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1. Introduction
Last RAN3#107-bis e-meeting discussed the Radio Capability Optimization (RACS) and agreed BLCRs including e.g., 
· The Criticality of the UE Radio Capability ID IE is set to “reject”.
· Include the UE Radio Capability ID IE in the following S1/NG messages:
· DOWNLINK NAS TRANSPORT message
· UE RADIO CAPABILITY MATCH/CECK REQUEST message
· Type definition of the UE Radio Capability ID IE is kept as an unconstrained OCTET STRING 
· Procedure name UE Radio Capability ID Mapping is confirmed
· Agree to not support RACS on F1 in Rel-16.
Before RAN3#107-bis e-meeting, the following agreements have been made: 
· Use the term “the UE Radio Capability ID IE”.
· Include the UE Radio Capability ID IE in the following S1/NG messages:
· NITIAL CONTEXT SETUP REQUEST
· HANDOVER REUQUEST
· PATH SWITCH REQUEST ACKNOWLEDGEMENT
· UE CONTEXT MODIFICATION REQUEST
· Introduce the new UE Radio Capability ID Mapping Request procedure with the followings:
· Non-UE associated and class 1 procedure
· the UE RADIO CAPABILITY ID MAPPING REQUEST and the UE RADIO CAPABILITY ID MAPPING RESPONSE messages
· The title of the procedure and the message names are FFS.
· Include the UE Radio Capability ID IE in the following X2/NG messages:
· HANDOVER REQUEST
· RETRIEVE UE CONTEXT RESPONSE
· Support RACS feature in EN-DC and MR-DC:
· Include the UE Radio Capability ID IE in the X2/Xn SN Addition Request messages.
In this contribution, we will discuss the remaining issues on supporting the RACS. 
2. Discussion
2.1. Formats of UE Radio Capabilities transferred by the RAN 
In SA2-138 e-meeting, it was agreed that two operation modes are allowed to support RACS in the LS [1] and [2,3]: 
· A): The NG-RAN/ E-UTRAN provides to the AMF/MME both formats (i.e the TS 38.331 format and TS 36.331format), 
· B): The NG-RAN/E-UTRAN provides to the AMF the TS 38.331/ TS 36.331 format only. 
Corresponding texts were added to TS 23.501 and TS 24.501, i.e. clarifications made in TS 23.501 are: 
The UCMF stores the UE Radio Capability IDs alongside the UE Radio Capability information they map to. Each UE Radio Capability ID stored in the UCMF can be associated to one or both UE radio capabilities formats specified in TS 36.331 [51] and TS 38.331 [28]. The two UE radio capabilities formats shall be identifiable by the AMF and UCMF and the AMF shall store the TS 38.331 [28] format only. 
An NG-RAN which supports RACS can be configured to operate with one of two modes of operation when providing the UE radio capabilities to the AMF when the NG-RAN executes a UE Radio Capability Enquiry procedure (see TS 38.331 [28]) to retrieve UE radio capabilities from the UE. 
· Mode of operation A): The NG-RAN provides to the AMF both formats (i.e the TS 38.331 [28] format and TS 36.331 [51] format). The NG-RAN derives one of the formats using local transcoding of the other format it receives from the UE.
· Mode of operation B): The NG-RAN provides to the AMF the TS 38.331 [28] format only. 
In a PLMN supporting RACS only in 5GS, Mode of Operation B shall be configured. 
If the PLMN supports RACS in both EPS and 5GS:
· If RAN nodes in the EPS and 5GS are configured in Mode of operation B, then the UCMF shall be capable to transcode between TS 36.331 [51] and TS 38.331 [28] formats.
· If the NG-RAN is configured to operate according to Mode A, then also the E-UTRAN shall be configured to operate according to mode A and the UMCF is not required to transcode between TS 36.331 [51] and TS 38.331 [28] formats.
When the NG-RAN updates the AMF with new UE radio capabilities information, the AMF provides the information obtained from the NG-RAN to the UCMF even if the AMF already has a UE Radio Capability ID for that UE. The UCMF then returns a value of UE Radio Capability ID. If the value is different from the one stored in the AMF, the AMF updates the UE Radio Capability ID it stores and provides this new value to the NG-RAN (if applicable) and to the UE.

Mode of operation B) does not impact the current UE radio capability information reporting procedures in the RAN 3 specs. Mode of operation A) requires: the NG-RAN/ E-UTRAN provides to the AMF/MME both formats (i.e the TS 38.331 format and TS 36.331 format). However, currently, the NG-RAN provides the TS 38.331 format to the AMF and the E-UTRAN provides the TS 36.331 format to the MME only. Therefore, in order to support Mode of operation A), the NG-RAN shall generate and report the format TS 36.331 of the UE radio capabilities to the AMF alongside the TS 38.331 format, and the E-UTRAN shall generate and report the format TS 38.331 of the UE radio capabilities to the MME alongside the TS 36.331 format. Mode of operation A) and B) can be both supported both RAN correspondingly, dependent on the PLMN configuration. 
Meanwhile, it is worthwhile to send the LS response to SA2 confirming the two UE radio capability formats transfer. 
Proposal 1: [bookmark: _Ref40433360][bookmark: _Ref37317284][bookmark: _Ref36650290]NG-RAN/ E-UTRAN shall provide both TS 36.331 and TS 38.331 formats to the AMF/ MME for TS 36.413 and TS 38.413. 
Proposal 2: Agree to send the LS reply to SA2 confirming the two UE radio capability formats.   

2.2. MR-DC support for RACS 
In MR-DC with 5GC, it is already agreed that if the SN does not restore the UE radio capability information associated to a received a UE radio capability ID, it can require the UE radio capabilities from the 5GC as follows.. 
	For MR-DC, the Xn UE Radio Capability ID Mapping procedure is not necessary and the SN is allowed to retrieve the UE Radio Capability information from the 5GC



while for EN-DC, since some SN nodes (e.g. the SN-only node) have no control plane with the EPC, there is a need for the en-gNB to request the eNB to send the UE radio capability information associated with the UE radio capability ID. 
Proposal 3: For EN-DC, introduce the X2 the Radio Capability ID Mapping procedure so that SN is allowed to retrieve the UE Radio Capability information associated to the capability ID from the MN for TS 36.423.
Proposal 4: Add RACS support for MR-DC in TS 37.340. 
2.3. UE radio capability for intra-system and inter-system handover. 
Last meeting RAN3#107-bis-e meeting discussed the UE 
· Intra-RAN node support discovery (no Xn/X2, inter- or intra-system)
SA2# in parallel discussed this issue, and made several agreements in [S2-2003488] as follows. 
	The source eNodeB provides the UE’s UE Radio Capability ID to the target eNodeB. If the source eNodeB has knowledge that the target eNodeB might not have a local copy of the Radio Capability corresponding to the UE Radio Capability ID (i.e. because the source eNB had itself to retrieve the UE’s Radio Capability from the MME) then the source eNB may also send some (or all) of the UE’s Radio Capability to the target eNB (the size limit based on local configuration) in X2 signalling as defined in TS 36.423 [76].


 From the described above, there is no RAN3 impact. Also note that the UE radio capability is included in the inter-node RRC message which is within RAN2 scope. 
Proposal 5: No signalling impact on the inter-node RACS support discovery for intra-system and inter-system handover.

2.4. Acquisition of applicable UE capability information for RAN node 
Last meeting RAN3#107-bis-e meeting discussed the size of manufacturer assigned RACS IDs, and with the following summary. 
· Postpone the discussion on issues with size of manufacturer assigned RACS IDs in RAN nodes to next meeting.
Generally there are two ways for the CN to obtain the UE radio capability information:
1) assigned by the UE manufacturer or OAM, 
For the UE capability associated to the manufacturer-based capability ID assigned by the manufacturer or OAM, the processing ability of the RAN node is not considered. Furthermore, it was agreed that the filter is not applied to the UE context associated to the manufacturer-based capability ID. Therefore, this full size capability information at the RAN could be huge. 
2) reported by the UE. 
In this way, the CN and RAN node to obtain the UE capability information by the UE. The UE reported radio capability is named as PLMN-assigned UE capability for briefly purpose.
Regarding the agreement made by RAN2, the maximum number of segments that the RAN node can decode is 16 PDCP PDU. There is the possibility that the full UE capabilities associated to the manufacturer-based capability ID exceeds the maximum allowed size of the RAN node. In detail, if the CN receives the manufacturer-based capability ID reported by the UE, it shall transmit the full capability assigned by the manufacture to the RAN node. It is possible that the RAN size of the full UE capability exceeds the limitation of the RAN node, so the RAN not able to decode the message. If this happens, the UE capability information cannot be obtained by the RAN node. But note that, in some cases, different RAN nodes have different capabilities; especially considering mixed deployment of CU/DU and gNB. 
[bookmark: _Ref37317732][bookmark: _Ref36577306]Observation 1: The full UE capability information associated to the manufacturer-based capability ID may exceed the maximum supported size of the RAN node and cannot be processed.
However, the PLMN-assigned UE capability is reported by the UE and transferred to CN through the NG-RAN node. The UE reported capability information is transmitted over radio interface and capability filter might be applied. Therefore, the size of this capability cannot exceed the maximum size of that can be decoded by the NG-RAN node. 
[bookmark: _Ref36577322]Observation 2: the PLMN-assigned UE capability will not exceed the maximum.
For the issue that the UE capability associated to the manufacturer-based ID exceeds the maximum supported size of the RAN node, two solutions are provided:
· Option 1 (Proactive option): The RAN node provides the maximum supported size of UE capabilities to the AMF; the AMF fallbacks to use PLMN-assigned UE capability, if the full UE capability information exceeds the maximum. 
Specially, to avoid the AMF to send excessive UE capability to the RAN, one possible solution is to allow the RAN to provide its maximum supported size of the UE capability information to the AMF. If the UE capabilities associated to the manufacturer-based capability ID exceed the maximum size, the AMF would not send the full UE radio capabilities and the associated IDs to the RAN. And then the RAN node will request the UE capabilities from the UE and the AMF would assign PLMN-assigned Capability ID for this UE, as shown in Figure 1. 
[image: ]
[bookmark: _Ref36576640]Figure 1 Option 1
· Option 2(Reactive option): the gNB indicates to AMF that the UE Capability ID is not used by the gNB if the received capability information exceeds the maximum value, the AMF fallbacks to use PLMN assigned UE capability if necessary
 
[image: ]
[bookmark: _Ref30150798]Figure 2 Option 2
In this option as shown above, after receiving the UE capability information, the RAN determines whether the size of the received the UE capability information is out of its processing capability or not. If the size of the received full UE capability information exceeds the maximum, the RAN decides to reject it and acquire the UE capability from the UE. Then the RAN node shall report the newly acquired UE capabilities to the AMF and indicates the previous UE capability ID is not used so that the AMF could issue PLMN-assigned capability ID for this UE, as shown in Figure 2. 
With applying either of the two options above, the RAN could use the newly acquired UE capability that associated to the newly PLMN-assigned Capability ID for further procedures. 
Above all, two options are provided choose to enable the RAN node to acquire the applicable UE capability information:
· Option 1: The RAN node provides the maximum supported size of UE capabilities to the AMF; the AMF fallbacks to use PLMN assigned UE capability, if the full UE capability information exceeds the maximum.
· Option 2: the gNB indicates to AMF that the UE Capability ID is not used if the received full size capability information exceeds the RAN node’s maximum, AMF fallbacks to use PLMN-assigned UE capability if necessary. 
Proposal 6: [bookmark: _Ref36577165][bookmark: _Ref37317455]RAN3 to discuss the above two solutions to enable the RAN node to acquire the applicable UE capability information. If no conclusion, this can be further discussed in later release.

3. Conclusions
In this contribution, we discussed the transfer of UE Capability ID on network side and made the following observations and proposals:
Proposal 1: NG-RAN/ E-UTRAN shall provide both TS 36.331 and TS 38.331 formats to the AMF/ MME for TS 36.413 and TS 38.413. 
Proposal 2: Agree to send the LS reply to SA2 confirming the two UE radio capability formats.   
Proposal 3: For EN-DC, introduce the X2 the Radio Capability ID Mapping procedure so that SN is allowed to retrieve the UE Radio Capability information associated to the capability ID from the MN for TS 36.423.
Proposal 4: Add RACS support for MR-DC in TS 37.340. 
Proposal 5: No signalling impact on the inter-node RACS support discovery for intra-system and inter-system handover.
Proposal 6: RAN3 to discuss the above two solutions to enable the RAN node to acquire the applicable UE capability information. If no conclusion, this can be further discussed in later release.
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[b]	3GPP TS 38.331: "NG-RAN; Radio Resource Control (RRC) Protocol Specification".
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[bookmark: _Toc20953513][bookmark: _Toc29390690][bookmark: _Toc36551427]8.9	UE Capability Info Indication
[bookmark: _Toc20953514][bookmark: _Toc29390691][bookmark: _Toc36551428]8.9.1	General
The purpose of the UE Capability Info Indication procedure is to enable the eNB to provide to the MME UE capability-related information.
[bookmark: _Toc20953515][bookmark: _Toc29390692][bookmark: _Toc36551429]8.9.2	Successful Operation


Figure 8.9.2-1: UE Capability Info Indication procedure. Successful operation.
The eNB controlling a UE-associated logical S1-connection initiates the procedure by sending a UE CAPABILITY INFO INDICATION message to the MME including the UE capability information. The UE CAPABILITY INFO INDICATION message may also include paging specific UE capability information within the UE Radio Capability for Paging IE. The UE capability information received by the MME shall replace previously stored corresponding UE capability information in the MME for the UE, as described in TS 23.401 [11]. 
If UE CAPABILITY INFO INDICATION message contains the LTE-M indication IE, the MME shall, if supported, use it according to TS 23.401 [11].
If the UE indicates the support for UE Application Layer Measurement, the eNB shall if supported include the UE Application Layer Measurement Capability IE in the UE CAPABILITY INFO INDICATION message. The MME shall, if supported, store and use thise information when initiating UE Application Layer Measurement.
If UE CAPABILITY INFO INDICATION message contains the UE Radio Capability NR IE, the MME shall, if supported, use it according to TS 23.401 [11].

NEXT CHANGE
[bookmark: _Toc20953674][bookmark: _Toc29390851][bookmark: _Toc36551588]9.1.10	UE CAPABILITY INFO INDICATION
This message is sent by the eNB to provide UE Radio Capability information to the MME.
Direction: eNB  MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	ignore

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	UE Radio Capability
	M
	
	9.2.1.27
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.2.1.98
	
	YES
	ignore

	UE Application Layer Measurement Capability
	O
	
	BIT STRING (SIZE(8))
	Each bit in the bitmap indicates an UE Application layer measurement capability, refer to TS 25.331[10].

Bit 0 = QoE Measurement for streaming service

Bit 1 = QoE Measurement for MTSI service

Value ‘1’ indicates “Capable” and value ‘0’ indicates “not Capable”.

Unused bits are reserved for future use.
	YES
	ignore

	LTE-M Indication
	O
	
	9.2.1.135
	
	YES
	ignore

	UE Radio Capability NR
	O
	
	9.2.1.a
	
	YES
	ignore




NEXT CHANGE
[bookmark: _Toc20953732][bookmark: _Toc29390909][bookmark: _Toc36551646]9.2.1.a	UE Radio Capability NR
This IE contains UE Radio Capability information formats specified in TS 38.331 [b].
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UE Radio Capability NR
	M
	
	OCTET STRING
	Includes UERadioAccessCapabilityInformation message as defined in TS 38.331 [b].




NEXT CHANGE
[bookmark: _Toc20953917][bookmark: _Toc29391095][bookmark: _Toc36551834]9.3.3	PDU Definitions
[bookmark: _Hlk499772494]<<<<<<<<<<<<<<<<<<<< Unmodified Text omitted >>>>>>>>>>>>>>>>>>>>
	TimeSinceSecondaryNodeRelease,
	AdditionalRRMPriorityIndex,
	UERadioCapabilityNR
NEXT CHANGE
-- UE CAPABILITY INFO INDICATION ELEMENTARY PROCEDURE
--
-- **************************************************************

-- **************************************************************
--
-- UE Capability Info Indication
--
-- **************************************************************

UECapabilityInfoIndication ::= SEQUENCE {
	protocolIEs			ProtocolIE-Container       { { UECapabilityInfoIndicationIEs} },
	...
}

UECapabilityInfoIndicationIEs S1AP-PROTOCOL-IES ::= {
	{ ID id-MME-UE-S1AP-ID				CRITICALITY reject	TYPE MME-UE-S1AP-ID					PRESENCE mandatory}|
	{ ID id-eNB-UE-S1AP-ID				CRITICALITY reject	TYPE ENB-UE-S1AP-ID					PRESENCE mandatory}|
	{ ID id-UERadioCapability			CRITICALITY ignore	TYPE UERadioCapability				PRESENCE mandatory}|
	{ ID id-UERadioCapabilityForPaging	CRITICALITY ignore	TYPE UERadioCapabilityForPaging		PRESENCE optional}|
	{ ID id-UE-Application-Layer-Measurement-Capability		CRITICALITY ignore	TYPE UE-Application-Layer-Measurement-Capability							PRESENCE optional}|
	{ ID id-LTE-M-Indication				CRITICALITY ignore	TYPE LTE-M-Indication				PRESENCE optional}|
	{ ID id-UERadioCapabilityNR			CRITICALITY ignore	TYPE UERadioCapabilityNR				PRESENCE optional},
	...
}

NEXT CHANGE
[bookmark: _Toc20953918][bookmark: _Toc29391096][bookmark: _Toc36551835]9.3.4	Information Element Definitions
UERadioCapabilityNR ::= OCTET STRING

NEXT CHANGE
[bookmark: _Toc20953920][bookmark: _Toc29391098][bookmark: _Toc36551837]9.3.6	Constant Definitions
-- IEs

id-UERadioCapabilityNR								ProtocolIE-ID ::= cc

END OF CHANGE
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