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Abstract of the contribution: This paper proposes to procedure for capability ID assignment.
1	Discussion
1.1 Scenarios for capability ID assignment
According to the previous discussion in SA2 meetings, the core network will assign a PLMN-assigned capability ID in the following scenarios, 
1) Core network (AMF or UCMF) has no database for the UE when the UE indicates manufacture-assigned capability ID during registration procedure or CN has no stored capabilities for the UE for a certain filter. CN will trigger RAN to retrieve UE radio capabilities in this case.
2) When UE changes capabilities, UE will notify the CN capability changing, and the CN will trigger RAN to retrieve UE radio capabilities.
3) RAN will retrieve UE capabilities if e.g. detecting the filter invalid.
4) RAN will retrieve UE radio capabilities if RAN identifies the current radio capabilities are not sufficient to be used based on the network deployment, e.g. a new band is deployed as serving band or neighboring band.
[bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK23][bookmark: OLE_LINK24]We can classify these cases into CN-initiated capabilities enquiry and RAN-initiated capabilities enquiry, and 1)/2) listed are classified to CN-initiated capabilities enquiry and 3)/4) are classified to RAN-initiated capabilities enquiry. In all this case, CN can allocate a PLMN-assigned capability ID to the UE.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 1: Both CN-initiated and RAN-initiated capabilities enquiry are considered for capability ID assignment.
[bookmark: OLE_LINK122][bookmark: OLE_LINK123]1.2 Possible capability ID assignment methods in 5GS
[bookmark: OLE_LINK58][bookmark: OLE_LINK64][bookmark: OLE_LINK65]Alt1: Assign capability ID during registration procedure
The possible NAS procedures used for capability ID assignment is Registration procedure 


Figure 1: Registration procedure call flow
From the two NAS procedures, it can be observed that UE radio capabilities cannot be retrieved during registration and UCU procedure, so it is impossible for the AMF to assign the capability ID during this two NAS procedure. Possible enhancement is to request RAN to retrieve UE radio capabilities during the Registration and UCU procedure, but this will bring large change to UE capability retrieve procedure.
[bookmark: OLE_LINK27]Observation 1: The UE radio capabilities cannot be retrieved during the Registration procedure.
[bookmark: OLE_LINK66]Alt2: RRC +N2 signalling, capability ID pre-assigned
The existing UE radio capabilities enquiry procedure can be illustrated as following figure.


Figure 2: Existing UE radio capabilities enquiring procedure
In the current mechanism, the UE radio capabilities are retrieved when there are DRBs to be established as the following call flow. When RAN receives the INITIAL CONTEXT SETUP REQUEST message and there is no UE radio capabilities or capability ID included, RAN will retrieve UE capabilities from the UE using capability enquiring procedure. Afterwards, RAN will transfer UE radio capabilities to AMF. 
In Alt 2, the AMF request UCMF the capability filter and associated capability ID when the AMF and UCMF have UE capability information stored. The capability ID is pre-assigned to the UE via N2+RRC signalling as following call flow.


[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK37][bookmark: OLE_LINK38]In this Alt, when AMF decide to trigger UE capabilities enquiry, AMF retrieve the filter and capability ID from UCMF, and send them to RAN in INITIAL CONTEXT SETUP REQUEST. RAN enforce the filter and provide the ID to UE in UE capability enquiry message. UE reports the radio capabilities as requested, and associates the capability ID with the reported capabilities. RAN transfers UE radio capabilities and optional capability ID to AMF. AMF transfer UE radio capabilities and optional capability ID to UMCF.
[bookmark: OLE_LINK84]From the procedure, since the capability ID is pre-allocated, this alternative is only applicable to CN-initiated capabilities enquiry.
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]Alt3: RRC+N2 signalling, capability ID assigned after capabilities retrieval


[bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK63]In this Alt, when RAN succeed to retrieve UE radio capabilities, RAN transfers the capabilities to AMF and AMF request capability ID from UCMF if AMF hasn’t requested before. AMF provides the capability ID in N2 message to RAN, this message may be a new message based on RAN3 confirmation. And RAN provides the capability ID in RRCReconfiguration message to the UE. If UE capability enquiry is trigger by AMF, AMF can send a filter in INITIAL CONTEXT SETUP REQUEST.
[bookmark: OLE_LINK85]In this alternative, the capability ID can be allocated after AMF/UCMF obtain UE capabilities, it applies for both of RAN-initiated and CN-initiated capabilities enquiry.
[bookmark: OLE_LINK72]Alt4: NAS+UCU procedure, capability ID assigned after capabilities retrieval


[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In this Alt, when RAN succeed to retrieve UE radio capabilities, RAN transfers the capabilities to AMF and AMF request capability ID from UCMF if AMF hasn’t requested before. AMF provides the capability ID using existing UCU procedure. AMF needs to send another N2 message to the NG-RAN the capability ID for NG-RAN associates the radio capability ID with the radio capabilities forwarded to AMF. If UE capability enquiry is trigger by AMF, AMF can send a filter in INITIAL CONTEXT SETUP REQUEST.
In this alternative, the capability ID can be allocated after AMF/UCMF obtain UE capabilities, it applies for both of RAN-initiated and CN-initiated capabilities enquiry.
In a summary, the alternatives can be compared in the following table.
	Alternatives
	Feasibility
	Applicability
	Specification and performance impact

	Alt1: Registration procedure
	No
	None
	None

	Alt2: RRC +N2 signalling, capability ID pre-assigned
	Yes
	CN-initiated capabilities enquiry
	Reusing existing signalling with new IEs.

	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Alt3: RRC+N2 signalling, capability ID assigned after capabilities retrieval
	Yes
	[bookmark: OLE_LINK18]CN-initiated and RAN-initiated capabilities enquiry
	May delay RRC Reconfiguration procedure due to capability ID request/response or additional RRC reconfiguration procedure for capability ID assignment.

	Alt4: UCU procedure, capability ID assigned after capabilities retrieval
	Yes
	[bookmark: OLE_LINK6][bookmark: OLE_LINK8]CN-initiated and RAN-initiated capabilities enquiry
	Reusing existing NAS signalling with new IEs. Two additional NAS signalling will be consumed. Additional N2 signalling will be consumed to notify the NG-RAN the capability ID. 



From the comparison, it is can be seen that Alt3 and Alt4 can be applies for CN-initiated and RAN-initiated capabilities enquiry, and they have comparative specification impact.
Observation2: The capability ID should be assigned after the UE capabilities retrieval.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Observation3: Both UCU and N2+RRC solutions are feasible to capability ID assignment in 5GS, and they have comparative specification impact.
1.3 Possible capability ID assignment methods in EPS
Similar with 5GS, the capability ID should be assigned after the UE capabilities retrieval, and there is no UCU procedure in EPS, so it can only use N2+RRC procedure to assign capability ID. The call flow can be illustrated in the fowling figure.


[bookmark: OLE_LINK28]Observation 4: Only N2+RRC solutions are feasible to capability ID assignment in 5GS
2	Conclusion
Proposal 1: Both CN-initiated and RAN-initiated capabilities enquiry are considered for capability ID assignment.
Observation 1: The UE radio capabilities cannot be retrieved during the Registration procedure.
Observation2: The capability ID should be assigned after the UE capabilities retrieval.
Observation3: Both UCU and N2+RRC solutions are feasible to capability ID assignment in 5GS, and they have comparative specification impact.
Observation 4: Only N2+RRC solutions are feasible to capability ID assignment in EPS
Considering having a uniform solution for EPS and 5GS, and AMF needs to send another N2 message to the NG-RAN the capability ID for NG-RAN associates the radio capability ID with the radio capabilities forwarded to AMF, it is proposed,
Proposal 2: Using N2+RRC message for capability ID assignment in EPS and 5GS.
Proposal 3: Send an LS to RAN2/RAN3 for feasibility confirmation.
[bookmark: _GoBack]
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