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1	Introduction
[bookmark: _Ref178064866]In contributions submitted to RAN2 and RAN3, there are many solution proposals for signalling and configuration of NSAG’s that are not complete, since there exist issues that are not solved. Even though the signalling on Ng and Xn is RAN3’s responsibility, we think it is important to discuss all aspects in RAN2 to ensure that the feature will work. 
2	Configuration of slice info in each cell
Information available through legacy OAM configuration:
· TA of cell
· Frequency band of cell.
· Supported slices – Available in Legacy by OAM
· Frequency priorities for SIB broadcast -both own frequency and neighbor cells’ frequencies.

Information available through legacy Xn signaling:
· TA of neighbour cells
· Frequency band of neighbor cells
· Slice support of neighbor cells.

New information needed for signaling slice info in SIB signaling: 
· NSAG’s to use for slices supported in own cell.
· For these NSAG’s, Slice specific Frequency priorities for all frequencies where slices are supported.
· For these NSAG’s and frequencies, Slice support for allowed/excluded cell lists (if the slice support is inhomogeneous on the frequency).
· NSAG’s to use for slices only supported in neighbor TAs.
· For these NSAG’s, Slice specific Frequency priorities for all frequencies where slices are supported.
· [bookmark: _Hlk102728692]For these NSAG’s and frequencies, Slice support for allowed/excluded cell lists (if the slice support is inhomogeneous on the frequency).

For SIB signalling, a gNB needs NSAG’s for slices in own and neighbouring cells,  the corresponding frequency priorities and slice support.
Extra information needed for signaling slice info in RRC release: 
· NSAG’s to use for slices supported in TAs that are not direct neighbors, but may be reached by UE before next registration.
· For these NSAG’s, Slice specific Frequency priorities for all frequencies where slices are supported.
· For these NSAG’s and frequencies, Slice support for allowed/excluded cell lists. (If the slice support is inhomogeneous on the frequency.)   (Assuming that it is agreed to use PCI lists in RRC Release) 


For RRC Release signalling, a gNB needs NSAG’s also for slices that are supported in cells/TAs that are not direct neighbors, but may be reached by UE before next registration.
The legacy behaviour is that the slice support of neighbour cells is signalled over Xn, but frequency priorities are configured by OAM. It would be logical to use that principle also for slice aware cell re-selection.  
Based on legacy behaviour, slice specific frequency priorities should be configured by OAM, also for neighbour frequencies, while neighbour’s slice support can be received over Xn.  
In SA2 it was agreed that NSAG’s should be configured to RAN by OAM, but it was not specified if each RAN node should be configured with NSAG’s for slices supported in other TA’s or not. 
In several contributions to both RAN2 and RAN3, there have been proposals describing that NSAG’s for slices supported in own TA are configured over OAM, while NSAG’s to use for slices supported in neighbour TAs are signalled over Xn. These NSAG’s can then be used together with the TAC in SIB signalling. 
It is possible to add signalling of NSAG’s used in neighbour cells in Xn signalling. 
However, there are no contributions describing how the frequency priorities for NSAG’s signalled over Xn should be configured, and there are no contributions describing how the cell should be configured with NSAG’s to use in RRC Release when the slice is not used in any direct neighbour cell.  
Namely, if the NSAGs for slices not supported in the serving TA are received over Xn, the receiving RAN node would need to know the frequency priorities associated to these NSAGs in order to populate the SIB of the concerned cell with correct information . One obvious way to fix this problem is to signal slice specific frequency priorities used in the neighbour TAs over Xn, but that would open up for miss-configurations, and unpredictable behaviour. The latter is because some neighbour NSAGs may include slices also served by the serving RAN. As an example, if the serving RAN supports [NSAG 1 == S-NSSAI1, Frequency Priority 1] and a neighbour RAN supports [NSAG 2 == S-NSSAI 1, S-NSSAI 2, Frequency Priority 2], and if the serving RAN receives NSAG 2 information over Xn (including frequency priority), then serving RAN would have to broadcast two different frequency priorities for the same slice (i.e. for S-NSSAI 1).  
It is therefore obvious that there is always the need of an OAM intervention to configure neighbour NSAG information at a RAN node.

Even if extending the Xn protocol, it is not possible for a gNB to get consistent information on slices of other TA’s, that is needed for the slice aware cell re-selection.  The intervention of the OAM for neighbour´s NSAG configuration at a RAN node is needed
    
[bookmark: _Hlk102969423]In Annex A, an example is shown with 3 different configuration scenarios. The assumption in this example is that the OAM is able to configure the RAN with consistent information, such as consistent frequency priorities that avoid the problems described above (different priority for the same slice). In light of this the example shows that when OAM configures each cell with the NSAGs needed and the corresponding frequency priorities, erroneous configurations can be avoided, and it can easily be ensured that the slice information is complete. Also the spec impact is minimized, since there is no Xn impact, and no need to include TAC in SIB16. Additionally, if TACs are not included in broadcast, the amount of broadcast data is minimized. 
If each cell is configured by OAM with the NSAG’s needed, and the corresponding frequency priorities, erroneous configurations can be avoided, and it can easily be ensured that the slice information is complete. Also, the spec impact is minimized. 

Each cell should be configured by OAM with NSAG’s and corresponding frequency priorities for both supported slices and other slices supported in TA’s with overlapping coverage, and no need to include TAC in SIB16.

3	Configuration of NSAG mappings in the UE 
The UE need to be configured with all NSAG’s that are used in SIB or RRC Release in the cell it is camping in, even for slices that are not supported in the cell. It is agreed that the UE shall be configured with NSAG’s per TA by the AMF, and that the NSSF may help compiling the NSAG mappings. It is also agreed that the gNB shall signal NSAG mappings to the AMF at Ng set-up.
However, it has not been discussed how the CN will know which NSAG’s to configure the UE with.
In the case when the gNB is only using NSAG’s configured for the TA, and the TAC is never included in the SIB or RRC signalling, the solution is simple:
gNB signals the NSAG’s per TA to AMF, and the AMF will signal all NSAG’s used for the slices in the configured NSSAI for each TA in the RA of the UE. This will ensure that the UE is configured with all NSAG’s that it may need until it leaves the RA and registers again.
If the gNB is using NSAG of another TA + TAC in its signalling, the UE needs to be configured with the NSAG of the other TA, which is typically not in the RA of the UE. In that case the solution is not obvious.
There are a few alternatives:
· The UE is configured with all NSAG’s used in the whole PLMN for the slices in the configured NSSAI.  
– This may be feasible if the slices either use the same NSAG in the whole PLMN, or only a few, but with large numbers of re-used NSAG’s it will cause too much overhead. 
· The CN have knowledge of the RAN’s TA’s topology, and know which TA’s are close to each other. The UE is configured with all NSAG’s used for the slices in the Configured NSSAG in all TA’s in the RA, as well as all TA’s that are close to any of the cells in the RA. 
 – This will work, but will probably cause the UE to be configured with many mappings that are not needed, and it is unclear how the CN will be configured with the topology of the RAN.
· The gNB will signal all NSAG’s used in SIB16 or RRC Release to the AMF. (TAC+NSAG, in case that is used.) 
– This ensures that the AMF will know what mappings the UE needs to be configured with in each TA.

 
In order to configure the UE with the NSAG’s that it needs to know, and limit the signalling, the gNB should signal all NSAG’s that are used in SIB or RRC Release per TA.

The gNB shall in NG set-up per TAC signal all NSAG’s that are used in SIB or RRC Release. 


[bookmark: _Hlk102970484]4	NSAG’s for different purposes
RAN2 has agreed that two NSAG’s may be configured for a slice, in case the NSAG’s are used for different purposes. (That is for RACH or Cell reselection.)
It has now been proposed in RAN3 that it should be possible to distinguish in the NAS signalling between NSAGs intended for slice-based cell re-selection and NSAGs intended for slice-based RA handling purpose. We do not see the need to separate the NSAGs in this way. Even if it is allowed to use different NSAG’s for RACH and Cell re-selection, it should be possible to use the same values for both purposes. UE will anyway be able to distinguish the NSAG use from the SIB content, and the network operator need to ensure NSAGs are correctly allocated to the correct purpose in the SIB. 
This does not motivate to have NSAG usage known by AMF and signaled to UE in NAS message. The advantage for UE to get this information is very minor.
The CN shall not distinguish between NSAG’s based on the feature it is intended for.
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Conclusion
Based on the discussion in the previous sections we propose the following:

1. Each cell should be configured by OAM with NSAG’s and corresponding frequency priorities for both supported slices and other slices supported in TA’s with overlapping coverage, and no need to include TAC in SIB16.
The gNB shall in NG set-up per TAC signal all NSAG’s that are used in SIB or RRC Release. 
The CN shall not distinguish between NSAG’s based on the feature it is intended for.

Annex	Example with SIB16 with and without use of TAC
Figure 1 shows an example of a network configuration without any NSAG/SIB16.

 Cell 5,  TA 3, f3
Slices: S-NSSAI 1,S-NSSAI 4, S-NSSAI 5
gNB-B
gNB-A
Cell 6,  TA 2, f3
Slices: S-NSSAI 1,
    S-NSSAI 3
Cell 4,  TA 2, f2
Slices: S-NSSAI 1,
    S-NSSAI 3
Cell 3,  TA 2, f2
Slices: S-NSSAI 1,
    S-NSSAI 3
Cell 2,  TA 1, f1
Slices: S-NSSAI 1,
    S-NSSAI 2
Cell 1,  TA 1, f1
Slices: S-NSSAI 1,
    S-NSSAI 2


FIGURE 1: example of a network configuration without any NSAG/SIB16. Cells 1&2 are in frequency band f1, Cells 3&4 in f2, and Cell 5&6 in f3.  
gNB-A serves cells 1-2, and gNB-B serves cells 3-6. OAM has configured cells of TAs for what slices to be available. Each gNB may also learn which slices neighbour cells support via Xn, and gNB reports its own supported slices to AMF via Ng.
Scenario 1:
When we now add slice aware cell re-selection, OAM configures each TAC with NSAGs for supported slices, and frequency priorities for them. i.e. OAM configures the following:
-	Cells in TAI 1 are configured with:
-	NSAG1 = S-NSSAI-1, S-NSSAI-2     Frequency prio order: f1, f2, f3
-	 Cells in TAI 2 are configured with:
-	NSAG2 = S-NSSAI-1, S-NSSAI-3     Frequency prio order: f2, f3, f1
-	 Cells in TAI 3 are configured with:	
-	NSAG1 = S-NSSAI-1, S-NSSAI-4, S-NSSAI-5     Frequency prio order: f3, f2, f1

When configuring the slice information for SIB in Cell 2, first the information from OAM is used:
NSAG1: Frequency prio order: f1, f2, f3   allowed cells ?  
gNB-A will now use Xn signaling in an attempt to improve the SIB slice information in cell2. Based on legacy Xn signaling, gNB-A knowns that NSAG1 refers to slice 1 and 2, and that slice 1 is supported by gNB-B on f2&f3. gNB-A also knows that gNB-B does not support slice 2. However, since NSAG1 refers to both slices, it is not possible to include that information in the broadcast. 

gNB-A also knows that slice 3, 4 and 5 are available in cells of gNB-B, and if Xn is extended with NSAG signaling, gNB-A will also know that there are two more NSAG’s that could be used: NSAG2 from TA2, and NSAG1 from TA3. However, both of them include slice 1. If any of these NSAGs would be used by gNB-A for broadcast, multiple sets of frequency priorities would be broadcasted for slice 1, and the outcome would be unpredictable. Namely, a UE will read, for NSAGs including the same slice, different frequency priorities. Therefore, gNB-A shall broadcast slice info only for NSAG 1 = S-NSSAI-1, S-NSSAI-2, to avoid broadcasting multiple frequency priorities for S-NSSAI 1. No assistance information can be provided for slice 3-5.
Scenario 2:
In this scenario, OAM is using cell planning information about neighboring TA’s and slice support in them, to ensure that the configured slice groups can be used to provide the needed slice information. Since all slices have different coverage areas, except slice 4 and 5, only slice 4 and 5 are grouped. Thus it is ensured that also slice support in neighboring TA’s can be described in SIB:
-	Cells in TA 1 are configured with:
-	NSAG1 = S-NSSAI-1     Frequency prio order: f1, f2, f3
-	NSAG2 = S-NSSAI-2     Frequency prio order: f1
-	 Cells in TA 2 are configured with:
-	NSAG1 = S-NSSAI-1     Frequency prio order: f1, f2, f3
-	NSAG2 = S-NSSAI-3     Frequency prio order: f2, f3
-	 Cells in TA 3 are configured with:	
-	NSAG1 = S-NSSAI-1     Frequency prio order: f1, f2, f3
-	NSAG2 = S-NSSAI-4, S-NSSAI-5     Frequency prio order: f3
When configuring the slice information for SIB in Cell 2, first the information from OAM is used:
NSAG1: Frequency prio order: f1, f2, f3      
NSAG2: Frequency prio order: f1      
Through legacy Xn signaling, it is known that all cells on f1, f2 and f3 supports NSAG1 (slice1), and that all cells on f1 supports NSAG2 (slice 2), so no allowed cell information is needed. 
Through legacy Xn signaling, gNB-A knows that slice 3 is available in cells 3,4 and 6 of gNB-B, and slice 4 and 5 are available in cell 5 of gNB-B. If Xn is extended with NSAG signaling, gNB-A will also know that there are two more NSAG’s that could be used: NSAG2 from TA2 for S-NSSAI-3, and NSAG2 from TA3 for S-NSSAI-4 and S-NSSAI-5. 
The SIB information for cell2 can therefore be complemented with slice specific information  for slice 3,4 and 5:
TAC 2, NSAG2: Frequencies: f2, f3(Allowed cell: 6)    - Priority order of frequencies is not known!!!
TAC 3, NSAG2: Frequency prio order: f3(Allowed cell: 5)      
With this NSAG configuration, and extended Xn, it is possible to configure the needed slice information for slice 4 and 5, but for slice 3, the slice is supported on both f2 and f3, and it is unknown how to prioritize between the frequencies.

Scenario 3:
In this scenario, OAM is using cell planning information about neighboring TA’s and slice support in them, to configure each TA with the needed slice groups. For simplicity, all cells in the area are configured with same slice groups and frequency priorities:
-	NSAG1 = S-NSSAI-1     Frequency prio order: f1, f2, f3
-	NSAG2 = S-NSSAI-2     Frequency prio order: f1
-	NSAG3 = S-NSSAI-3     Frequency prio order: f2, f3
-	NSAG4 = S-NSSAI-4, S-NSSAI-5     Frequency prio order: f3
When configuring the slice information for SIB in Cell 2, first the information from OAM is used:
NSAG1: Frequency prio order: f1, f2, f3      
NSAG2: Frequency prio order: f1  
      NSAG3: Frequency prio order: f2, f3
      NSAG4: Frequency prio order: f3
The information is then complemented with information from legacy Xn signaling, that on f3, slice 4 and 5 are supported in cell 5, and slice 3 on cell 6:    
      NSAG3: Frequency prio order: f2, f3(allowed cell:6)
      NSAG4: Frequency prio order: f3(allowed cell:5)
In this scenario, all information needed can be transmitted on the SIB.

Conclusion: 
Is scenario 1 when each TA is configured separately, the NSAG’s could not be used for broadcasting the needed slice information, and there was a high risk of miss-configuration, since it is possible to signal several sets of slice information for the same slice.
In scenario 2, the configuration work needed by OAM is larger, but it is possible to configure the needed slice information, except in the scenario when a slice that is not supported in current cell are available in more than one frequency.
In scenario 3, the configuration work needed by OAM is similar to scenario 2, and it is possible to configure the needed slice information in SIB. The amount of transmitted data is smaller than in scenario 2, since no TAC is included in SIB signaling. Another advantage is that no changes are needed on the Xn interface.
· If each cell is configured with the needed NSAG’s from OAM, it can be ensured that all needed information is provided, the spec impact can be minimized, signaling load decreased, and there is no risk of transmitting several sets of slice information for the same slice.  

image1.png




image2.svg
        


image3.png




