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Introduction
In RAN2 #103bis, the SI on UE Capability Signalling Optimization (FS_RACS_RAN) was first discussed. Among the early agreements was; 
[bookmark: _Ref178064866]Agreements
1	RAN2 will leave SA2 to progress the discussion on the allocation of the UE capability ID. RAN2 will focus on signalling aspects.
2	Key aspects to be considered by RAN2 are:
	i/	Whether the UE capability ID is carried by NAS or RRC
	ii/	Whether the UE capability ID is available to the RAN, and hence the mapping from UE capability ID to capability set is known in the RAN
	iii/	Whether the mapping from UE capability ID to capability set is stored in the CN
3	Additional aspects to be consider by RAN2 are:
	i/	Partial capability retrieval (based on bands, etc)
	ii/	To which capability containers the UE capability ID relates
	iii/	Relationship to NAS initiated changes of UE capability

In the subsequent e-mail-discussion, it was also discussed that, in case RRC signalling should include the capability ID, what message that this ID could be included in. This contribution addresses the pros and cons of various signalling options and propose some inclusions in the RAN TR. 
Discussion
One of the aspects of sending the Capability ID over RRC is that it is quickly available in the gNB and in case gNB has instant access to capability ID mapping, it could quickly have information on what capabilities a certain UE has. This could be relevant, for example, for load management etc.
In the ongoing e-mail-discussion, it has been elaborated on what RRC message that would be suitable to have the capability ID included and essentially two different messages have been proposed, either the complete message, (msg5) or the UECapabilityInformation message. In the following we provide our aspects of these options as well as the NAS option. 
UE Capability in UECapabilityInformation
The UECapabilityInformation message is used to transfer UE capabilities as requested by the network. Typically this procedure is performed after security mode commands (although it doesn’t have to) and it would need to be performed only if AMF cannot provide sufficient capability information for a particular UE. 


We can thus make the following observation: 

[bookmark: _Toc528746005][bookmark: _Toc528830549][bookmark: _Toc528846181][bookmark: _Toc528866894][bookmark: _Toc528877579]Transferring UE Capability ID in UECapabilityInformation can be done after security mode commands and can then meet any privacy/security concern. 
A typical signalling sequence for initial registration when UE use the UECapabilityEnquiry /UECapabilityInformation exchange is illustrated below. This show a signalling when the AMF is not storing any, or at least not sufficient capability information for the UE. The UE must then perform an enquiry procedure. This signalling procedure also reveal that typically, the CapabilityEnquiry/CapabilityInformation exchange typically occur after NG signalling with AMF.
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[bookmark: _Toc528746006][bookmark: _Toc528830550][bookmark: _Toc528846182][bookmark: _Toc528866895][bookmark: _Toc528877580]The RRC UECapabilityInformation message is typically received after NAS communication (e.g., InitialContextSetupRequest)

One aspect of including the capability ID in UECapabilityInformation only, would then be that the gNB doesn’t get access to the Capability ID until after it has communicated with the AMF (unless it can also receive it from AMF). 

In that case, there seems to be little or no benefit in having the Capability ID signalled over RRC instead of having it signalled over NAS and then received from AMF. For this reason, we at least question that UECapabilityInformation should be the only message wherein the Capability ID can be included, if it should be signalled over RRC. 

[bookmark: _Toc528746008][bookmark: _Toc528830552][bookmark: _Toc528846184][bookmark: _Toc528866896][bookmark: _Toc528877581]Capability ID signalling solutions based on RRC signalling where the ID is included only in the UECapabilityInformation message is not providing any significant benefits for the gNB over that of including it in NAS signalling. 

[bookmark: _Toc528746011][bookmark: _Toc528830555][bookmark: _Toc528846187][bookmark: _Toc528866938][bookmark: _Toc528877584]If Capability ID should be made available early in the gNB, RRC-signaling solutions should allow the Capability ID to be included prior to when it can be retrieved over NG from AMF. This means that UECapabilityInformation cannot be the only message in an RRC signaling solution that can carry the Capability ID.
However, we think it is advantageous to allow inclusion of the Capability ID in the UECapabilityInformation in any event; not to harvest benefits of early signalling to gNB, but to allow the AMF and gNB to get the mapping in a single message (capabilities + capability ID) in the enquiry procedure.

[bookmark: _Toc528746012][bookmark: _Toc528830556][bookmark: _Toc528846188][bookmark: _Toc528866939][bookmark: _Toc528877585]Include in the TR that Capability ID shall be possible to include in the UECapabilityInformation message

UE Capability ID over NAS 
As elaborated, the advantages with including a capability ID in RRC signalling can be that; 

· gNB get access to UE Capability information quicker than today
· Additional signalling (and possibly round-trip-times) over the NG interface before capability information is available in gNB may be avoided

It is tempting to add, to this list, that if gNB should take advantage of having stored a capability ID mapping at all, the capability ID needs to be signalled over RRC, but this is not necessarily the case. The gNB can also retrieve the Capability ID via NG signaling. If the NAS signaling from the UE includes the Capability ID, the AMF can forward both the ID and any stored capability information directly to the gNB, e.g., if initial registration, in the InitialContextSetupRequest message (see above).  Then, the gNB have access to and can benefit from any stored Capability ID mapping before reconfiguration also in the case of NAS signaling.

In situations when neither the AMF nor the gNB have the capability ID mapping, the enquiry procedure can be executed, and any mappings can be updated both in gNB and in AMF. 

[bookmark: _Toc528866897][bookmark: _Toc528746009][bookmark: _Toc528830553][bookmark: _Toc528846185][bookmark: _Toc528877582]Even solutions where Capability ID is signalled over NAS can offer benefits from storing the capability ID mapping in the gNB, it may not be necessary to include the ID in RRC signaling. 
UE Capability ID included in msg5. 
Including the Capability ID in msg5 in RRC is another option elaborated on and mentioned in the e-mail-discussion. It carries the advantage of early availability and maximizing benefit of storing the capabilities in the gNB. We think that given there are no issues to signal it before security mode commands, that this is really the preferred signaling solution as it enables all benefits of early capability information, minimized signalling over air and network interfaces as well as minimum processing and memory utilization in the gNB.

[bookmark: _Toc528746010][bookmark: _Toc528830554][bookmark: _Toc528846186][bookmark: _Toc528866898][bookmark: _Toc528877583]Including capability ID in msg5 offers benefits of storing capability ID mapping in the gNB.

Conclusion
In section 2 we made the following observations:
Observation 1	Transferring UE Capability ID in UECapabilityInformation can be done after security mode commands and can then meet any privacy/security concern.
Observation 2	The RRC UECapabilityInformation message is typically received after NAS communication (e.g., InitialContextSetupRequest)
Observation 3	Capability ID signalling solutions based on RRC signalling where the ID is included only in the UECapabilityInformation message is not providing any significant benefits for the gNB over that of including it in NAS signalling.
Observation 4	Even solutions where Capability ID is signalled over NAS can offer benefits from storing the capability ID mapping in the gNB, it may not be necessary to include the ID in RRC signaling.
Observation 5	Including capability ID in msg5 offer all benefits of storing capability ID mapping in the gNB.

Based on the discussion in section 2 we propose the following:
Proposal 1	If Capability ID should be made available early in the gNB, RRC-signaling solutions should allow the Capability ID to be included prior to when it can be retrieved over NG from AMF. This means that UECapabilityInformation cannot be the only message in an RRC signaling solution that can carry the Capability ID.
Proposal 2	Include in the TR that Capability ID shall be possible to include in the UECapabilityInformation message
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