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1   Introduction
At RAN#80 a SI [1] was approved for RAN2 to study possible solutions in R16 with the following objectives  
The work is expected to proceed as follows:

-
RAN2 to study mechanisms to optimise the UE Radio Capability signalling over the air while addressing the limitations of radio protocol interface:

-
[to be discussed with higher priority] using UE capability identity (in coordination with SA2) and 

-
using other means (e.g. compression, segmentation). 

-
RAN2 to study and define the interaction between the above mechanisms and the signaling of UE Radio Capability mechanism over the radio interface specified as of Rel-15

-
RAN3 to study in coordination with RAN2 and SA2 means to reduce the signaling over CN-RAN and RAN-RAN interfaces.
The study shall consider the possibility to change UE radio capabilities according to TS23.501 (in coordination with SA2).
One of the solutions to reduce the capability size is to use UE Capability ID to represent the UE radio capability set which are common for the UEs with same hardware and software version. This UE Capability ID could be used among UE, gNB and CN to reduce size need for the capability transfer.

Some interim conclusions on the capability ID in network interface were agreed by SA2 in SA#129bis and SA#130 as shown below. 
For key issue #2 the following principles are agreed:

-
Owing to the need to support UE Radio Access Capabilities > 65 536 bytes (i.e. > 524 288 bits), and, the need to support fast, reliable, low processing complexity mechanisms for frequently used procedures (at least Service Request, RRC Connection Resume, X2&Xn handover, secondary gNB addition), the full UE Radio Access Capabilities shall not normally be transferred as part of those procedures. This requires that the serving and target RAN stores a local copy of the mapping between the UE Capability IDs and the full UE Radio Access Capabilities for the UEs that frequently use that RAN node.
-
AMF that supports the RACS feature is mandated to have access to full set of UEs radio capabilities and the mapping between UE Capability ID and corresponding UE radio capabilities for at least the UEs registered in this AMF;

-
NG-RAN that supports RACS, is mandatory to be able to maintain local storage of UE radio capabilities and have access to the mapping between the UE Capability ID and the full set of UEs radio capabilities;

-
A specific NG-RAN node that does not have the mapping between a specific UE Capability ID and the corresponding UE radio capabilities, shall be able to retrieve the mapping from CN.
 In this contribution we will discuss on storage of UE capability in RAN side and the need of capability ID in RAN-RAN interfaces. 
2   Discussion
2.1   UE capability ID dictionary stored in RAN 

It has been agreed in SA2 that the AMF is mandated to store the UEs radio capabilities and corresponding Capability IDs for at least the UEs registered in this AMF. NG RAN is also mandated to maintain a local dictionary and NG RAN could retrieval the mapping from CN for the unknown UE capability ID. However, the detail on the dictionary in NG RAN side still needs further discussion.
The NG RAN maintains the UE context and radio capabilities for the UEs in RRC CONNECTED mode and RRC INACTIVE mode today. Therefore, it is straightforward to assume that the NG RAN would maintain the UE radio capability sets and capability IDs for them. This would help the NG RAN to reduce the storage consumption if some of the UEs have the same capabilities. 

Proposal 1: NG RAN shall maintain the UE radio capability sets and capability IDs for UEs in RRC_CONNECTED and RRC_INACTIVE mode

It is up to the NG RAN to increase the size of the dictionary in the RAN side, according to the storage capacity in NG RAN to store more radio capability sets and capability IDs in addition to the UE radio capability sets and capability IDs for RRC_CONNECTED and RRC_INACTIVE UEs.  For example mostly frequently used UE capability IDs could be stored in NG RAN even if they are not related to any UE context in the NG RAN. This is beneficial for the NG RAN to early identify the UE capability if the UE Capability ID is reported in msg5, also to reduce the signalling overhead for UE capability transfer in network interfaces. 
Proposal 2: NG RAN could maintain UE radio capability sets and UE Capability IDs which are not related to any UE context in the NG RAN in best effort mode.
2.2   UE capability ID transfer over Xn interface

As discussed in the section above, the NG RAN could maintain UE radio capability sets and UE Capability IDs for UEs in RRC CONNECTED and RRC INACTIVE and also maintain UE radio capability sets and UE Capability IDs which are not related to any UE context in the NG RAN in best effort mode. This means for different NG RAN nodes, the stored capability ID dictionary may be possibly different. If capability ID instead of UE radio capability is used in Xn procedure for example Handover procedure, it would have the risk that the target NG RAN may not know the capability ID and thus can’t allocate the resources for handover. A second round of signalling procedure including radio capability set is needed in such case as shown the figure below. This would of course increase the handover latency and number of required signalling.
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Figure 1 UE capability ID transfer in handover procedure
To avoid second round in case of absent UE capability ID at the target gNB, there are several options as below:

· Option1: synchronize the capability ID dictionary between NG RANs whenever the capability ID dictionary changes

One potential solution to avoid second round of handover procedure is to allow the neighbour gNBs to synchronize the capability ID dictionary whenever the capability ID dictionary changes (for example, some IDs and related capability sets are removed or added in gNB considering the storage usage). However, since the capability ID dictionary in NG RAN includes the capabilities for INACTIVE and CONNECTED and subject to the NG RAN storage capacity, it would change fast with the UE state transition. The cost for capability ID synchronization would be much higher than transfer capability in Handover/Context Retrieval procedure.  
· Option2: synchronize the capability dictionary between NG RANs only for the mostly frequently used Capability ID
In this option, the mostly frequently used Capability ID and radio capability sets could be stored in NG RAN statically. And it is not required to synchronize the full set of directory between NG RANs. Only some of the mostly frequency used Capability IDs which are updated less frequently in NG RAN are synchronized between NG RANs. It could be synchronized by OAM or Xn Setup procedure.
Proposal 3: NG-RANs can synchronize the capability dictionary with each other only for the mostly frequently used Capability ID.
For handover procedure and context retrieval procedure, if the source NG RAN knows that UE capability ID is known to the target NG RAN, the capability ID could be used instead of UE radio capability.
Proposal 4: During handover procedure and context retrieval procedure,  the capability ID instead of UE radio capability can be used in case the source NG RAN knows that the concerned UE capability ID is known to the target NG RAN.

For CU/DU split scenario, since the UE radio capabilities stored in DU is well known by CU, it possible for CU to use Capability ID instead of UE radio capability in F1 procedures. For example, when CU initiates UE Context Setup procedure, if the capability ID used for this UE is same to an existing UE in connected mode. The CU would know the capability is known by the DU and thus could include the capability ID instead of radio capability set in UE Context Setup message.  It should be noticed that the benefit is very limited as the bandwidth for F1 is usually not a problem and this optimization only could be used whenever the capability ID is used by at least on UE in Connected mode. However, considering that the minimal specification change to support this, the usage of capability ID can be supported over F1. 
Proposal 5: Capability ID instead of UE radio capability can be used over F1 interface, e.g. for UE Context Setup procedure.

3   Conclusion
It is proposed RAN3 to discuss and agree the following proposals. 
Proposal 1: NG RAN shall maintain the UE radio capability sets and capability IDs for UEs in RRC_CONNECTED and RRC_INACTIVE mode

Proposal 2: NG RAN could maintain UE radio capability sets and UE Capability IDs which are not related to any UE context in the NG RAN in best effort mode.

Proposal 3: NG-RANs can synchronize the capability dictionary with each other only for the mostly frequently used Capability ID.
Proposal 4: During handover procedure and context retrieval procedure,  the capability ID instead of UE radio capability can be used in case the source NG RAN knows that the concerned UE capability ID is known to the target NG RAN.

Proposal 5: Capability ID instead of UE radio capability can be used over F1 interface, e.g. for UE Context Setup procedure.
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