicing indicates cell reselection priorities for slicing in SIB16.
FreqPriorityListSlicing information element
-- ASN1START
-- TAG-FREQPRIORITYLISTSLICING-START

FreqPriorityListSlicing-r17 ::= SEQUENCE (SIZE (1..maxFreqPlus1)) OF FreqPrioritySlicing-r17

FreqPrioritySlicing-r17 ::=     SEQUENCE {
     dl-ImplicitCarrierFreq-r17            INTEGER (0..maxFreq),
    sliceInfoList-r17                     SliceInfoList-r17                                               OPTIONAL  -- Need R
}

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

SliceInfo-r17 ::=                 SEQUENCE {
    nsag-IdentityInfo-r17                  NSAG-IdentityInfo-r17,
    nsag-CellReselectionPriority-r17       CellReselectionPriority                                             OPTIONAL,  -- Need R
    nsag-CellReselectionSubPriority-r17    CellReselectionSubPriority                                          OPTIONAL,  -- Need R
    sliceCellListNR-r17               CHOICE {
        sliceAllowedCellListNR-r17          SliceCellListNR-r17,
        sliceExcludedCellListNR-r17        SliceCellListNR-r17
    }                                                                                                     OPTIONAL  -- Need R
}

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

-- TAG-FREQPRIORITYLISTSLICING-STOP
-- ASN1STOP

	FreqPrioritySlicing field descriptions

	dl-ImplicitCarrierFreq
Indicates the downlink carrier frequency to which sliceInfoList is associated with. The frequency is signalled implicitly, value 0 corresponds to the serving frequency, value 1 corresponds to the first frequency indicated by the InterFreqCarrierFreqList in SIB4, and value 2 coresponds to the second frequency indicated by the InterFreqCarrierFreqList in SIB4, and so on.



	SliceInfo field descriptions

	nsag-IdentityInfo
This is the NSAG identifier of the NSAG.

	sliceAllowedCellListNR
List of allow-listed neighbouring cells for slicing. If present, cells not listed in this list do not support the corresponding nsag-frequency pair, according to 38.304 [20], clause 5.2.4.11.

	sliceCellListNR
Contains either the list of allow-listed or exclude-listed neighbour cells for slicing.

	sliceExcludedCellListNR
List of exclude-listed neighbouring cells for slicing. If present, cells not listed in this list support the corresponding slice nsag-frequency pair, according to 38.304 [20], clause 5.2.4.11.



From the above one can deduce that a UE reading SIB16 derives the following mapping:

	Downlink Carrier Frequency
	NSAG Identity to Cell Reselection Priority mapping
	Slice Cell List 

	Frequency 1 (referring SIB2)
	NSAG ID 1 – Priority x

	List of neighbour cells supporting/not supporting the NSAG ID over the associated frequency

	
	NSAG ID 2 – Priority y
	List of neighbour cells supporting/not supporting the NSAG ID over the associated frequency

	Frequency 2 (first frequency of SIB4)
	NSAG ID 3 – Priority z

	List of neighbour cells supporting/not supporting the NSAG ID over the associated frequency

	…
	…
	



Therefore, in light of the information broadcast in SIB16, let´s list the information that can only be provided to the RAN by means of OAM configuration (namely no other reasonable means can be foreseen to provide this information at the RAN):

· OAM should configure for each cell of a gNB the NSAG IDs the cell should broadcast and the DL Carrier Frequency the NSAG is associated to
· OAM should configure for each cell of a gNB the mapping between the NSAG and the S-NSSAIs belonging to the NSAG
· OAM should configure for each cell of a gNB the CellReselectionPriority and CellReselectionSubPriority for each NSAG
In light of the above, the following can be concluded:
Conclusion 3: the OAM needs to configure and is aware of: 
· the NSAGs signalled in SIB16 by each cell in the system 
· the mapping between each NSAG and the associated frequency 
· the CellReselectionPriority associated to the NSAG 
· the S-NSSAIs included in the NSAG

During RAN3-116e, it was claimed that signalling of supported NSAGs over Xn is needed for the following reasons:

1. To inform a RAN node of the NSAGs supported by neighbouring cells

2. To inform a RAN node of the list of allow-listed or exclude-listed neighbour cells supporting the NSAG over the corresponding frequency

Let´s analyse these requirements one by one.

2.1 Xn signalling to inform RAN nodes of NSAGs supported by neighbour cells

It was claimed that NSAGs can be updated dynamically. However, as explained above, any new NSAG that is added, removed or modified, needs the intervention of the OAM to configure such changes at the affected cells. 

Observation 1: Dynamic NSAG updates always involve OAM configuration. The “dynamicity” of such updates depends on how “fast” the OAM can reconfigure the RAN.

It is quite obvious that, if the OAM performs an updated configuration to add/remove/modify a given NSAG in one cell, then at the same time the OAM can also configure neighbour RAN nodes with the new neighbour´s NSAG information. This procedure would require no changes to what is already required, namely the OAM can reuse the procedure it already supports to configure NSAG details to RAN nodes/cells. This is because, as a reminder, the OAM is aware of each neighbour relation and the OAM is capable to configure NSAG on a per cell basis, hence the OAM can at the same time configure NSAGs at a serving cell and at its neighbours.

Observation 2: The OAM can configure a RAN node with NSAGs of neighbour cells. The OAM can reuse the same procedure followed to configure NSAGs to be broadcast by a cell of a RAN node.

It should also be noted that a solution for neighbour cell NSAG configuration that is purely based on Xn signalling implies that the NSAGs of neighbour cells not connected via Xn cannot be known by a serving RAN node. There are many cases where two neighbour RAN nodes may not be Xn connected, for example:

· Missing Xn between RAN nodes belonging to different vendors but forming the same PLMN, i.e. “vendor borders”
· Missing Xn between RAN nodes forming a public network and RAN nodes forming a PNI-NPN
· Missing Xn due to limited number of supported Xn connections available at a RAN node

With the above in mind, it is clear that configuration of neighbour NSAGs via OAM is clearly a superior solution as it ensures that the RAN is always informed of NSAGs of neighbour cells, even when those cells are not Xn connected.

Observation 3: A solution based on neighbour NSAG configuration via Xn does not work when neighbour RAN nodes are not Xn connected. An OAM solution instead guarantees neighbour NSAG configuration even in absence of Xn connectivity


In light of the above, the following can be concluded:

Conclusion 4: Configuration of neighbour NSAG via OAM is a better solution than signalling via Xn because it reuses OAM to RAN configuration procedures already existing and it guarantees neighbour NSAG configuration even in absence of Xn connectivity



2.1 Xn signalling to inform RAN nodes of the list of allow-listed or exclude-listed neighbour cells 
At RAN3-116e it was commented that Xn signalling of supported NSAGs is needed to configure the sliceCellListNR.

The sliceCellListNR includes a list of PCIs of neighbour cells where an NSAG is supported/not-supported. 
As mentioned above, the OAM is fully aware of the NSAGs configured in each cell of each RAN node. Hence, the sliceCellListNR can be easily configured by the OAM.
Furthermore, even in this case, a solution based on Xn signalling implies that the sliceCellListNR cannot be configured if Xn connectivity with neighbour RAN nodes is not in place.

It is therefore straightforward to conclude that a solution based on OAM configuration is feasible and superior to Xn signalling as it covers all connectivity cases.

Conclusion 5: Configuration of sliceCellListNR via OAM is a better solution than signalling via Xn because the OAM already holds all the information needed to configure the sliceCellListNR and because it enables sliceCellListNR configuration even in absence of Xn connections


3. Proposed Way Forward
It is hopefully clear from the analysis above that OAM to RAN configuration to support slice grouping is inevitable.
Indeed, OAM to RAN configuration is essential for a number of reasons already explained above. During RAN3-116e it was also mentioned that OAM to RAN configuration is also essential to ensure that consistent Cell Reselection Priority of neighbour NSAGs is in place. The example below explains this.

Cell A supports the following mapping:  [NSAG X, (S-NSSAI 1, S-NSSAI 3), Frequency X, Cell Reselection Priority 1]
Cell B (neighbouring CellA) supports the following mapping:  [NSAG Y, (S-NSSAI 1, S-NSSAI 2), Frequency X, Cell Reselection Priority 2]

It should be pointed out that Cell A may broadcast NSAG Y, which is an NSAG supported by its neighbour cell B. 
As it can be seen, there is a need for OAM coordination to ensure that Cell A broadcasts the same Cell Reselection Priority for NSAG X (its own NSAG) and NSAG Y (broadcast because it is its neighbour´s NSAG), because both NSAG X and NSAG Y include S-NSSAI 1. 
If Cell A broadcasts Cell Reselection Priority 1 for NSAG X and Cell Reselection Priority 2 for NSAG Y, the UE´s behaviour will be unpredictable, namely a UE that wants to access S-NSSAI 1 would not know which Cell Reselection Priority to use.
Conclusion 6: OAM to RAN configuration of Slice Grouping information is essential for many reasons, for example to ensure consistent Cell Reselection Priority assignment per NSAG

This paper has also explained that slice group parameter configuration via the OAM is a better solution than signalling NSAG’s over Xn because it can be applied also to cases where Xn connectivity is not in place. 
A solution based on OAM configuration would rely on the existing OAM to RAN procedures to configure NSAGs at the RAN and it will require support of sliceCellListNR configuration from OAM to RAN. 
In light of the above, the following is proposed:

Proposal: It is proposed to confirm that OAM to RAN configuration is used to inform the RAN of NSAGs supported by neighbouring cells 
4. Conclusion
In this paper a thorough analysis of how NSAGs can be configured between neighbour NG-RAN nodes has been provided.

The paper explained that in order to support NSAGs it is essential that the OAM configures neighbour NSAG information for each cell of an NG-RAN node. The paper also explained that a solution based on Xn signalling of supported NSAGs is not needed and it would be a duplication of the configuration the OAM can and should carry out. The latter is due to many reasons, an obvious one being that an Xn connection may not exist between neighbour NG-RAN nodes, in which case an OAM based solution shall always exist.

The paper derived the following Observations, conclusions and proposals:

Conclusion 1: The Rel17 WI on Enhancement of RAN Slicing has been successfully completed and closed in RAN2/RAN3. No more changes have been identified as needed in addition to the approved CR package for Rel17
Conclusion 2: Any change concerning Enhancement of RAN Slicing solutions should be considered either as essential corrections to Rel17, or as technical enhancements for Rel18
Conclusion 3: the OAM needs to configure and is aware of: 
· the NSAGs signalled in SIB16 by each cell in the system 
· the mapping between each NSAG and the associated frequency 
· the CellReselectionPriority associated to the NSAG 
· the S-NSSAIs included in the NSAG
Observation 1: Dynamic NSAG updates always involve OAM configuration. The “dynamicity” of such updates depends on how “fast” the OAM can reconfigure the RAN.
Observation 2: The OAM can configure a RAN node with NSAGs of neighbour cells. The OAM can reuse the same procedure followed to configure NSAGs to be broadcast by a cell of a RAN node.
Observation 3: A solution based on neighbour NSAG configuration via Xn does not work when neighbour RAN nodes are not Xn connected. An OAM solution instead guarantees neighbour NSAG configuration even in absence of Xn connectivity
Conclusion 4: Configuration of neighbour NSAG via OAM is a better solution than signalling via Xn because it reuses OAM to RAN configuration procedures already existing and it guarantees neighbour NSAG configuration even in absence of Xn connectivity
Conclusion 5: Configuration of sliceCellListNR via OAM is a better solution than signalling via Xn because the OAM already holds all the information needed to configure the sliceCellListNR and because it enables sliceCellListNR configuration even in absence of Xn connections
Conclusion 6: OAM to RAN configuration of Slice Grouping information is essential for many reasons, for example to ensure consistent Cell Reselection Priority assignment per NSAG
Proposal: It is proposed to confirm that OAM to RAN configuration is used to inform the RAN of NSAGs supported by neighbouring cells 
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