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1. Introduction
In RAN3#107-e, we discussed and agreed the basic functionalities to support RACS in our interfaces, including UE Radio Capability ID signalling in S1/NG/Xn/X2, UE Radio Capability ID mapping procedure in S1/NG. However, there’re still some open issues/questions left, which need to be further discussed. As summarized in [1]:
And RAN3 doesn’t have consensus on the followings either, and RAN3 may discuss the followings depending on the company’s contributions:
· Stage 2 work
· Whether to use the explicit indication of RACS capability between RAN nodes and between RAN node and CN node.
· Whether to include the UE Radio Capability ID IE in S1/NG UE RADIO CAPABILITY MATCH/CHECK REQUEST messages.
· For inter-system handover, whether to add the UE Radio Capability ID IE in the Source-to-Target Transparent Container IE and the Target-to-Source Transparent Container IE.
· Whether to indicate the maximum size of the UE radio capability information expected by the NG-RAN node is included in the NG/S1 SETUP REQUEST messages.
· Whether to support RACS feature in LTE-DC.
· Whether to introduce a new X2/Xn Radio Capability Information Request procedure as non-UE associated procedure for SN to retrieve the UE Radio Capability information from the MN.
· Whether to support RACS feature over F1 interface.

In this contribution, we will further discuss the left issues for RAN3 on supporting of RACS feature and provide our observations and proposals.
2. Discussion
Issue 1: Stage 2 work?
In the last RAN3 meeting, we mentioned about the stage 2 work for RACS. However, we do not have time to discuss it. 
As we introduced UE Radio Capability ID in the X2AP/XnAP signallings, which will take place of the existing UE Radio Capability in the RRC Container, such as HandoverPreparation, SCG-ConfigInfo. Some companies assumes some stage 2 specification is needed to clarify when to include the UE Radio Capability ID in AP messages or when not to include the UE Radio Capability in RRC Container as before, etc.
On the relationship between the UE Radio Capability ID and UE Radio Capability, and how to signal the UE Radio Capability ID it’s also clearly specified in SA2 spec. We could understand that UE Radio Capability ID is an alternative to the existing UE Radio Capability in the RRC Container for all of our interfaces impacted, as below:
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].

On how to local caching the UE Radio Capabilities, and how to retrieve the mapping from CN, it’s clearly specified in SA2 spec, as below:
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.

Currently, in our BL CRs, the procedure texts showed the RAN behavior upon receiving of UE Radio Capability ID is referred to SA2 spec, take procedure texts for Xn Handover as an example:
If the UE Radio Capability ID IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall store this information and use it as defined in TS 23.501 [7].


Above all, we see Stage 2 work is not necessary, just need to make reference to SA2 specifications, i.e. TS 23.501, TS 23.401.
Proposal 1: Stage 2 work is not necessary for RAN3.

Issue 2: Whether to use the explicit indication of RACS capability between RAN nodes and between RAN node and CN node ?
In previous RAN3 meeting, we discussed several solutions, i.e. OAM based solution, Signalling based solution, and Self-learning solution (by setting the criticality of the UE Radio Capability IE to ‘reject’). 
All the companies believed that the OAM based solution could work. 
Most of the companies preferred not to use an explicit indication to indicate the RACS capability.
From SA2 spec, Capability of RACS feature should be exchanged between RAN and CN, and between the RAN nodes during X2/Xn/S1/NG interface setup procedure and it could also be conveyed between the RAN nodes across inter-CN node boundaries by using the Configuration Transfer procedure, as been specified in 23.501 [2] 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.

From above, we see the signalling based solution is expected in SA2 specification.
Observation 1: In SA2 spec, the signalling based solution is expected.

Some of the companies believed that the “Self-learning” solution could work. It’s still not converged how to set the criticality of the UE Radio Capability IE in different messages, some companies preferred to set ‘reject’ in all messages, some companies preferred to set  ‘reject’ in part of the messages. However, some companies thought we should not to use this solution, the UE Radio Capability IE in all the messages should be set to ‘ignore’.
To make the “Self-learning” solution perfectly work, the behavior of the sending node should be specified when it receives the ‘reject’ response. E.g. the sending node shall treat the receiving node as non-RACS supporting node and not to send UE Radio Capability ID to that node any longer.
We need to further discuss in RAN3, either eliminate the “Self-learning” solution, or add some stage 2 texts. As we could assume that the RACS capability is consistent in a specific PLMN, and if needed, the OAM configuration is enough.
Proposal 2-1: Only adopt OAM based solution to exchange the RACS capability, the criticality of the UE Radio Capability IE should be set to ‘ignore’ for all of the messages.
According to the analysis above, it seems our solution on RACS capability exchange is not aligned with SA2. We should send a Liaison to SA2 include our solution and ask them to do corresponding changes to their spec.
Proposal 2-2: Send a liaison to SA2 [3] on the RACS capability exchange, provide our solutions and ask for corresponding change to their spec.

Issue 3: Whether to include the UE Radio Capability ID IE in S1/NG UE RADIO CAPABILITY MATCH/CHECK REQUEST messages?
For the UE RADIO CAPABILITY MATCH/CHECK REQUEST, it is a common message used by EPC/5GC to check the IMS voice support capability with the RAN node, in which the UE Radio Capability is also provided. We believe that the UE Radio Capability ID could be introduced in these two messages, and then MME/AMF could just include the ID rather than the full UE Radio Capability. Obviously this will bring some benefits to the whole system, otherwise it always requires MME/AMF to send the full capabilities.
Proposal 3: UE Radio Capability ID IE should also be included in S1/NG UE RADIO CAPABILITY MATCH/CHECK REQUEST messages.

Issue 4: For inter-system handover, whether to add the UE Radio Capability ID IE in the Source-to-Target Transparent Container IE and the Target-to-Source Transparent Container IE.
In RAN3#106 meeting, we discussed and agreed to transfer UE Radio Capability ID between RAN nodes in the AP level messages, not in the RRC container. 
In current specification, the UE Radio Capability is included in the Source-to-Target Transparent Container IE, which will be provided to the target RAN node in HANDOVER REQUEST message. Now, we have agreed to introduce the UE Radio Capability ID IE in the NGAP HANDOVER REQUEST message. In case of intra system NG handover or inter-system handover, the source RAN node does not need to include the UE Radio Capability in the RRC container if the target RAN node supports RACS, the CN can add the UE Radio Capability ID in the HANDOVER REQUEST message instead. 
Therefore, there’s no need to add the UE Radio Capability ID IE in the Source-to-Target Transparent Container IE and the Target-to-Source Transparent Container IE.
Proposal 4: No need to add UE Radio Capability ID IE in the Source-to-Target Transparent Container IE and the Target-to-Source Transparent Container IE.

Issue 5: Whether to indicate the maximum size of the UE radio capability information expected by the NG-RAN node is included in the NG/S1 SETUP REQUEST messages?
The issue should be further confirmed. Is there any problem for RAN to phrase the IE if the size of UE Radio capability exceeds 16 max PDCP PDU size? How can CN get the full set of UE capability if its size bigger than 16 max PDCP PDU size? 
And we understand that indicating the maximum size of the UE Radio Capability information expected by the NG-RAN node is included in the NG/S1 SETUP REQUEST messages does not help. It’s not clear what’s the behavior expected for the core network?  Furthermore, we assume this kind of capability for the RAN nodes could be configured to the core network via OAM.
Proposal 5: No need to indicate the maximum size of the UE radio capability information expected by the NG-RAN node is included in the NG/S1 SETUP REQUEST messages, the issue should be further confirmed.

Issue 6: Whether to support RACS feature in LTE-DC?
According to the previous discussion, some companies showed concerns on whether to support RACS for LTE-DC case. The major concern is the LTE-DC is very stable, and we’d better not to touch it.
Firstly, the RACS feature is also applied for LTE. 
Secondly, as specified in [2], 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 2: A network may utilize the PLMN-assigned UE Radio Capability ID, without involving the UE, e.g. for use with legacy UEs.

RACS is an optional  feature, legacy eNBs does not necessary to support this feature. And the eNBs with RACS capability could also send the UE Radio Capability ID in the LTE-DC message(s) in X2, just like the non-DC cases.
Above all, it’s very easy to support RACS for LTE-DC case despite of whether the UE support RACS or not.
For the specification impact,  we could simply align with MR-DC case, just simply add UE Radio Capability ID in SN ADDITION REQUEST.
Proposal 6: Add UE Radio Capability ID in SENB ADDITION REQUEST message in X2AP to support RACS in LTE-DC.

Issue 7: Whether to introduce a new X2/Xn Radio Capability Information Request procedure as non-UE associated procedure for SN to retrieve the UE Radio Capability information from the MN?
First of all, we have introduced the S1/NG UE Radio Capability ID mapping procedure, this could be also be used for X2/Xn handover, DC cases where the target RAN node cannot find the UE Radio Capability associated with the UE Radio Capability ID provided by the source RAN node.
Here, the main issue is SN may have no NG connection in EN-DC scenario, then SgNB could not do the UE Radio Capability ID mapping towards the 5GC.
Actually, in EN-DC, the MeNB could know whether the SgNB is connected to 5GC via EN-DC setup procedure. If 5GS-TAC is provided associated to any NR cell, MeNB shall understand the SgNB is connected to the 5GC, vice versa.  Or MeNB could get such kind of info from OAM configuration.
	>>5GS-TAC
	O
	
	OCTET STRING (3)
	Broadcast 5GS Tracking Area Code
	–
	


Observation 3: MeNB could know whether the EN-gNB is connected to 5GC, by OAM configuration or the presence of 5GS-TAC IE in EN-DC X2 SETUP procedure.
By this information, MeNB could decide whether to include the UE Radio Capability ID in the SGNB ADDITION REQUEST. In case the SgNB is RACS capable node and it’s connected to 5GC, the MeNB include the UE Radio Capability ID in the SGNB ADDITION REQUEST message, otherwise legacy behavior is applied.
Above all, no need to add extra procedure to guarantee the UE Radio Capability ID mapping for EN-DC case where there’s no connection between 5GC and SgNB.
Proposal 7: Not necessary to introduce a new X2/Xn Radio Capability Information Request procedure for EN-DC case, MeNB should just include the UE Radio Capability ID in the SGNB ADDITION REQUEST only when the SgNB support RACS and its connected to 5GC.

Issue 8: Whether to support RACS feature over F1 interface?
In last RAN3 meeting, some companies mentioned about the support of RACS feature.
That means each DU have to local cache a big amount of UE Radio Capabilities, new F1 procedure should be introduced for UE Radio Capability Retrieval. This will introduce extra complexity and challenge the capability of the DU. To avoid extra impact to DU and F1 interface, it’s better not to support RACS over F1.
Proposal 8: Not necessary to support RACS feature over F1.

1. 
2. 
3. Conclusion
In this contribution, we further discussed the left issues on RACS-supporting in RAN3. Based on the discussion we provide the following observations and proposals: 
[bookmark: OLE_LINK19][bookmark: OLE_LINK22]Proposal 1: Stage 2 work is not necessary for RAN3.
Observation 1: In SA2 spec, the signalling based solution is expected.
Proposal 2-1: Only adopt OAM based solution to exchange the RACS capability, the criticality of the UE Radio Capability IE should be set to ‘ignore’ for all of the messages.
Proposal 2-2: Send a liaison to SA2 [3] on the RACS capability exchange, provide our solutions and ask for corresponding change to their spec.
Proposal 3: UE Radio Capability ID IE should also be included in S1/NG UE RADIO CAPABILITY MATCH/CHECK REQUEST messages.
Proposal 4: No need to add UE Radio Capability ID IE in the Source-to-Target Transparent Container IE and the Target-to-Source Transparent Container IE.
Proposal 5: No need to indicate the maximum size of the UE radio capability information expected by the NG-RAN node is included in the NG/S1 SETUP REQUEST messages, the issue should be further confirmed.
Observation 2: A network may utilize the PLMN-assigned UE Radio Capability ID, without involving the UE, e.g. for use with legacy UEs.
Proposal 6: Add UE Radio Capability ID in SENB ADDITION REQUEST message in X2AP to support RACS in LTE-DC.
Observation 3: MeNB could know whether the EN-gNB is connected to 5GC, by OAM configuration or the presence of 5GS-TAC IE in EN-DC X2 SETUP procedure.
Proposal 7: Not necessary to introduce a new X2/Xn Radio Capability Information Request procedure for EN-DC case, MeNB should just include the UE Radio Capability ID in the SGNB ADDITION REQUEST only when the SgNB support RACS and its connected to 5GC.
Proposal 8: Not necessary to support RACS feature over F1.
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