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1. Introduction
At RAN2#107bis, UE radio capability ID signaling in inter-node RRC messages have been discussed and reached the common understanding that the capability ID needs to be exchanged over X2/Xn interface. An LS has been sent to RAN3 to ask them whether an X2/Xn solution would be sufficient or if we need to impact RRC.
In this contribution, we further analyze the need to include UE radio capability ID in inter-node RRC messages exchanged in X2/Xn as well as S1/NG interface and details on how to exchange the UE radio capability ID.
2. Discussion
2.1. [bookmark: _Toc12718547]UE radio capability ID in inter-node RRC messages in NR
The following description about including the UE capability ID instead of UE radio access capabilities in the source to target container has been clearly specified in TS23.502 [1] for both Xn and NG 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.
For Xn based handover procedure, if the source NG RAN and target NG RAN supports RACS, the UE capability ID should be delivered via HANDOVER REQUEST message [2]. Furthermore, as emphasized in 23.502, the UE capability ID shall be included in the source to target transparent container while the only transparent container in HANDOVER REQUEST is RRC Context IE.
Based on the above understanding of the 23.502, we have the following observation:
Observation 1: If the source NG RAN and the target NG RAN support RACS, the UE capability ID should be included in RRC Context IE in HANDOVER REQUEST message during Xn based handover procedure.
For NG based handover procedure, if the source NG RAN and target NG RAN supports RACS, the UE capability ID should be delivered via HANDOVER REQUIRED message [3]. As emphasized in 23.502, the UE capability ID should be included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container in HANDOVER REQUIRED message.
Observation 2: If the source NG RAN and the target NG RAN support RACS, the UE capability ID should be included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container in HANDOVER REQUIRED message during NG based handover procedure.
In addition to the Xn and NG based handover procedure, the UE capability ID can also be transmitted from the old NG RAN node to the new NG RAN node during Retrieve UE Context procedure or transmitted from the M-NG-RAN node to the S-NG-RAN node during the S-NG-RAN node Addition Preparation procedure to reduce the signaling overhead in UE radio capability information exchange.
Observation 3: Transmitting the UE capability ID the M-NG-RAN node to the S-NG-RAN node via S-NODE ADDITION REQUEST message and transmitting the UE capability ID from the old NG-RAN node to the new RAN node via RETRIEVE UE CONTEXT RESPONSE message can be helpful in reducing the signaling over head in UE radio capability information exchange in Xn or NG interface.
After analysis on the structure of the HANDOVER REQUEST message, HANDOVER REQUIRED message, UE Context Information Retrieve UE Context Response message and S-NODE ADDITION REQUEST message, it is obviously that the UE-CapabilityRAT-ContainerList IE is included in all these messages and should be mandatory present. Introducing the UE capability ID in UE-CapabilityRAT-ContainerList can be helpful in reducing the signaling over head in UE radio capability information exchange during Xn/NG based handover procedure, Retrieve UE Context procedure and the S-NG-RAN node Addition Preparation procedure and has the least spec impact in both RAN2 and RAN3.
HANDOVER REQUEST-> RRC Context -> HandoverPreparationInformation -> UE-CapabilityRAT-ContainerList 
HANDOVER REQUIRED->Source NG-RAN Node to Target NG-RAN Node Transparent Container-> HandoverPreparationInformation->UE-CapabilityRAT-ContainerList 
UE Context Information Retrieve UE Context Response->RRC Context -> HandoverPreparationInformation-> UE-CapabilityRAT-ContainerList
S- NODE ADDITION REQUEST->M-NG-RAN node to S-NG-RAN node Container->CG-ConfigInfo->UE-CapabilityRAT-ContainerList
Thus, we have the following proposal:
Proposal 1: The UE capability ID should be introduced in UE-CapabilityRAT-ContainerList IE.
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

Since the UE radio capability ID is RAT independent and there is still a spare bit in the RAT-Type, a new RAT type (e.g. reportUECapID) can be defined. When the UE radio capability ID is exchanged over Xn or NG interface, the rat-Type is set to reportUECapID and the UE capability ID is included in the ue-CapabilityRAT-Container. 
Proposal 2: A new RAT type (e.g. reportUECapID) should be defined. When the UE radio capability ID is exchanged over Xn or NG interface, the rat-Type is set to reportUECapID and the UE capability ID is included in the ue-CapabilityRAT-Container. 
Proposal 3: Agree the draft running CR [4].
2.2. UE radio capability ID in inter-node RRC messages in LTE
For X2 and S1 based handover in TS23.401 [5], the following description has been captured:
If the source eNodeB and target eNodeB support RACS as defined in clause 5.11.3a, the Source to Target transparent container shall contain the UE's UE Radio Capability ID instead of UE radio capabilities.
Similarly, we can have the following observations:
Observation 4: If the source eNB and the target eNB support RACS, the UE capability ID should be included in RRC Context IE in HANDOVER REQUEST message during X2 based handover procedure.
Observation 5: If the source eNB and the target eNB support RACS, the UE capability ID should be included in the Source eNB to Target eNB Transparent Container in HANDOVER REQUIRED message during S1 based handover procedure.
Observation 6: Transmitting the UE capability ID from the M-eNB to the S-eNB via SENB ADDITION REQUEST message and transmiting the UE capability ID from the old eNB to the new eNB via RETRIEVE UE CONTEXT RESPONSE message can be helpful in reducing the signaling over head in UE radio capability information exchange in X2 or S1 interface.
Similarly, it is obviously that the UE-CapabilityRAT-ContainerList IE is included in all these messages (i.e.HANDOVER REQUEST [6], HANDOVER REQUIRED [7], RETRIEVE UE CONTEXT RESPONS and SENB ADDITION REQUEST) and should be mandatory present. Introducing the UE capability ID in UE-CapabilityRAT-ContainerList can be helpful in reducing the signaling over head in UE radio capability information exchange during X2/S1 based handover procedure, Retrieve UE Context procedure and the SeNB Addition Preparation procedure procedure and has the least spec impact in both RAN2 and RAN3.
HANDOVER REQUEST-> RRC Context -> HandoverPreparationInformation -> UE-CapabilityRAT-ContainerList 
HANDOVER REQUIRED->Source eNB to Target eNB Transparent Container-> HandoverPreparationInformation->UE-CapabilityRAT-ContainerList 
RETRIEVE UE CONTEXT RESPONSE->RRC Context -> HandoverPreparationInformation-> UE-CapabilityRAT-ContainerList
SENB ADDITION REQUEST->MeNB to SeNB Container->SCG-ConfigInfo->UECapabilityInformation->UE-CapabilityRAT-ContainerList
Since the UE radio capability ID is RAT independent and there is still a spare bit in the RAT-Type, a new RAT type (e.g. reportUECapID) can be defined. When the UE radio capability ID is exchanged over X2 or S1 interface, the rat-Type is set to reportUECapID and the UE capability ID is included in the ue-CapabilityRAT-Container. 
Proposal 4: Proposal 1 and proposal 2 are applicable in both NR and LTE.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Observation 1: If the source NG RAN and the target NG RAN support RACS, the UE capability ID should be included in RRC Context IE in HANDOVER REQUEST message during Xn based handover procedure.
Observation 2: If the source NG RAN and the target NG RAN support RACS, the UE capability ID should be included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container in HANDOVER REQUIRED message during NG based handover procedure.
Observation 3: Transmitting the UE capability ID the M-NG-RAN node to the S-NG-RAN node via S-NODE ADDITION REQUEST message and transmitting the UE capability ID from the old NG-RAN node to the new RAN node via RETRIEVE UE CONTEXT RESPONSE message can be helpful in reducing the signaling over head in UE radio capability information exchange in Xn or NG interface.
Observation 4: If the source eNB and the target eNB support RACS, the UE capability ID should be included in RRC Context IE in HANDOVER REQUEST message during X2 based handover procedure.
Observation 5: If the source eNB and the target eNB support RACS, the UE capability ID should be included in the Source eNB to Target eNB Transparent Container in HANDOVER REQUIRED message during S1 based handover procedure.
Observation 6: Transmitting the UE capability ID from the M-eNB to the S-eNB via SENB ADDITION REQUEST message and transmitting the UE capability ID from the old eNB to the new eNB via RETRIEVE UE CONTEXT RESPONSE message can be helpful in reducing the signaling over head in UE radio capability information exchange in X2 or S1 interface.
Proposal 1: The UE capability ID should be introduced in UE-CapabilityRAT-ContainerList IE.
Proposal 2: A new RAT type (e.g. reportUECapID) should be defined. When the UE radio capability ID is exchanged over Xn or NG interface, the rat-Type is set to reportUECapID and the UE capability ID is included in the ue-CapabilityRAT-Container. 
Proposal 3: Agree the draft running CR [4].
Proposal 4: Proposal 1 and proposal 2 are applicable in both NR and LTE.
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