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Discussion
When the PLMN-assigned UE radio capability ID is used in a PLMN, the UCMF allocates dynamically the UE capability IDs based on methods that are outside 3GPP scope. The problem exists the UEs then report values that may no longer be up to date after a UCMF restarts. Also, the values that are stored in the network (in the RAN and in the CN) may not be up to date as upon restart the UCMF may provide to UEs a different UE Radio Capability ID even for the same set of radio capabilities and same radio configuration. So, the UEs need to be assigned the up to date values upon the AMF detecting that the UE is using stale values that were assigned before the UCMF has restarted. This detection can happen both at the time when the UE registers next or based on inspection stored UE context in the AMF for registered UEs.
This paper proposes a solution on how to address this problem.
Proposed solution
A solution where the network simply sends an indication to the UE to delete the existing stored UE Capabilities ID in the UE and the AMF deletes all of its stored UE capability IDs upon detection of UCMF restart is not suitable as there is e.g. no way to tell whether a UE has an up to date UE Capability ID when it registers next or indeed whether a RAN node has the most recent cached IDs or it is still using old values unless some way to detect that is defined.
Hence, the solution relies on the UE capability ID to always be associated to a UCMF restart counter. When the UCMF restarts, it advertises the new restart counter value and this is then triggering the network and the UE to be updated accordingly. The UE Capability ID is always stored in the UE, RAN and CN alongside its UCMF restart counter. Indeed, to identify whether a UE capability ID assigned by the PLMN is current or stale, we propose that the PLMN-assigned UE capability ID format includes a UCMF restart counter.
This is the outline of the solution.
1) The UCMF increments a restart counter after a restart.
2) When a network node contacts the UCMF it obtains a restart counter for the UCMF so it is always possible to detect whether the UCMF has restarted. Optionally an AMF may subscribe to be Notified of a UCMF restart.
3) When an AMF receives a new restart counter then it marks the PLMN UE capabilities IDs it stores as “stale” and these IDs with an old restart counter will be aged out with priority (e.g. the AMF may decide to not use some of them anymore immediately, subject to policy, e.g. if the cache is running out of unused storage as new IDs need to be allocated)
4) The AMF may update the restart counter towards RAN so the RAN nodes also can mark the existing cached IDs as stale and age them out with priority
5) When a UE registers with a PLMN assigned UE capability ID with an old UCMF restart counter, if the AMF has this UE capability ID still cached, the AMF will use the related stored capabilities to request a new ID from UCMF. The AMF then provides the new ID to the UE with the new restart counter. This new UE capability ID is also stored in the AMF. However, if the AMF has erased the UE capability ID related to the old UCMF restart counter from the local cache then the UE is requested to upload its capabilities before the AMF can query the UCMF to obtain a new UE capability ID for the UE. 
6) When the UE receives from the network a new capability ID for the current radio configuration with a restart counter that is not associated with any of the stored/used PLMN assigned IDs (i.e. it is not the “current UCMF restart counter”, it updates the value it stores for the “current UCMF restart counter”, erases any stored old value of the PLMN assigned UE radio capability ID for the current radio configuration and replaces it with the received value. The PLMN assigned UE capability IDs the UE stores for the PLMN are marked as stale and can be removed from storage with priority, however the UE may still signal these as long as they remain stored, when the related radio configuration need UE radio capabilities need to be signalled to the network.
The following diagram depicts the solution at a high level for the case where there is a proactive push of restart counter to AMF. Of course, the AMF may detect restart reactively upon the next UCMF query after UCMF restart, as alternative.



The UE capability enquiry (steps 7-9) is needed only if the UE capability ID with old restart is no longer cached in AMF. This is to say that the new UE capability ID is allocated based on the information related to the cached UE Capability ID with the old UCMF restart counter or after the UE capability enquiry was executed. 
It should be noted that at any time (i.e. even independent of receiving a stale UE capability ID in a registration request) the AMF/MME, based on their policy, may update the UEs that are registered with them, bearing a stale PLMN assigned UE capability ID in the stored UE context, by providing a new UE Capability ID with the new UCMF restart counter in a UE configuration update procedure / GUTI reallocation procedure (pending finalisation of stage 3 design).
Conclusion
It is proposed that the handling of UCMF restart is handled as indicated above. In particular it is proposed to agree that the PLMN assigned UE Radio Capability ID format includes a “Restart Counter” field.
[bookmark: _GoBack]The CRs in S2-1907080, S2-1907083 and S2-1907071 implement the necessary changes in 23.501, 23.502 and 23.401 respectively.
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