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1.	Introduction
The Nucmf_UECapabilityManagement service includes the following subscribe/unsubscribe/Notify service operations. This paper is to discuss how it should be supported, considering the UCMF may also be deployed in EPS.

	Service Name
	Service Operations
	Operation Semantics
	Example Consumer(s)

	Nucmf_UECapabilityManagement
	Resolve
	Request/Response
	AMF

	
	Assign
	Request/Response
	AMF

	
	Subscribe
	Subscribe/Notify
	AMF

	
	Unsubscribe
	Subscribe/Notify
	AMF

	
	Notify
	Subscribe/Notify
	AMF


 
2.	Discussion
2.1	Overview of Stage 2 Requirements:



Figure 1: 5GS RACS architecture

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RACS 5GS, the UCMF (UE radio Capability Management Function) stores all the mapping between the UE Radio Capability ID and its corresponding UE Radio Access Capabilities information, i.e. a dictionary entry, in a PLMN and is responsible for assigning every PLMN-assigned UE Radio Capability ID in this PLMN. 

The following requirements are relevant for subscribe/unsubscribe/notify service operations between an AMF and a UCMF:

· An AMF may subscribe with the UCMF to obtain from the UCMF new values of UE Radio Capability ID that the UCMF assigns for the purpose of caching them locally.
· When a PLMN decides to switch to operate based on manufacturer-assigned UE Radio Capability ID for a particular type of UE (based on TAC and SV, or on the TAC alone):
· The UCMF sends a Nucmf_UECapabilityManagement_Notify message of "deletion" type to the AMF including a list of UE Radio Capability IDs that need to be purged.
· For UEs that have a UE Radio Capability ID that is on a purge list the AMF uses the Registration Accept message or the UE Configuration Update command message to request the UE to delete the PLMN-assigned UE Radio Capability ID(s) for this PLMN.

NOTE 1:	The strategy for triggering of the deletion of PLMN-assigned UE Radio Capability ID(s) in the UE by the AMF is implementation-specific (e.g. can be used only towards UEs in CM_Connected state).

Correspondingly, SA2 specified the following service operations:

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Service operation name: Nucmf_UECapabilityManagement_Subscribe
Description: The NF consumer subscribes for updates to UCMF dictionary entries. The UCMF shall check the requested consumer is authorized to subscribe to requested updates.

Service operation name: Nucmf_UECapabilityManagement_Unsubscribe
Description: The NF consumer unsubscribes from updates to UCMF dictionary entries.

Service Operation name: Nucmf_UECapabilityManagement_Notify
Description: Producer NF provides notifications about creation or deletion of UCMF dictionary entries to subscribed consumer NF.
Inputs, Required: Notification Type ("creation", "deletion").
Inputs, Optional: If Notification Type is set to "creation": One or more UCMF dictionary entries, each UCMF dictionary entry consisting of a UE Radio Capability ID and the corresponding UE radio access capability. If Notification Type is set to "deletion": One or more UE Radio Capability IDs.

Therefore, the AMF can only subscribe to the UCMF to get notifications for:
· one or more newly created dictionary entries;
· or the deletion of one or more PLMN assigned UE Radio Capabilities.

2.1	Retrieval of UE Radio Capability dictionary entries 

The AMF need to retrieve a dictionary entry information at UE related signalling in the following cases:

· If the UE doesn't provide any PLMN-assigned nor Manufacturer-assigned UE Radio Capability ID, and if RACS feature is deployed in the PLMN, and if the AMF can't find any dictionary entry information corresponding to the TAC and SV (of PEI), the AMF need retrieve UE Radio Access Capability Information from UE via RAN and provide it to the UCMF, to get a PLMN-assigned UE Radio Capability ID and store it in the UE context;

· If the UE provides only Manufacturer-assigned UE Radio Capability ID, and if the AMF has no such dictionary entry information for the mapping between UE Radio Capability ID and UE Radio Access Capability Information, need provide Manufacturer-assigned UE Radio Capability ID to the UCMF, to get the corresponding UE radio capabilities information, and provide it to the RAN and store the UE Radio Capability ID in the UE context;
· [bookmark: OLE_LINK8]If PLMN assigned UE Radio capability ID is used in the PLMN, the AMF may receive PLMN Assigned UE Radio Capability ID from the UCMF in addition to the UE Radio Access Capability Information, and this ID need to be provided to the UE to be used in the future; 
· If the UCMF doesn't recognize the Manufacturer-assigned UE Radio Capability ID, e.g. when the UCMF has not been provisioned with UE Radio Access Capabilities Information for this ID, in such case, the AMF may need to retrieve UE Radio Access Capabilities Information and provide it to the UCMF. 

· If the UE provides PLMN-assigned UE Radio Capability ID, and if the AMF has no such such dictionary entry information for the mapping between UE Radio Capability ID and UE Radio Capability Information, it shall retrieve such dictionary entry from the UCMF;

By that, the AMF build its own local copy of dictionary entries for the mappings. 

However, to reduce the latency of UE related signalling, such signalling towards the UCMF to retrieve the dictionary entry in those UE related procedures should be avoided, therefore it is reasonable to make a local copy of dictionary entries. 

Stage 2 specifies to use Subscribe/Notify service operation to build the local copy of UE Radio Capability dictionary entries.

However, when subscribe to get notifications of creations of new dictionary entries, the UCMF has no knowledge what dictionary entries are already available, though the UCMF could make use of the timestamp at receiving subscription request and consider the dictionary entries created after that timestamp are new for the given subscription.

Since the “deletion” is only concerning to “delete” PLMN-assigned UE Radio Capability ID for given TAC and SV, i.e. not the whole dictionary entry, so the dictionary entry id can be managed to be constantly incremented. 

Therefore, it is possible for the AMF to know whether a dictionary entry has been created in the UCMF and thus it can determine to retrieve it if it is not available locally, if the AMF knows the highest dictionary entry Id has been allocated in the UCMF.

Comparing with the signalling load in the UCMF, the AMF/MME is normally much heavily loaded with signalling towards many different reference points, so it is not desirable that the UCMF pushes many dictionary entries towards the at the same time, those dictionary entries information may not be used by the AMF for long time; instead the UCMF could notify the AMF/MME that new dictionary entries available by informing the highest dictionary entry Id has been allocated.

It is preferred that the AMF/MME can “pull” the dictionary entries, besides at UE related signaling. By communicating the highest dictionary entry Id allocated in the UCMF, the AMF/MME could initially retrieve a UE Radio Capability Dictionary Entry using the UE Radio Capability Dictionary Entry ID, and such retrieval could be performed as the background signaling to minimize the signaling impact, i.e. when the AMF/MME has some "free" processing capacity.

To considering the communication between the MME and UCMF, it is also desirable to have a shorter message size to avoid fragmentation at IP level.

3. Proposals:
· It is proposed that the AMF can only subscribe the creation of new dictionary entries and deletion of PLMN-assigned UE Radio Capability IDs. This is reflected in the pCR C4-194246.
· It is proposed that the UCMF shall return the highest dictionary entry Id which has been allocated in the UCMF in the response of the subscription request; so that the AMF can determine to retrieve the dictionary entries which have not been available locally. 
· [bookmark: _GoBack]It is also proposed that the UCMF shall notify the AMF with the current highest dictionary entry id.
· It is proposed to specify the individual dictionary entry resource and the AMF can use dicEntryId to retrieve the resource. This is reflected in the pCR C4-194248.
· It is also proposed that similar principles as above in 5GS should be also used for the communication between the MME and the UCMF using legacy protocol.
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