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1. Introduction
In RAN3#106, some initial discussion on supporting of RACS according to the LS from RAN2 [1], and we made the following agreement:
X2/Xn-based solution is sufficient for RACS exchange between nodes
Based on the summary of the email discussion [2] and offline discussion during RAN3#106, we summarized the potential RAN3 impact and some potential solutions in [3], which need to be further discussed in RAN3. Here just highlight key issues to be further discussed:
· Whether need to exchange Capability of RACS Feature between RAN nodes, between RAN node and CN?
· How to local Cache the UE Capability in RAN node?
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Signalling of the UE Radio Capability ID in S1/X2/NG/Xn
In this contribution, we will further discuss the above key issues for RAN3 on supporting of RACS feature and provide our observations and proposals.
2. Discussion
1. 
2. 
2.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK565][bookmark: OLE_LINK566]Exchange Capability of RACS Feature
Based on the email discussion and offline discussion, it could be assumed RAN node does not have to know the RACS capability of the connected CN nodes, while CN should know the RACS capability of the RAN nodes, and RAN node should know RACS capability of its neighbor nodes. 
On how to exchange the RACS Capability, the following solutions are provided:
· Option 1: via OAM.
· Option 2: explicitly exchange the capability in the interfaces, e.g. in the interface setup messages.
· Option 3: the source node could learn it by setting the new Capability ID IE to Optional/Reject.
For Option 1, OAM is always possible, it should be a candidate solution. 
For Option 2, an indication should be introduced in S1/NG Setup Request message.
For Option 3, by sending UE Capability ID IE to RAN with Critical setting “Optional/Reject”, CN could learn the RAN capability on RACS supporting according to the feedback of the RAN node.  E.g. UE Capability ID IE need to be introduced in INITIAL CONTEXT SETUP REQUEST message anyway, this option has no further impact to S1/NG signallings. This could also apply for story for X2 and Xn.
Above all, propose to adopt option 1 and option 3, not to explicitly indicate the RAN capability on RACS to CN, or to other RAN nodes.
Proposal 1: No signalling impact to exchange RACS capability between RAN and CN, between RAN nodes.  The source node could get the RACS capability of the target node via OAM, or the source node could learn it by setting the new Capability ID IE to Optional/Reject.
2.2 Local Cache of UE Capability in RAN node
From the SA2 specification, the NG-RAN should perform local caching of the UE Radio Access Capabilities for the UE Radio Capability IDs for the UEs it is served, and potentially for other UE Radio Capability IDs according to suitable local policies. This is also applied to LTE.
On how to perform the local caching, here provides some options:
· Option 1: CN provides the whole mapping, and 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 and or AMF/MME configuration update procedure. If CN updated its mapping table, e.g. new UE capability ID is assigned, AMF/MME shall update the mapping table via AMF/MME configuration update procedure.
· Option 2: RAN node retrieves the UE radio capability one by one, and does the local caching.
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 and 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.

Base on the discussion above, we see the retrieval of UE radio capability in the S1/NG interface should be supported in case of CN provide a UE capability ID to RAN which has not been cached in RAN. To support this, new S1AP/NGAP procedure seems needed. 
The structure of UE Radio Capability is defined in TS 23.003 [4], as the figure below:


Figure 29.2-1: Structure of UE radio capability ID
From the structure, it’s assumed there could be a huge total number of UE Radio Capability IDs for multiple PLMNs and multiple manufactures. Local cache all of them in each RAN node may bring big challenge to the RAN nodes and the size of the S1/NG signallings if option 1 is adopted. By using the option 2, each RAN node just need to local cache the UE radio capability for the UEs it’s served before, and each cached UE radio capability could be used for the other UEs with the same UE Radio Capability ID. Therefore, we propose to define a new UE specific S1/NG procedure for retrieval of UE Radio Capability.
The figure below shows an example on the usage of the new procedure to retrieve the UE Radio Capability from CN.


Figure 1. Example of UE Radio Capability Retrieval procedure 
From the figure above, we could see AMF may provide a UE Radio Capability ID to the RAN node in INITIAL CONTEXT SETUP REQUEST message. If RAN has not local cached the UE Radio Capability associated to the UE Radio Capability ID, RAN will trigger a UE Radio Capability Retrieval procedure towards the CN. The RAN node sends the RETRIEVE UE RADIO CAPABILITY REQUEST, including the previous received UE Radio Capability ID. The CN will find the corresponding UE Radio Capability identified by the ID, and include the UE Radio Capability in the RETRIEVE UE RADIO CAPABILITY RESPONSE message. RAN node should use and local cache the UE Radio Capability and corresponding ID.

Proposal 2: Introduce new S1/NG procedure for retrieval of UE radio capability from MME/AMF, e.g. a class 1 UE Radio Capability Retrieval procedure.
2.3 Signalling the UE Radio Capability ID
On how to signal the UE Radio Capability ID in S1/X2/NG/Xn, we have had some discussion before. Based on the email discussion and offline discussion, it seems introducing UE Radio Capability ID in the following messages is agreeable: 
S1AP/NGAP:
· PATH SWITCH REQUEST ACKNOWLEDGE
· HANDOVER REQUEST 
· INITIAL CONTEXT SETUP REQUEST

X2AP/XnAP:
· HANDOVER REQUEST
· RETRIEVE UE CONTEXT RESPONSE
However, some other messages may need to be further discussed, as below:
S1:
· UE RADIO CAPABILITY MATCH REQUEST
If the UE Radio Capability IE is contained in the UE RADIO CAPABILITY MATCH REQUEST message, the eNB shall use it to determine the value of the Voice Support Match Indicator IE to be included in the UE RADIO CAPABILITY MATCH RESPONSE message.
Observation 1: UE Capability ID is needed for UE RADIO CAPABILITY MATCH REQUEST. 

· DOWNLINK NAS TRANSPORT
The UE Radio Capability in DOWNLINK NAS TRANSPORT is also introduced for a NB-IoT UE using Control Plane CIoT EPS Optimisation.

· CONNECTION ESTABLISHMENT INDICATION
This message is sent by the MME to complete the establishment of the UE-associated logical S1-connection, which is also introduced for a NB-IoT UE using Control Plane CIoT EPS Optimisation.

· UE  INFORMATION  TRANSFER
The message is used to transfer the UE information including QoS Parameters and UE Radio capability from MME to eNB, for a NB-IoT UE using Control Plane CIoT EPS Optimisation.
Observation 2: UE Capability ID is not needed for DOWNLINK NAS TRANSPORT, CONNECTION ESTABLISHMENT INDICATION, UE INFORMATION TRANSFER, as the signalling or the UE Radio Capability in the message is only applied for NB-IoT Control Plane CIoT EPS Optimisation. 

· UE CONTEXT MODIFICATION REQUEST
For UE initial registration procedure, CN may not find the corresponding UE Radio Capability, and the UE may report neither PLMN specific UE Radio Capability ID nor manufacture assigned UE Radio Capability ID in the REGISTRATION REQUEST message.  
In this case, the core network could provide neither UE Radio Capability nor UE Radio Capability ID in the INITIAL CONTEXT SETUP REQUEST. This will trigger the RAN to fetch the UE Radio Capability from the UE. After successfully fetched the UE Radio Capability from the UE, the RAN node will send the UE Radio Capability to the core network, and then the core network could map the UE Capability to an ID. Then the CN would need to signal the UE Capability ID to the RAN. This can be done within the UE Context Modification procedure.
Observation 3: CN may not able to provide UE Radio Capability or UE Radio Capability ID to the RAN node in INITIAL CONTEXT SETUP REQUEST.
Observation 4: CN could provide the UE Radio Capability ID in the UE CONTEXT MODIFICATION REQUEST after CN gets the UE Radio Capability and match the ID for it.

NG:
· UE RADIO CAPABILITY CHECK REQUEST
· UE CONTEXT MODIFICATION REQUEST
Same situation for these two NG messages as the analysis for S1 messages above.

X2:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]The DC messages, in which the UE Radio Capability is optionally included in the SCG-ConfigInfo message as defined in TS 36.331:
· SENB ADDITION REQUEST
· SENB RECONFIGURATION COMPLETE
· SENB MODIFICATION REQUEST
· SENB MODIFICATION CONFIRM
· SENB MODIFICATION REFUSE
· The EN-DC messages, in which the UE Radio Capability is optionally included in the CG-ConfigInfo message as defined in TS 38.331:
· SGECONFIGURATION COMPLETE
· SGNB MODIFICATION REQUEST
· SGNB MODIFICATION REFUSE
· SGNB RELEASE REQUEST

In X2, for some of the DC messages as listed above, the UE Radio Capability is included in their MeNB to SeNB Container, in the SCG-ConfigInfo message as defined in TS 36.331.
To optimize the signalling size, UE capability ID should also be applied for Dual Connectivity messages. As we have agreed to adopt X2/Xn-based solution to exchange the UE Radio Capability ID between RAN nodes, we could either introduce UE Radio Capability ID for all of the X2 messages listed above, or just add UE Radio Capability ID in the SENB ADDITION REQUEST, the first UE specific DC in X2. 
According to TS 24.501 [5], UE shall initiate a registration procedure if the UE Radio Capability changes, details are as below:
c)	if the radio configuration at the UE changes (for instance because the UE has disabled a specific radio capability) then:
1)	if the UE has an applicable UE radio capability ID for the new UE radio configuration, the UE shall initiate a registration procedure for mobility and periodic registration update. The UE shall include the applicable UE radio capability ID in the UE radio capability ID IE of the REGISTRATION REQUEST message and shall include the 5GS update type IE in the REGISTRATION REQUEST message with the NG-RAN-RCU bit set to "NG-RAN radio capability update needed". If both a network-assigned UE radio capability ID and a manufacturer-assigned UE Radio Capability ID are applicable, the UE shall include the network-assigned UE radio capability ID in the REGISTRATION REQUEST message; and
2)	if the UE does not have an applicable UE radio capability ID for the new UE radio configuration, the UE shall initiate a registration procedure for mobility and periodic registration update and include the 5GS update type IE in the REGISTRATION REQUEST message with the NG-RAN-RCU bit set to "NG-RAN radio capability update needed";

It means the UE Radio Capability or the UE Radio Capability ID will not be change during the DC operation for a UE. Therefore, it seems only introduce the UE Radio Capability ID in the SENB ADDITION REQUEST, the first message of DC is enough.
The same story for EN-DC case, i.e. introduce UE Radio Capability ID to SGNB ADDITION REQUEST, the first UE specific message of EN-DC is enough.
Observation 5: No need to introduce UE Radio Capability ID to all of the DC/EN-DC signallings which include the UE Radio Capability in the RRC container today, introduce it in the SENB/SGNB ADDITION REQUEST is enough.

Xn:
· DC messages, such as:
· S-NODE ADDITION REQUEST
· S-NODE RECONFIGURATION COMPLETE
· S-NODE MODIFICATION REQUEST
· S-NODE MODIFICATION REFUSE
· S-NODE RELEASE REQUEST
For Xn, the same story as DC/EN-DC in X2, just need to provide the UE Radio Capability ID from MN to SN in the S-NODE ADDITION REQUEST, the first UE specific DC message in Xn.
Observation 6: For NR DC case, only need to introduce UE Radio Capability ID to the S-NODE ADDITION REQUEST message.
Based on discussion above, we propose to add UE Radio Capability ID in the following messages:
S1AP/NGAP:
· INITIAL CONTEXT SETUP REQUEST
· PATH SWITCH REQUEST ACKNOWLEDGE
· HANDOVER REQUEST 
· UE RADIO CAPABILITY MATCH REQUEST/UE RADIO CAPABILITY CHECK REQUEST
· UE CONTEXT MODIFICATION REQUEST

X2AP/XnAP:
· HANDOVER REQUEST
· RETRIEVE UE CONTEXT RESPONSE
· SENB/SGNB/S-NODE ADDITION REQUEST

Proposal 3: Introduce UE Radio Capability ID in the following messages:
S1AP/NGAP:
· INITIAL CONTEXT SETUP REQUEST
· PATH SWITCH REQUEST ACKNOWLEDGE
· HANDOVER REQUEST 
· UE RADIO CAPABILITY MATCH REQUEST/UE RADIO CAPABILITY CHECK REQUEST
· UE CONTEXT MODIFICATION REQUEST

X2AP/XnAP:
· HANDOVER REQUEST
· RETRIEVE UE CONTEXT RESPONSE
· SENB/SGNB/S-NODE ADDITION REQUEST

Based on the discussion above, we provide the corresponding CRs for S1, X2, NG, Xn in [6], [7], [8], [9].
Proposal 4: Discuss and agree the CRs to support RACS in [6], [7], [8], [9].
3. Conclusion
In this contribution, we further discussed the RAN3 impact to make supporting of RACS. Based on the discussion we provide the following observations and proposals: 
[bookmark: OLE_LINK19][bookmark: OLE_LINK22]Observation 1: UE Capability ID is needed for UE RADIO CAPABILITY MATCH REQUEST. 
Observation 2: UE Capability ID is not needed for DOWNLINK NAS TRANSPORT, CONNECTION ESTABLISHMENT INDICATION, UE INFORMATION TRANSFER, as the signalling or the UE Radio Capability in the message is only applied for NB-IoT Control Plane CIoT EPS Optimisation. 
Observation 3: CN may not able to provide UE Radio Capability or UE Radio Capability ID to the RAN node in INITIAL CONTEXT SETUP REQUEST.
Observation 4: CN could provide the UE Radio Capability ID in the UE CONTEXT MODIFICATION REQUEST after CN gets the UE Radio Capability and match the ID for it.
Observation 5: No need to introduce UE Radio Capability ID to all of the DC/EN-DC signallings which include the UE Radio Capability in the RRC container today, introduce it in the SENB/SGNB ADDITION REQUEST is enough.
Observation 6: For NR DC case, only need to introduce UE Radio Capability ID to the S-NODE ADDITION REQUEST message.

Proposal 1: No signalling impact to exchange RACS capability between RAN and CN, between RAN nodes.  The source node could get the RACS capability of the target node via OAM, or the source node could learn it by setting the new Capability ID IE to Optional/Reject.

Proposal 2: Introduce new S1/NG procedure for retrieval of UE radio capability from MME/AMF, e.g. a class 1 UE Radio Capability Retrieval procedure.
Proposal 3: Introduce UE Radio Capability ID in the following messages:
S1AP/NGAP:
· INITIAL CONTEXT SETUP REQUEST
· PATH SWITCH REQUEST ACKNOWLEDGE
· HANDOVER REQUEST 
· UE RADIO CAPABILITY MATCH REQUEST/UE RADIO CAPABILITY CHECK REQUEST
· UE CONTEXT MODIFICATION REQUEST
X2AP/XnAP:
· HANDOVER REQUEST
· RETRIEVE UE CONTEXT RESPONSE
· SENB/SGNB/S-NODE ADDITION REQUEST
Proposal 4: Discuss and agree the CRs to support RACS in [6], [7], [8], [9].

4. Reference
[1]. R2-1914023 (R3-196407) LS to RAN3 on exchange of Capability ID, RAN2  LS in
[2]. R3-196966 Summary of RACS email discussion, CATT
[3]. R3-197531 Summary of offline discussion on RACS, CATT
[4]. TS 23.003 Numbering, addressing and identification; v16.1.0
[5]. TS 24.501Non-Access-Stratum (NAS) protocol  for 5G System (5GS); v16.3.0
[6]. R3-200308 CR0321, TS 38.413, supporting of RACS in NGAP
[7]. R3-200309 CR0300, TS 38.423, supporting of RACS in XnAP
[8]. [bookmark: _GoBack]R3-200310 CR1744, TS 36.413, supporting of RACS in S1AP
[9]. R3-200311 CR1431, TS 36.423, supporting of RACS in X2AP



7

oleObject1.bin

image2.emf
NG-RAN node

INITIAL CONTEXT SETUP REQUEST

(Including UE Radio Capability ID)

RETRIEVE UE RADIO CAPABILITY REQUEST

(Including UE Radio Capability ID)

AMF

INITIAL CONTEXT SETUP RESPONSE

RETRIEVE UE RADIO CAPABILITY RESPONSE

(Including UE Radio Capability ID + UE Radio Capability)


oleObject2.bin
�

�

�

�

�

NG-RAN node


INITIAL CONTEXT SETUP REQUEST
(Including UE Radio Capability ID)


RETRIEVE UE RADIO CAPABILITY REQUEST
(Including UE Radio Capability ID)


AMF


INITIAL CONTEXT SETUP RESPONSE


RETRIEVE UE RADIO CAPABILITY RESPONSE
(Including UE Radio Capability ID + UE Radio Capability)



image1.emf
 

 

 

 

UE radio capability ID

 

 

TAC

 

 

8 digits

 

 

SVN

 

 

2

 

digits

 

RCI

 

9

 

digits

 

 

TF

1

digit


