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1. Introduction
In this contribution, we evaluate some inter node RRC messages containing UE radio capability information to see whether it is needed to include UE capability ID in these messages to reduce the signaling overhead.
2. Discussion
[bookmark: _Toc12718547]2.1 Whether to include UE capability ID in the inter-node RRC messages
In TS38.331, the following inter-node RRC messages contain UE capability information, which are sent either across the X2-, Xn- or the NG-interface, either to or from the gNB.
· [bookmark: _Toc12718552]UERadioAccessCapabilityInformation
· HandoverPreparationInformation
· [bookmark: _Toc12718549]CG-ConfigInfo
In this contribution, we will evaluate whether it is needed to also include UE radio capability ID in these messages and how to include the UE capability ID if needed.
· UERadioAccessCapabilityInformation message
The UERadioAccessCapabilityInformation message is used to transfer UE radio access capability information, covering both upload to and download from the 5GC. 
As captured in TS 23.501[1] and TS 23.502[2], a UE that supports RACS and stores an applicable UE Radio Capability ID for the current UE Radio Configuration in the PLMN, shall signal the UE Radio Capability ID to AMF in the Initial Registration procedure AMF will then store the capability ID in UE context. A UE that supports RACS but has not stored any capability ID can be assigned with one via the Registration Accept message from the AMF and AMF will then store the UE capability ID in UE context f receiving Registration Complete message. In service request procedure, the following description has been captured to address the handling of UE capability ID in N2 request message [2] (i.e. INITIAL CONTEXT SETUP REQUEST message in TS38.413 [3]):
If the NG-RAN node does not support RACS and the AMF have UE Radio Capability ID but not the UE Radio Capability information, then AMF will use Nucmf_UECapabilityManagement_Resolve to try to retrieve the corresponding UE Radio Capability information.
If the NG-RAN node does not support RACS, or the AMF does not have UE Radio Capability ID in UE context, the AMF shall include the UE Radio Capability information, if available, to the NG-RAN node as described in TS 23.501 [2]. If the RAT Type is NB-IoT then NB-IoT specific UE Radio Access Capability Information is included instead, if available.
If AMF has UE Radio Capability ID in UE context and the NG-RAN supports RACS, the AMF signals the UE Radio Capability ID. If the NG-RAN node does not have mapping between the UE Radio Capability ID and the corresponding UE radio capabilities, it shall use the non-UE associated procedure described in TS 38.413 [10] to retrieve the mapping from the AMF.
Based on the above description, it is clear that providing UE radio capability ID from AMF to RAN node via INITIAL CONTEXT SETUP REQUEST message should be supported at least for the case when AMF has UE radio capability ID in UE context and the NG-RAN supports RACS. 
Observation 1: The UE radio capability ID is needed in the UERadioAccessCapabilityInformation message at least for the case when AMF has UE radio capability ID in UE context and the NG-RAN supports RACS.
With regards to how to transmit the UE radio capability ID, the following options can be considered: 
· Option 1: Include UE radio capability ID in UERadioAccessCapabilityInformation.
· Option 2: Include UE radio capability ID in INITIAL CONTEXT SETUP REQUEST message as a separate IE outside the UERadioAccessCapabilityInformation.
In our understanding, there is not much difference between option 1 and option 2 but option 1 is straightforward and has less RAN3 impact. We slightly prefer option 1.
· HandoverPreparationInformation
The HandoverPreparationInformation message is used to transfer the NR RRC information used by the target gNB during handover preparation, including UE capability information. 
Similarly, the following descriptions haven been captured to address the handling of UE capability ID in Xn based inter NG-RAN handover procedure and inter NG-RAN node N2 based handover procedure:
If the source NG RAN and target NG RAN support RACS as defined in TS 23.501, the Source to Target transparent container shall contain the UE's UE Radio Capability ID instead of UE radio access capabilities.
Based on the above description, it is clear that providing UE radio capability ID via source to target transparent container should be supported at least for the case when the source NG RAN and target NG RAN support RACS. 
Observation 2: The UE radio capability ID is needed in the HandoverPreparationInformation message at least for the case when the source NG RAN and target NG RAN support RACS.
And the following two options can be considered:
· Option 1: Include UE radio capability ID in HandoverPreparationInformation.
· Option 2: Include UE radio capability ID in HANDOVER REQUEST message as a separate IE outside HandoverPreparationInformation for Xn based inter NG-RAN handover procedure. Include UE radio capability ID in Source NG-RAN Node to Target NG-RAN Node Transparent Container IE as a separate IE outside HandoverPreparationInformation in the Handover required message for inter-NG-RAN node N2 based handover procedure.
Considering the limited TU allocated in RAN3 for RACS, we slightly prefer option 1 as there will be less RAN3 impact.
· CG-ConfigInfo
This message is used by master eNB or gNB to request the SgNB or SeNB to perform certain actions e.g. to establish, modify or release an SCG. The message may include additional information e.g. to assist the SgNB or SeNB to set the SCG configuration. It can also be used by a CU to request a DU to perform certain actions, e.g. to establish, modify or release an MCG or SCG. The UE radio capability information in CG-ConfigInfo is mandatory present upon SN addition and SN change. It is optionally present upon SN modification. Otherwise, the field is absent.
It might be helpful in reducing the signaling overhead if the UE capability ID is used instead of detailed capability information at the first sight. However, if there is available UE capability ID in the master gNB but the secondary gNB does not support RACS, the master gNB may have to trigger this procedure again to provide the detailed radio capability information after transmission of the capability ID. Or if the secondary gNB support RACS but does not stored the mapping table between the UE capability ID and the detailed capability information, it has to enquiry the radio capability information from the AMF, which will bring more latency in the SN addition/change/modification. 
Providing UE capability ID instead of detailed UE radio capability information in CG-ConfigInfo message is only useful when the secondary gNB supports RACS and has stored the mapping between the ID and the capability information. In this case, it is not clear to us how the master gNB gets to know whether the secondary gNB supports RACS or not and whether there is mapping between the ID and capability information stored at the secondary gNB. Without such information, it is hard for the master node to decide whether to provide the ID or the detailed capability information via CG-ConfigInfo message. Thus, we prefer not to include the capability ID in the CG-ConfigInfo message.
Observation 3: The UE radio capability ID is not needed in the CG-ConfigInfo message.
2.2 How to include UE capability ID in the inter-node RRC messages
The following definition for UE capability ID is given in TS23.501:
The UE Radio Capability ID is a short pointer with format defined in TS 23.003 [4] that is used to uniquely identify a set of UE Radio Capabilities. The UE Radio Capability ID is assigned either by the serving PLMN or by the UE manufacturer, as follows:
-	Manufacturer-assigned: The UE Radio Capability ID may be assigned by the UE manufacturer in which case it is accompanied with the UE manufacturer information (e.g. TAC field in the PEI). In this case, the UE Radio Capability ID uniquely identifies a set of UE Radio Capabilities for this manufacturer, and together with this UE manufacturer information uniquely identify this set of UE Radio Capabilities in any PLMN.
-	PLMN-assigned: If a manufacturer-assigned UE Radio Capability ID is not used by the UE or the serving network, or it is not recognised by the serving PLMN UCMF, the UCMF may allocate UE Radio Capability IDs for the UE corresponding to different sets of UE Radio capabilities the PLMN may receive from the UE at different times. In this case, the UE Radio Capability IDs the UE receives are applicable to the serving PLMN and uniquely identify the corresponding sets of UE Radio Capabilities in this PLMN.
Based on the definitions above, it is clear that the UE radio capability ID is RAT independent.
Proposal 1: The UE radio capability ID is RAT independent.
As mentioned in 2.1, we suggest to include the UE capability ID in HandoverPreparationInformation message and UERadioAccessCapabilityInformation message.
In UERadioAccessCapabilityInformation message, the ue-RadioAccessCapabilityInfo is mandatory present and contains the UE-CapabilityRAT-ContainerList. In HandoverPreparationInformation message, the ue-CapabilityRAT-List is mandatory present and contains the UE-CapabilityRAT-ContainerList.
The following two options can be considered to include the UE capability ID in these two messages.
· Option1: Add a new IE in HandoverPreparationInformation message and UERadioAccessCapabilityInformation message separately for the UE capability ID.
· Option2: Extend the UE-CapabilityRAT-ContainerList to include UE capability ID.
The ASN.1 for UE-CapabilityRAT-ContainerList is copied as follows.
-- ASN1START
-- TAG-UE-CAPABILITYRAT-CONTAINERLIST-START
UE-CapabilityRAT-ContainerList ::=    SEQUENCE (SIZE (0..maxRAT-CapabilityContainers)) OF UE-CapabilityRAT-Container
UE-CapabilityRAT-Container ::=        SEQUENCE {
    rat-Type                              RAT-Type,
    ue-CapabilityRAT-Container            OCTET STRING
}
-- TAG-UE-CAPABILITYRAT-CONTAINERLIST-STOP
-- ASN1STOP
	UE-CapabilityRAT-ContainerList field descriptions

	ue-CapabilityRAT-Container
Container for the UE capabilities of the indicated RAT. The encoding is defined in the specification of each RAT:
For rat-Type set to nr: the encoding of UE capabilities is defined in UE-NR-Capability.
For rat-Type set to eutra-nr: the encoding of UE capabilities is defined in UE-MRDC-Capability.
For rat-Type set to eutra: the encoding of UE capabilities is defined in UE-EUTRA-Capability specified in TS 36.331 [10].


To include capability ID in UE-CapabilityRAT-ContainerList, we can reuse the existing structure by defining a new RAT type (e.g. ueCapID) since the UE radio capability ID is RAT independent. When the rat-Type is set to ueCapID, the UE capability ID is included in the ue-CapabilityRAT-Container.
-- ASN1START
-- TAG-RAT-TYPE-START
RAT-Type ::= ENUMERATED {nr, eutra-nr, eutra, ueCapID, ...}
-- TAG-RAT-TYPE-STOP
-- ASN1STOP
We prefer option 2 by defining a new RAT type (e.g. ueCapID) due to less spec impact as no additional IE will be added.
Proposal 2: The UE-CapabilityRAT-ContainerList is extended to include UE capability ID by defining a new RAT type (e.g. ueCapID).
Proposal 3: Agree the draft running CR [5].
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Observation 1: The UE radio capability ID is needed in the UERadioAccessCapabilityInformation message at least for the case when AMF has UE radio capability ID in UE context and the NG-RAN supports RACS.
Observation 2: The UE radio capability ID is needed in the HandoverPreparationInformation message at least for the case when the source NG RAN and target NG RAN support RACS.
Observation 3: The UE radio capability ID is not needed in the CG-ConfigInfo message.
Proposal 1: The UE radio capability ID is RAT independent.
Proposal 2: The UE-CapabilityRAT-ContainerList is extended to include UE capability ID by defining a new RAT type (e.g. UECapID).
Proposal 3: Agree the draft running CR [5].
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