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1
Introduction
SA2 almost completed Radio Capability Signaling Optimization (RACS) feature and RAN3 specifications should support RACS feature.

This paper summaries the RACS scenarios and the impact on S1AP/NGAP and X2AP/XnAP.
2
Discussion
2.1
Impact on S1AP/NGAP
2.1.1
Initial Context Setup
As specified in TS 23.401 [1], TS 23.501 [2] and TS 23.502 [3], if the MME or the AMF has UE Radio Capability ID in the UE CN context, the MME or the AMF provides the UE Radio Capability ID instead of the UE Radio Capability information when the UE access the network. If the RAN node supports RACS feature and already stores the UE Radio Capability information associated with the UE Radio Capability ID, the RAN node performs RRC Reconfiguration procedure as following the existing procedure. However, if the RAN node doesn’t have the UE Radio Capability information associated with the UE Radio Capability ID, as specified in TS 23.401 [1], TS 23.501 [2] and TS 23.502 [3], the RAN node queries the UE Radio Capability information to the CN. The mapping between the UE Radio Capability information and the UE Radio Capability ID is common for all UEs. So, the new radio information query procedure should be non-UE associated procedure for efficiency.
In case that the RAN node doesn’t support the RACS feature, the RAN node should indicate the failure of the initial context setup to the CN. Figure 1 summarizes the impact on S1/NGAP for the initial context setup.
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Figure 1. Initial Context Setup scenario
Proposal 1: The new UE Radio Capability ID IE is included as optional in the S1/NG INITIAL UE CONTEXT SETUP REQUEST message and the new S1/NG Radio Capability Information Request procedure is added as non-UE associated procedure.

2.1.2
Update of UE Radio Capability ID 
If the CN doesn’t have the UE Radio Capability information or the UE Radio Capability ID in the UE CN context (e.g. in case of very early initial connection), the CN can’t provide UE radio capability information to the RAN node during the initial context setup procedure and the RAN node should query the radio capability information to the UE. Later the RAN node indicates UE’s Radio Capability information to the CN by sending the UE RADIO CAPABILITY INFO INDICATION message. And after the UE Radio Capability ID is available in the CN, as shown in Figure 2, the CN indicates the UE Radio Capability ID mapped to the UE Radio Capability Information by initiating the UE Context Modification procedure.
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Figure 2. Update of UE Radio Capability ID by CN
Proposal 2: The new UE Radio Capability ID IE is included as optional in the S1/NG UE CONTEXT MODIFICATION REQUEST message.

2.1.3
S1/NG-based Handover
If the RACS feature is supported in both the source RAN node and the CN, and the UE Radio Capability ID is available, the source RAN node and the CN already know the UE Radio Capability ID in use. So the source RAN node doesn’t need to include the UE Radio Capability ID in the HANDOVER REQURIED message when it initiates S1/NG-based handover. Instead, the CN can include the UE Radio Capability ID when it sends the HANDOVER REQUEST message to the target RAN node. If the target node already stores the UE Radio Capability information associated with the UE Radio Capability ID, the target node can perform remaining handover procedure as existing handover procedure. However, like the initial context setup procedure, if the target node doesn’t have the UE Radio Capability information associated with the UE Radio Capability ID, it should query the capability information to the CN. And after getting the UE Radio Capability information, the target node can perform remaining handover procedure. Figure 3 summarizes the S1/NGAP impact in case of S1/NG-based handover..
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Figure 3. S1/NG-based Handover scenario
Proposal 3: The new UE Radio Capability ID IE is included as optional in the S1/NG HANDOVER REQUEST message.
2.1.4
X2/Xn-based Handover
When the source RAN node decides to perform X2/Xn-based handover, the source RAN node directly sends the X2/Xn HANDOVER REQUEST message to the target RAN node. If the UE Radio Capability ID is available for the UE in the source node, the source RAN node should indicate the UE Radio Capability ID to the target RAN node as specified in TS 23.401 [1], TS 23.501 [2] and TS 23.502 [3]. If the target RAN node doesn’t have the UE Radio Capability information, the target RAN node should ask the radio capability information to the CN. 

Different from S1/NG-based handover, the CN is not involved during the handover preparation procedure, but later the CN is informed by receiving the PATH SWITCH REQUEST message from the target RAN node. The CN doesn’t know whether the UE Radio Capability ID for the UE is available in the target RAN node. So the CN needs to indicate the UE Radio Capability ID for the UE during the Path Switch procedure.
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Figure 4. X2/Xn-based Handover scenario
Proposal 4: The new UE Radio Capability ID IE is included as optional in the S1/NG PATH SWITHC REQUEST ACKNOWLEDGE message.

2.2
Impact on X2AP/XnAP
2.2.1
X2/Xn-based Handover
As discussed in sect. 2.1.4 and shown in Figure 4, the UE Radio Capability ID for the UE is available in the source RAN node, it should include the UE Radio Capability ID in the HANDOVER REQUEST message to the target RAN node.

Proposal 5: The new UE Radio Capability ID IE is included as optional in the X2/Xn HANDOVER REQUEST message.

2.2.2
Resume - UE Context Retrieval
When performing UE Resume procedure, the RAN node that the UE accesses to should retrieve the context for the UE from the last serving RAN node. And if the UE Radio Capability ID is available in the last serving RAN node, it should include the UE Radio Capability ID instead of the UE Radio Capability information when the last serving RAN node forwards the UE context information to the current RAN node. Figure 5 shows the procedures for the UE resume scenario.
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Figure 5. Resume scenario
Proposal 6: The new UE Radio Capability ID IE is included as optional in the X2/Xn RETRIEVE UE CONTEXT RESPONSE message.

2.2.3
Secondary Node Addition in EN-DC/MR-DC
When EN-DC or MR-DC is used, the Secondary Node as well as the Master Node may support the RACS feature to reduce the signalling overhead over X2/Xn interface. So if the UE Radio Capability ID is available in the MN, the MN should include the UE Radio Capability ID instead of the UE Radio Capability information when it initiates the SN addition procedure. If the SN already stores the UE Radio Capability information associated with the UE Radio Capability ID, the SN performs the remaining SN addition procedure. However, if the SN doesn’t have the UE Radio Capability information associated with the UE Radio Capability ID, it should query the UE Radio Capability information to the MN. Figure 6 shows the abstract procedure and the X2/Xn impact in case of the SN addition.
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Figure 6. SN addition scenario in EN-DC/MR-DC
Proposal 7: The new UE Radio Capability ID IE is included as optional in the X2/Xn SN ADDITION REQUEST message and the new X2/Xn Radio Capability Information Request procedure is added as non-UE associated procedure.

3
Conclusion
Proposal 1: The new UE Radio Capability ID IE is included as optional in the S1/NG INITIAL UE CONTEXT SETUP REQUEST message and the new S1/NG Radio Capability Information Request procedure is added as non-UE associated procedure.

Proposal 2: The new UE Radio Capability ID IE is included as optional in the S1/NG UE CONTEXT MODIFICATION REQUEST message.

Proposal 3: The new UE Radio Capability ID IE is included as optional in the S1/NG HANDOVER REQUEST message.

Proposal 4: The new UE Radio Capability ID IE is included as optional in the S1/NG PATH SWITHC REQUEST ACKNOWLEDGE message.

Proposal 5: The new UE Radio Capability ID IE is included as optional in the X2/Xn HANDOVER REQUEST message.

Proposal 6: The new UE Radio Capability ID IE is included as optional in the X2/Xn RETRIEVE UE CONTEXT RESPONSE message.

Proposal 7: The new UE Radio Capability ID IE is included as optional in the X2/Xn SN ADDITION REQUEST message and the new X2/Xn Radio Capability Information Request procedure is added as non-UE associated procedure.

Proposal 8: RAN3 agrees on the draft CRs for TS 36.413/TS 38.413 and TS 36.423/TS 38.423 in [4]-[7].
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