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Abstract of the contribution: This contribution discusses blanket deletion of PLMN-assigned UE Radio Capability IDs.
1
Introduction
As per earlier agreements, the PLMN may order a UE to delete PLMN-assigned UE Radio Capability ID(s) in this PLMN in which case the UE reverts to the applicable manufacturer-assigned ID. The order is determined by the network e.g. when for a given manufacturer a corresponding manufacturer-assigned ID database is available in the PLMN and the network then decides to use this DB. The UE deletes the PLMN-assigned UE Radio Capability ID(s) unconditionally when such order is received.
The above does not mean the PLMN-assigned UE Radio Capability ID the corresponding UEs may be having are no longer valid and cannot be used, but that the network can simply start using the manufacturer-assigned ID instead. In other words, this is a normal condition scenario. It assumes the network is able to detect the UE has a manufacturer-assigned ID such that a deletion order can be issued using the Registration Accept or the UCU Command messages [1]. It is expected this detection is made based on the particular type of UE e.g. using the UE’s TAC and SV and assumes all UEs of this type are consistent. 
While the above allows to update UEs individually in normal conditions, should any abnormal situation occur compromising the use of PLMN-assigned UE Radio Capability IDs in the PLMN, no (efficient) mechanism exists allowing to bring the system back to a stable state as UEs are mandated to use PLMN-assigned UE Radio Capability IDs whenever available and whenever RACS is supported in the network. 

2
Discussion
Deleting a PLMN-assigned UE Radio Capability ID for abnormal reasons would essentially cover cases where PLMN-assigned UE Radio Capability IDs become invalid such that the association between the IDs themselves and the radio capabilities they represent are, for some reason, broken – this is referred to below as “corruption”.
The ID dictionary is stored for the whole PLMN in the UCMF, with potential local caching done lower in the network i.e. in the AMF and in the RAN in order to minimize interactions throughout the network.

This implies three scenarios where corruption might occur:

a)
In the UCMF, and/or
b)
Locally in the AMF, and/or
c)
Locally in the RAN.
A local corruption (scenarios b or c but not a) can be addressed locally – as long as the main dictionary is intact, it is possible to repopulate local caches properly, without involving any additional procedures with the UE.
A corruption of the main dictionary is however more problematic. Should this happen, it would be necessary to:

-
Order deletion of the corrupted ID(s) in the affected entities i.e. AMF, RAN and UE; and
-
Allow reusing the corrupted ID(s) once the corruption is resolved.

Ordering the deletion of individual ID(s) would suggest the ability for the network to pinpoint specific PLMN-assigned UE Radio Capability ID(s) that need deleting. In case of e.g. DB corruption, it is expected a large number of IDs would likely be affected, thus such individual deletion would not be preferred – however it could be done using the deletion order in the Registration Accept and UCU Command messages. 
Observation 1: per-UE deletion of PLMN-assigned UE Radio Capability ID(s) is possible using the existing N1 deletion order in the Registration Accept and UCU Command messages, regardless whether or not the UE has a manufacturer-assigned UE Radio Capability ID.

The above however is restricted to UEs in CM-CONNECTED and RRC_CONNECTED state. It would be appropriate to consider operating a blanket deletion of all PLMN-assigned UE Radio Capability IDs in the network i.e. also for UEs that are in RRC_INACTIVE state or in CM-IDLE state without requiring paging.
Proposal 1: It is proposed that a blanket deletion of all PLMN-assigned UE Radio Capability IDs be enabled, triggered by the UCMF. This order is sent from the UCMF to the AMF (N55), from the AMF to the RAN (N2)/UE (N1) and from the RAN to the UE (Uu). This includes purging local caches in the CN and in the RAN as well as deletion of PLMN-assigned UE Radio Capability IDs in the UE.
Proposal 2: A broadcast deletion order should be introduced in the RAN.
Despite having per-UE deletion and broadcast deletion orders, it should be ensured that any PLMN-assigned UE Radio Capability that is required to be deleted can be reused. Given not all UEs may be reachable when a deletion order is issued, the network should be able to detect a UE using an outdated PLMN-assigned UE Radio Capability ID. It is proposed:
Proposal 3: all PLMN-assigned UE Radio Capability IDs contain a change mark that allows to detect the “version” of the ID and therefore determine whether or not it is valid.

Given the expected rarity of a UCMF dictionary corruption and if occurring a large number of IDs may become invalid, it is proposed to treat the change mark at the dictionary level i.e. dictionary version. A 1- or 2-bit change mark would be sufficient.

Proposal 4: the change mark reflects the dictionary version used. 

Whether the deletion order is explicit or implicit needs to be considered taking into account not all UEs will be reachable at the time the deletion order came to the RAN. To simply address this:

Proposal 5: the indication is implicit i.e. the UCMF informs the new dictionary change mark to the AMF, and onwards to the RAN and UE such all PLMN-assigned UE Radio Capability IDs with a different change mark get deleted. 
The above proposals allow the system to be resilient and to fall back to a stable state.
3
Conclusion

Observation 1: per-UE deletion of PLMN-assigned UE Radio Capability ID(s) is possible using the existing N1 deletion order in the Registration Accept and UCU Command messages, regardless whether or not the UE has a manufacturer-assigned UE Radio Capability ID.

Proposal 1: It is proposed that a blanket deletion of all PLMN-assigned UE Radio Capability IDs be enabled, triggered by the UCMF. This order is sent from the UCMF to the AMF (N55), from the AMF to the RAN (N2)/UE (N1) and from the RAN to the UE (Uu). This includes purging local caches in the CN and in the RAN as well as deletion of PLMN-assigned UE Radio Capability IDs in the UE.

Proposal 2: A broadcast deletion order should be introduced in the RAN.

Proposal 3: all PLMN-assigned UE Radio Capability IDs contain a change mark that allows to detect the “version” of the ID and therefore determine whether or not it is valid.

Proposal 4: the change mark reflects the dictionary version used. 

Proposal 5: the indication is implicit i.e. the UCMF informs the new dictionary change mark to the AMF, and onwards to the RAN and UE such all PLMN-assigned UE Radio Capability IDs with a different change mark get deleted. 

Corresponding CRs are proposed in [2] and [3] introducing:
-
PLMN-assigned UE Radio Capability ID with change mark
-
UCMF to AMF notification over N55 using the Nucmf_UECapabilityManagement_Notify service operation

-
AMF to RAN notification using a new procedure over N2 (N2 RACS Dictionary Update)

-
RAN to UE notification over Uu
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