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1	Introduction
In the SA2 TR [1], three issues were analysed.
•	Key Issue #1: How are the UE Radio Capabilities identified?
•	Key Issue #2: Where are the UE radio capabilities stored?
•	Key Issue #3: How are the UE radio capabilities managed?
	In RAN#83 meeting, new WI Proposal on optimisations on UE radio capability signalling (RP-190657) was approved with one of objectives:
-	Specify the mechanism to optimize the UE Radio Capability signaling using UE capability identity (in coordination with SA2); [RAN2, RAN3];
-	Signalling enhancements to be specified for both E-UTRA and NR;



In RAN2 TR [2], preference is for a single capability identity covering all capability containers (i.e. UE-NR-Capability, UE-EUTRA-Capability, and UE-MRDC-Capability), as opposed to separate identity values for the different containers. In LTE/EPS and 5GS Rel-15, the UE radio capabilities are stored in the CN when the UE is in CM-IDLE and the following principles apply in terms of retrieval and storage of UE radio capabilities:
-	The AMF/MME stores the UE Radio Capabilities that are forwarded by the RAN in a N2 or S1 message.
-	When a UE establishes a connection, the AMF/MME includes the last received UE capabilities as part of the INITIAL CONTEXT SETUP REQUEST message sent to the RAN.
Based on the understanding in [1], during handover preparation, the source RAN node transfers both the UE source RAT capabilities and the target RAT capabilities to the target RAN node, in order to minimize interruptions. UE radio capabilities are not transferred during inter-MME and from MME to AMF (and vice-versa) mobility but are transferred in inter-AMF mobility inside 5GC.
In RAN2, there has been no discussion on how to handle E capability ID during Xn or S1 handover in [2], for both intra-AMF handover and inter-AMF handover, the paper would discuss and solve it.
2	Discussion 
During handover, legacy UE capabilities transferring between source gNB and target gNB, UE-CapabilityRAT-ContainerList is always included in HandoverPreparationInformation-IEs to target gNB. If UE capability ID is enabled in network and UE, current used UE capability ID shall be transferred from source gNB and target gNB as legacy, and transferred UE-CapabilityRAT-ContainerList is not needed.
Proposal 1: Agree that the UE capability ID is exchanged between source gNB and target gNB in handover preparation.
In RAN2 understanding, the mapping of the ID to UE capability set can be stored at the NG-RAN, the CN, or both. In NR the gNB can determine if it should request more capability information from UE's moving into its cells and UE will provide capability to the network based on the “modified” filter and if an ID is assigned then the ID is associated to whatever capabilities it has transferred earlier. RAN2 also concluded that it is possible for the network to use different filters in different parts of the PLMN. Hence, if an ID is assigned by network, then the ID is associated to whatever capabilities the UE has transferred earlier. Also, in context of PLMN assigned ID, the capability ID is unique within a PLMN.
As different filter may be used in source RAN and target RAN, the UE capability ID used in source is not known in target and is not valid, which means target gNB may not have the mapping of the ID to UE capability set. If so, target gNB shall ask UE to report its capability via UECapabilityInformation or enquire from CN to get back the UE capability set. In the latter case, UE capability set got from CN is not suitable for target RAN (the mapping received will be invalid again as the UE capability ID used in source RAN), target RAN will have to enquire once again to establish one new mapping for new UE capability ID and new received UE capability set. The worst case is the frequent handover happened between two RANs with different filter, to and back, it will lead to extra and huge signalling load to air interface and interface to CN.
To alleviate this issue in the previous section, the list of UE capability ID for a set of cells in the history could be transferred from source RAN to target RAN during handover procedure. The list of IDs and related validity information not only includes the current used ID in source RAN but also includes previous IDs in history. Target RAN stores the received ID list. Target RAN only enquires new UE capability set from UE in case of all IDs in list are unknown in network. This means that the UE shall report all of its stored Capability IDs. If network allocated one new ID to new UE capability set, the network node who currently serves the UE shall add the new ID to the list of UE capability ID and transfer to new target RAN in next handover.
One proposed change is to have the UE History Information updated with all the UE Capability IDs a UE is currently allocated. 
Proposal 2: Agree that the UE capability ID is exchanged as part of the UE History Information for the last visited cells. 
3	Possible impacts to specification
To support Proposal 1, the change is as follows proposed to TS 38.331:
[bookmark: _Toc5285560]–	HandoverPreparationInformation
HandoverPreparationInformation-IEs ::= SEQUENCE {
    ue-CapabilityRAT-List               UE-CapabilityRAT-ContainerList,
    sourceConfig                        AS-Config                        OPTIONAL, -- Cond HO
    rrm-Config                          RRM-Config                       OPTIONAL,
as-Context                          AS-Context                       OPTIONAL,
ue-Capability-Id					UE-Capability-Id				 OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                      OPTIONAL
}

To support Proposal 2, the change is as follows proposed to TS 38.423:
[bookmark: _Toc534900845]9.2.3.64	UE History Information
The UE History Information IE contains information about cells that a UE has been served by in active state prior to the target cell. The overall mechanism is described in TS 36.300 [12].
NOTE:	The definition of this IE is aligned with the definition of the UE History Information IE in TS 38.413 [5].
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Last Visited Cell List
	
	1..<maxnoofCellsinUEHistoryInfo>
	
	Most recent information is added to the top of this list

	>Last Visited Cell Information
	M
	
	9.2.3.65
	

	  > UE capability ID
	M
	
	x.x.x.x
	The UE capability ID that is valid for the UE in this cell.



	Range bound
	Explanation

	maxnoofCellsinUEHistoryInfo
	Maximum number of last visited cell information records that can be reported in the IE. Value is 16.



4	Conclusion
In this contribution we discussed how in the worst case of frequent handover between two RAN’s with different filter there is an extra burden and huge signalling load to Uu and the S1/N2 core network interfaces. To alleviate this problem, we propose the following:
Proposal 1: Agree that the UE capability ID is exchanged between source gNB and target gNB in handover preparation.
Proposal 2: Agree that the UE capability ID is exchanged as part of the UE History Information for the last visited cells. 
Proposal 3: Send LS to RAN3 informing them of the agreement.
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