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1. Introduction
In the WID [1], the work of RACS WI is expected to proceed as follows:
-	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;
-	After initial discussion of UE capability identify, whether simple delta signalling for the UE capability identity is specified will be concluded as part of the work;
-	RAN2 to specify the mechanism for the segmentation of UE Radio Capability signaling at RRC (for cases when the UE capability size exceeds the maximum PDCP SDU size).
The work encompasses both 5GS and EPS.  Work will be done in collaboration with SA WGs for the related system architectural aspects and CT WGs for the CN interfaces.
Currently, SA2 and RAN2 have made some progress on RACS; some CRs have been captured in TS 23.501[2] and TS 23.401[3].
Based on the progress of SA2, in this contribution we will make brief analysis on the impact of network interfaces to make support of RACS feature. 

2. Discussion
According to the RACS WID [1], the major work of RAN3 is to specify the mechanism to optimize the UE Radio Capability signaling using UE capability identity for both E-UTRA and NR (in coordination with SA2). In this contribution, we will focus on the network interface part to optimize the UE Radio Capability signaling using UE capability identity, mainly on the following issues:
· RAN Capability of RACS feature
· Local caching of UE capability
· Signalling of UE Radio Capability ID
· Recycle of UE Radio Capability ID
· Filter of UE Radio Capability

Issue 1: RAN Capability of RACS feature
RACS works by assigning an identifier to represent a set of UE radio capabilities. This identifier is called UE Radio Capability ID. On RACS feature, it has been specified in 23.501 [1], as below:
Mutual detection of the support of the RACS feature happens between NG-RAN nodes at Xn setup and between NG-RAN and AMF at N2 setup time. To allow for a mix of RACS-supporting and non-RACS-supporting RAN nodes over the Xn interfaces, the UE Radio Capability ID should be included in the Path Switch signalling between AMF and NG-RAN. In addition, RACS-supporting RAN nodes can be discovered across inter-CN node boundaries e.g. using the Configuration Transfer procedure. The support of RACS by peer AMFs or MMEs is based on configuration in a PLMN or across PLMNs.

Core Network provides UE capability ID or not to RAN node depending on it is RACS-supporting or non-RACS-supporting. In case a RAN node supports the RACS feature, CN could just send UE capability ID to the RAN node. Or else, CN should not provide UE capability ID to the RAN node, should provide the complete UE radio capability as before. So Core Network should have the knowledge of the RAN Capability of RACS. To support this, RAN node should indicate the capability of RACS to the Core Network via NGAP/S1AP signalling or via OAM configuration. On the contrary, RAN does not need to know the CN capability on RACS-supporting.
Proposal 1: CN should know the RAN capability on RACS-supporting via NGAP/S1AP signalling or via OAM configuration, while RAN does not need to know the CN capability on RACS-supporting.
As been specified in [1], RAN nodes also need to exchange the capability of RACS feature in Xn/X2 interface. In case both of the nodes support RACS, the source node could provide UE Radio Capability ID to the target node in case of Handover procedure. When the source RAN node or the target RAN node does not support RACS feature, the handover behavior should be same as legacy. 
Proposal 2:the capability of RACS-supporting should be exchanged between the RAN nodes, via Xn/X2 setup procedure or via OAM configuration.

Issue 2: Local caching of UE capability
As been specified in 23.501 [2], In order to be able to interpret the UE Radio Capability ID a Network Function or node may store a local copy of the mapping between the UE Radio Capability ID and its corresponding UE Radio Access Capabilities information i.e. a dictionary entry. When no mapping is available between a UE Radio Capability ID and the corresponding UE Radio Capability information in a Network Function or node, this Network Function or node shall be able to retrieve this mapping and store it. Details are as below:
The UCMF (UE radio Capability Management Function) stores all UE Radio Capability ID mappings in a PLMN and is responsible for assigning every PLMN-assigned UE Radio Capability ID in this PLMN, see clause 6.2.x.
In order to be able to interpret the UE Radio Capability ID a Network Function or node may store a local copy of the mapping between the UE Radio Capability ID and its corresponding UE Radio Access Capabilities information i.e. a dictionary entry. When no mapping is available between a UE Radio Capability ID and the corresponding UE Radio Capability information in a Network Function or node, this Network Function or node shall be able to retrieve this mapping and store it. 
-	An AMF which supports RACS shall store such UE Radio Capability ID mapping at least for all the UEs that it serves that have a UE Radio Capability ID assigned. 
-	The NG-RAN performs local caching of the UE Radio Access Capabilities for the UE Radio Capability IDs for the UEs it is serving, and potentially for other UE Radio Capability IDs according to suitable local policies. 
-	When the NG-RAN needs to retrieve the mapping of a UE Radio Capability ID to the corresponding UE Radio Capability information, it queries the AMF using N2 signalling defined in 3GPP TS 38.413 [34].
-	When the AMF needs to retrieve a PLMN-assigned UE Radio Capability ID for a UE from the UCMF, it provides the UE Radio Capabilities Information for the UE. The UCMF store the association of this IMEI/TAC and SV with this UE Radio Capability ID.
-	When the AMF retrieves the UE Radio Capability Information associated to a UE Radio Capability ID it provides the UE Radio Capability ID it to UCMF in order to obtain a mapping of a UE Radio Capability ID to the corresponding UE Radio Capabilities information.

From the specification as above, the NG-RAN performs local caching of the UE Radio Access Capabilities for the UE Radio Capability IDs for the UEs it is serving, and potentially for other UE Radio Capability IDs according to suitable local policies. It’s also applied to LTE, details are specified in 23.401 [3].
Observation 1: RAN node should perform local caching of UE Radio Access Capabilities for the UE Radio Capability IDs.
On how to perform the local caching, here provides some options:
· Option 1: CN provides the whole mapping, RAN nodes do the local caching.
CN provides the whole mapping between UE Radio Access Capabilities and UE Radio Capability IDs it have to the RAN nodes in NG/S1 setup procedure or AMF/MME configuration update procedure.
· Option 2: RAN node retrieves the UE radio capability one by one, and caching it locally.
When UE access, CN provides UE capability ID to RAN, RAN retrieves corresponding UE radio capability from CN if it’s not cached,  and local caching it for future using. 
· Option 3: Option 1 + Option 2.
CN provides the whole mapping between the UE radio capabilities and corresponding IDs to the RAN nodes via NG/S1 setup procedure or AMF/MME configuration update procedure. When RAN node receives a UE Radio Capability ID but could not find corresponding UE Radio Capability, it retrieves the UE radio capability from CN.
Proposal 3: To discuss how to retrieve and store the UE Radio Capability IDs and corresponding UE Radio Capabilities in the RAN nodes.

Issue 3: Signalling of UE Radio Capability ID 
From the specification[2], we could see the UE Radio Capability ID provided to RAN nodes from CN and between RAN nodes can be either UE manufacturer assigned or PLMN-assigned.
RACS works by assigning an identifier to represent a set of UE radio capabilities. This identifier is called UE Radio Capability ID. A UE Radio Capability ID can be either UE manufacturer assigned or PLMN-assigned, as specified in clause 5.9.x. The UE Radio Capability ID is an alternative to the signalling of the radio capabilities container over the radio interface, within NG-RAN, from NG-RAN to E-UTRAN, from AMF to NG-RAN and between CN nodes supporting RACS. 
PLMN-assigned UE Radio Capability ID is assigned to the UE using the UE Configuration Update procedure, or Registration Accept as defined in TS 23.502 [3].

In case a RAN node support more than one PLMN, it should store PLMN specific UE Radio Capability IDs per PLMN. For manufacturer assigned UE Radio Capability ID, no need to distinguish PLMN. RAN node should be able to identify a UE Radio Capability ID is PLMN-assigned or manufacturer assigned. The encoding of the two types of UE Radio Capability ID should be decided by RAN2 and SA2. 
Observation 2: UE Radio Capability ID provided to RAN nodes from CN and between RAN nodes can be either UE manufacturer assigned or PLMN-assigned.

The UE Radio Capability ID is an alternative to the signalling of the radio capabilities container over the radio interface, within NG-RAN, from NG-RAN to E-UTRAN, from AMF to NG-RAN and between CN nodes supporting RACS. By signalling the UE Radio Capability ID, the size of the corresponding interface messages could be greatly reduced.
Observation 3: UE Radio Capability ID could be used as an alternative to the UE radio capabilities in the relevant network interfaces, e.g. NG, Xn, S1 and X2. 

As specified in [1], for the legacy UEs which not support RACS, network may also utilize the PLMN-assigned UE Radio Capability ID in the network interfaces, i.e. NG/S1/Xn/X2 This could also reduce the size of the corresponding interface messages which include the UE Radio Capabilities.
Observation 4: A network may utilize the PLMN-assigned UE Radio Capability ID, without involving the UE, e.g. for use with legacy UEs.

For NG/S1 interface, CN should provide the UE capability ID to RAN in all the downlink NGAP/S1AP messages to indicate the UE Radio Capability, and the UE Radio Capability does not need to be included any longer. 
Proposal 4: UE capability ID should be provided from CN to RAN in the downlink NGAP/S1AP messages, such as Initial Context Setup Request in case the RAN node support RACS feature.

For Xn/X2, the UE capability ID should be included in Handover Request, RETRIEVE UE CONTEXT RESPONSE, if both of the source and target RAN nodes support RACS feature.
Proposal 5: The UE capability ID should be included in Handover Request, RETRIEVE UE CONTEXT RESPONSE, if both of the source and target RAN nodes support RACS feature.

To allow a mix of RACS-supporting and non-RACS-supporting RAN nodes over the Xn interfaces, the UE Radio Capability ID should be included in the Path Switch signalling between CN and the target RAN in case UE handovers from a non-RACS-supporting RAN node to a RACS-supporting RAN node. The target RAN could cache the UE Radio Capability provided by the source RAN node and mapped it to the UE Radio Capability ID provided by CN.
Proposal 6: To support mix of RACS-supporting and non-RACS-supporting RAN nodes over the Xn/X2 interfaces, the UE Radio Capability ID should be included in the Path Switch Request ACK message.  

Issue 4: Recycle of UE Radio Capability ID 
When a PLMN decides to switch to operate based on manufacturer-assigned UE Radio Capability ID for a particular type of UE (e.g. based on TAC and SV):
· for a particular set of UE Radio Capability IDs that is assumed to operate based on UE manufacturer-assigned UE Radio Capability ID, the AMF indicates to UEs to delete the PLMN-assigned UE Radio Capability ID. 
· a UE that receives indication to delete the PLMN-assigned UE Radio Capability ID in the Registration Accept message, or UE Configuration Update command message, deletes any PLMN-assigned UE Radio Capability IDs for this PLMN. The UE proceeds to register with the UE manufacturer assigned UE Radio Capability ID that is applicable to the current UE Radio configuration. 
Editor’s Note: The interaction between UCMF and AMF in order to switch to operate based on manufacturer-assigned UE Radio Capability ID for a particular type of UE is FFS.

As specified in [2], when a PLMN decides to switch to operate based on manufacturer-assigned UE Radio Capability ID for a particular type of UE (e.g. based on TAC and SV), it will indicate UE to delete any PLMN-assigned UE Radio Capability IDs for this PLMN. However, the RAN behavior is not clear, keep the PLMN-assigned UE Radio Capability IDs or delete them.
It’s assumed if CN decides to delete a PLMN specific UE capability ID only for some type of UE, the local caching of the UE radio capability in RAN should be kept and could be used for the other UEs with the same capability. If CN decides to delete a PLMN specific UE capability ID, it should indicate the RAN nodes to delete the ID and corresponding UE radio capabilities local cached.
Proposal 7: If CN decides to delete a PLMN specific UE capability ID, it should indicate the RAN nodes to delete the ID and corresponding UE radio capabilities local cached.

Issue 5: Filter of UE Radio Capability 
The NG-RAN may apply RRC filtering of UE radio capabilities when it retrieves the UE Radio Capabilities information from the UE as defined in TS 38.331 [28].
NOTE 2:	In a RACS supporting PLMN, the filter of UE Radio Capabilities configured in NG-RAN is preferably as wide in scope as possible (e.g. PLMN-wide). In this case, it corresponds e.g. to the super-set of bands, band-combinations and RATs the PLMN deploys and not only to the specific NG-RAN node or region.
NOTE 3:	If the filter of UE Radio Capabilities configured in two NG-RAN nodes is different, during handover between these two nodes, it is possible that the target NG-RAN node might need to enquire the UE for its UE Radio Capability information again and trigger re-allocation of a PLMN-assigned UE Radio Capability ID leading to extra signalling. Additionally, a narrow filter might reduce the list of candidate target nodes.

As specified in 23.501 [2] and been discussed in RAN2, the filter of UE Radio Capabilities configured in NG-RAN nodes could be PLMN specific, could also be RAN node specific. E.g. adjacent gNBs support different frequency bands. 
Observation 5: Filter of UE Radio Capability could be same or different between the RAN nodes for a specific PLMN.
The mechanism of using different UE capability IDs in the gNB/eNBs with different filters need to be further discussed. RAN3 should further consider how to handle the UE capability ID in case of different filters are applied for different gNBs/eNBs. E.g. whether and how to exchange the filter of the UE Radio Capability between adjacent RAN nodes? How to maintain the UE Radio Capability ID in case of different filters are applied between the RAN nodes, enquire the UE capability from UE using new filter or retrieve UE capability (ID) from the core network?
Proposal 8: RAN3 is requested to discuss how to handle the UE capability ID in case of different filters are applied to different gNBs/eNBs.

Summary of potential standard impact:
Based on the discussion above, we summarized the potential standard impact to network interfaces as below:
NGAP:
· Add RACS-supporting indication from RAN to AMF, e.g. in NG Setup Request, if signalling based solution is adopted.
· Add an optional UE Capability ID in the following messages:
·  INITIAL CONTEXT SETUP REQUEST
·  PATH SWITCH REQUEST ACKNOWLEDGE
· Add new procedure to retrieve UE Radio Capability from AMF, e.g. UE CAPABILITY RETRIEVE REQUEST/RESPONSE. 
· Add new procedure to indicate NG-RAN to delete one or more UE Radio Capability IDs.

XnAP:
· RACS-supporting indication between RAN nodes, e.g. in Xn Setup Request/Response, if signalling based solution is adopted.
· Add UE Radio Capability ID in HANDOVER REQUEST and RETRIEVE UE CONTEXT RESPONSE messages.
· Exchange the filter of UE Radio Capability? 

S1AP:
· Add RACS-supporting indication from RAN to MME, e.g. in S1 Setup Request, if signalling based solution is adopted.
· Add an optional UE Capability ID in the following messages:
· INITIAL CONTEXT SETUP REQUEST
· UE RADIO CAPABILITY MATCH REQUEST
· CONNECTION ESTABLISHMENT INDICATION
· UE  INFORMATION  TRANSFER
· DOWNLINK NAS TRANSPORT
· PATH SWITCH REQUEST ACKNOWLEDGE
· Add new procedure to retrieve UE Radio Capability from AMF, e.g. UE CAPABILITY RETRIEVE REQUEST/RESPONSE.
· Add new procedure to indicate NG-RAN to delete one or more UE Radio Capability IDs.

X2AP:
· RACS-supporting indication between RAN nodes, e.g. in X2 Setup Request/Response, if signalling based solution is adopted.
· Add UE Radio Capability ID in HANDOVER REQUEST and RETRIEVE UE CONTEXT RESPONSE messages.
· Exchange the filter of UE Radio Capability? 
Proposal 9: Take the standard impacts on the NGAP,XnAP,S1AP and X2AP into account.
3. Conclusion 
In this contribution, we discussed the overall impact to network interfaces to support RACS feature and provided the following observations and proposals:
Observation 1: RAN node should perform local caching of UE Radio Access Capabilities for the UE Radio Capability IDs.
Observation 2: UE Radio Capability ID provided to RAN nodes from CN and between RAN nodes can be either UE manufacturer assigned or PLMN-assigned.
Observation 3: UE Radio Capability ID could be used as an alternative to the UE radio capabilities in the relevant network interfaces, e.g. NG, Xn, S1 and X2. 
Observation 4: A network may utilize the PLMN-assigned UE Radio Capability ID, without involving the UE, e.g. for use with legacy UEs.
Observation 5: Filter of UE Radio Capability could be same or different between the RAN nodes for a specific PLMN.

Proposal 1: CN should know the RAN capability on RACS-supporting via NGAP/S1AP signalling or via OAM configuration, while RAN does not need to know the CN capability on RACS-supporting.
Proposal 2:the capability of RACS-supporting should be exchanged between the RAN nodes, via Xn/X2 setup procedure or via OAM configuration.
[bookmark: _GoBack]Proposal 3: To discuss how to retrieve and store the UE Radio Capability IDs and the corresponding UE Radio Capabilities in the RAN nodes.
Proposal 4: UE capability ID should be provided from CN to RAN in the downlink NGAP/S1AP messages, such as Initial Context Setup Request in case the RAN node support RACS feature.
Proposal 5: UE the UE capability ID should be included in Handover Request, RETRIEVE UE CONTEXT RESPONSE, if both of the source and target RAN nodes support RACS feature.
Proposal 6: To support mix of RACS-supporting and non-RACS-supporting RAN nodes over the Xn/X2 interfaces, the UE Radio Capability ID should be included in the Path Switch Request ACK message.  
Proposal 7: If CN decides to delete a PLMN specific UE capability ID, it should indicate the RAN nodes to delete the ID and corresponding UE radio capabilities local cached.
Proposal 8: RAN3 is requested to discuss how to handle the UE capability ID in case of different filters are applied to different gNBs/eNBs.
Proposal 9: Take the standard impacts on the NGAP,XnAP,S1AP and X2AP into account.
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