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Introduction
In this contribution we discuss how effective capability filtering could be implemented in the gNB to ensure effective use of RACS with PLMN assigned ID.
In RAN2 #106 there were several contributions discussing features for managing multiple ID’s assigned to the same UE based on different filters. (Advanced filter information or signaling of multiple ID’s.) However, in 23.501 it is stated:

NOTE 1:	It is assumed that UE does not need to store the access stratum information (i.e. UE-EUTRA-Capability and UE-NR-Capability specified in TS 36.331 [51] and TS 38.331 [28], respectively) that was indicated by the UE to the network when the PLMN-assigned UE Radio Capability ID was assigned by the network. However, it is assumed that the UE does store the related UE configuration (e.g. whether or not GERAN or UTRAN or MBMS is enabled/disabled).
Therefore, the UE is expected to relate the capability ID to the UE configuration and PLMN, but it does not have to store the filter that was included in the request. The result is that the UE will only store one PLMN assigned ID per PLMN and UE configuration.

In 23.501 it is further described how filtering might affect the RACS feature:
The NG-RAN may apply RRC filtering of UE radio capabilities when it retrieves the UE Radio Capabilities information from the UE as defined in TS 38.331 [28].
NOTE 2:	In a RACS supporting PLMN, the filter of UE Radio Capabilities configured in NG-RAN is preferably as wide in scope as possible (e.g. PLMN-wide). In this case, it corresponds e.g. to the super-set of bands, band-combinations and RATs the PLMN deploys and not only to the specific NG-RAN node or region.
NOTE 3:	If the filter of UE Radio Capabilities configured in two NG-RAN nodes is different, during handover between these two nodes, it is possible that the target NG-RAN node might need to enquire the UE for its UE Radio Capability information again and trigger re-allocation of a PLMN-assigned UE Radio Capability ID leading to extra signalling. Additionally, a narrow filter might reduce the list of candidate target nodes.

In this contribution we further discuss how the network can manage capability ID’s and filters when the UE have only one active capability ID at the time.  

[bookmark: _Ref178064866]Discussion
Use of different filters when assigning capability ID 
RACS with PLMN assigned capability ID will be most effective when one PLMN wide filter is used in the whole network, since the same ID will then be used for all UE’s with the same set of capabilities. This will also limit the need for uploading new UE capabilities over Uu, as well as minimize the number of entries in mapping databases. However, it has been agreed that different filters may be used for assigning ID’s. Different filters will result in different capability ID’s for the same UE configuration.
There are three main situations when ID’s may be based on different filters:

· Upgraded network: Network was upgraded with new frequency bands, and there are still ID’s used based on old PLMN wide filters.
· Regional filters: Different sets of frequency bands are used in different regions, and in order to limit the size of the UE capabilities, different filters are used in the different regions.
· No pre-provisioning: The gNB’s are not pre-provisioned with global/regional filters, so every gNB may use a different filter when uploading UE capabilities.

In the case when the network is upgraded, the UE’s can continue to use the old ID’s in cells that are not using the new frequency bands, and when an UE with an old ID is connecting to a gNB using the new frequency bands, the gNB will detect that the UE capabilities are not complete, and upload new UE capabilities which are used to assign a new ID. In that case, the capability ID’s used in the network will gradually be updated.

When regional filters are used, UE’s with the same full capabilities will be assigned different capability ID’s depending on what region it is in when connecting to the network. If the UE moves into another region, the situation will be similar as in the case when the network is upgraded: New UE capabilities will be uploaded if the current capability ID represents a set of capabilities that does not cover all relevant frequency bands. If the UE moves back to the old region, the procedure will be repeated. The UE capabilities are uploaded again, using the old filter, and the UE is assigned the old ID again. 

If a UE frequently moves between the different regions, this may cause large amount of signaling. However, that is no difference to the case in current systems where UE’s moving between cells with different frequency bands may have to upload new capabilities for every HO. The situation can be avoided if a larger filter (PLMN wide filter) is used in the border area between the different regions.

[bookmark: _Toc16581150][bookmark: _Toc16581259][bookmark: _Toc16583792][bookmark: _Toc16675147][bookmark: _Toc16781401][bookmark: _Toc16781438][bookmark: _Toc16781479][bookmark: _Toc16803486]No extra signaling is needed to handle the case when different regional filters are used, or when filters are updated after network upgrade. The same signaling message can be used for assigning capability ID and replacing an old ID with an ID based on the relevant filter. 

If a large number of filters are used in a network, and capability ID’s are assigned based on them, the gain of capability ID’s will be limited. Since database sizes will be very large, and since the capabilities often are incomplete, there will be frequent uploading of new capabilities, and re-assigning of capability ID. It is therefore recommended that the number of filters used in a network is limited.

However, management and pre-provisioning of filters is an extra task that most network operators would like to avoid. Therefore, it is expected that some operators will not use pre-provisioning. In that case, it is possible to derive a PLMN wide filter in the gNB through an iterative process:
1) The gNB derives a filter, f1, based on it’s own frequency bands.
2) The gNB inspects the filter part of UE capabilities belonging to UE’s arriving to the cell. If the filters contains frequency bands not included in f1, a new filter, f2, is constructed that is the union of f1 and the inspected filters.
3) Iterate step 2 when new UE’s arrive to the gNB, until the filter is not updated anymore. It can then be assumed that a PLMN wide, or at least regional filter has been found. 
When starting to use RACS in a new network, this procedure may take some time, but when adding new cells to a network where Capability ID’s have been assigned based on PLMN wide filters, the gNB will only have to receive UE capabilities for one RACS capable UE, before it has a PLMN wide filter. 

[bookmark: _Toc16581151][bookmark: _Toc16581260][bookmark: _Toc16583793][bookmark: _Toc16675148][bookmark: _Toc16781402][bookmark: _Toc16781439][bookmark: _Toc16781480][bookmark: _Toc16803487][bookmark: _Toc528758381][bookmark: _Toc528758606][bookmark: _Toc528764649][bookmark: _Toc528765837][bookmark: _Toc528834796][bookmark: _Toc528835560][bookmark: _Toc528835947][bookmark: _Toc528836249][bookmark: _Toc528836477]It is possible to derive PLMN wide filters without pre-provisioning in the gNB, using an iterative process.
[bookmark: _Toc16781403][bookmark: _Toc16781440][bookmark: _Toc16781481][bookmark: _Toc16803488]All discussed cases requires that the AMF assigns a new ID to the UE if gNB uploads new UE capabilities with a different (typically wider) filter, and that the UE will replace the old ID with the new one.
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In 23.501 it is described: 

NOTE 3:	If the filter of UE Radio Capabilities configured in two NG-RAN nodes is different, during handover between these two nodes, it is possible that the target NG-RAN node might need to enquire the UE for its UE Radio Capability information again and trigger re-allocation of a PLMN-assigned UE Radio Capability ID leading to extra signalling. Additionally, a narrow filter might reduce the list of candidate target nodes.
[bookmark: _Toc16781405]This implies that the AMF can assign a new ID if new capability information is uploaded, and that the UE should use the new ID. However, it is not clear how the re-allocation of capability ID is triggered, and it would be good to verify that the UE is expected to replace the old ID with the last signaled capability ID.

[bookmark: _Toc16675153][bookmark: _Toc16803493][bookmark: _Toc16581005][bookmark: _Toc16781486]An LS [2] is sent to SA2 and CT1, asking them to verify that if new UE capabilities are uploaded (based on another filter) for a UE with a PLMN assigned capability ID, this will trigger the network to assign a new capability ID to the UE, and that the UE is expected to replace the old capability ID with the last signaled ID. 

Conclusion
[bookmark: _Hlk528836488]In section 2 we made the following observations:
Observation 1	No extra signaling is needed to handle the case when different regional filters are used, or when filters are updated after network upgrade. The same signaling message can be used for assigning capability ID and replacing an old ID with an ID based on the relevant filter.
Observation 2	It is possible to derive PLMN wide filters without pre-provisioning in the gNB, using an iterative process.
Observation 3	All discussed cases requires that the AMF assigns a new ID to the UE if gNB uploads new UE capabilities with a different (typically wider) filter, and that the UE will replace the old ID with the new one.

[bookmark: _GoBack]Based on the discussion in section 2 we propose the following:

Proposal 1	An LS [2] is sent to SA2 and CT1, asking them to verify that if new UE capabilities are uploaded (based on another filter) for a UE with a PLMN assigned capability ID, this will trigger the network to assign a new capability ID to the UE, and that the UE is expected to replace the old capability ID with the last signaled ID.
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