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1. Introduction
Based on the study of the optimization of UE capability information, RAN2 concluded that main two issues (i.e. UE capability identity and segmentation of UE capability information) to be discussed in the work item phase as UE capability ID-based optimization and the segmentation of UE capability.
In RAN2#105bis, RAN2#106 and RAN2#107 meetings, RAN2 made below agreements with regards to the segementation of UE radio capabilities:
Agreements

1
The segmentation mechanism should be defined in ASN.1 in a generic manner so that it could in principle be applied in future to any uplink and downlink RRC message.

2
RAN2 will decides explicitly which RRC messages may be segmented. 

2a
Within this WI, segmentation of UE capability information message will be specified. 

3
A transmitter (UE or NW) may only use segmentation if it knows that the receiver (NR or UE) comprehends it.

3a
The network indicates in the UECapabilityEnquiry message whether the UE may apply RRC segmentation to its UECapabilityInformation

4
The transmitting entity (UE or NW) uses segmentation only if the unsegmented message exceeds the size limit of PDCP

Agreements of RAN2#106

1: 
RRC level segmentation is applied in UE capability information segmentation.

2: 
The RRC message shall be ASN.1 encoded first before the segmentation, and the segmentation shall be processed on the OCTET STRING of encoded RRC message. After segmentation, each segment of the encoded RRC message (OCTET STRING), shall be encapsulated in to a separate RRC message.

3
Each message segment carries the following information:


rrcMessageSegmentContainer, which is used to include the segmented ASN.1 encoded RRC message


segmentEndIndication, which is used to indicate whether the last segment of the RRC message is included in the rrcMessageSegmentContainer.

FFS Whether a segment number is also included

FFS Whether the message segment is a new ulDCCHMessageSegment message or a critical extension of an existing message

4
Confirm decision from last meeting that within this WI we will only specify the segment of the UE capability information

Agreements after offline discussion

1
Each uplink message segment carries a segment number

2
Max number segments is 16

3
RAN2 will specify a new UL message type which carries a segment of uplink messages

Working assumption: 

1
There will be no interleaving of different messages
Agreements of RAN2#107

1
The Working Assumption from RAN2#106 is confirmed (i.e. that there will be no interleaving of different RRC messages between segments of the capability information)

Short discussion for the needs of SRB2 based segmented UECapabilityInformation message transfer was handled but not made agreements. The structure of RRC message for UE capability segmentation was determined and it is only applied when the UE capability size exceeds the maximum PDCP SDU size, but it is not clearly determined how the UE knows the support of UE capability segmentation in the serving cell.

In this contribution, we provide the further details how many impacts are estimated if the transfer of the segmented UECapabilityInformation message by SRB2 is adopted, and consider the feasible procedure of segmentation of UE capabilities.
2. Discussion

In current RRC specification, UECapabilityInformation and RRCReconfiguration messages are transmitted by SRB1 for UL and DL, respectively. 
Those messages would be segmented if the total size of PLCP PDU exceed the 9000 Byte, and we assume the number of segmented will be large in the typical scenario. Based on the analysis on the SI, some analysis for the practical deployment was studied and added in the TR 37.873 [1].

	For NR and EN-DC, based on the newly introduced structure for UE capability in Rel-15, the size of the UE capability is dominated by rf-Parameters, featureSetCombinations and featureSets. The estimated theoretical maximum size of UE radio capabilities for NR or EN-DC (based on the maximum sizes in ASN.1) can approximate to 10000 kbytes, 
In practical deployment, the supported bands/band combinations for a device is limited, and the eNB/gNB can for example request the UE to provide UE radio capabilities for a restricted set of band combinations. According to LTE experience and analysis of the NR capability, the estimated practical size of rf-Parameters is about 11~12 kbytes based on ~1024 band combinations and up to 4 bands per band combination.

The size of featureSetCombinations is highly variable depending on the number of feature set combinations and the number of feature sets per band, the size of featureSets is variable depending on the number of DL/UL feature sets per band and the number of DL/UL feature sets per CC. However, in some cases either the size of featureSetCombinations or featureSets can significantly exceed the size limitation of PDCP PDU. For example, with 256 feature set combinations, 8 feature sets per band, and 4 bands per band combination, the feature set combination list occupies ~22 kbytes.


It is clear that the enough number of segmented RRC message for UECapabilityInformation is required, and in this case we assume this segmented UECapabilityInformation message will block the transfer of other important SRB1 message e.g.  measurement report. If such situation occurs, there is no way but wait until all the segments are successfully transmitted in order to transmit the other SRB1 message.
Someone can say that this blocking issue is not frequently happened because most of the procedure for UE capability transfer is conducted in the initial RRC connection phases i.e. right after RRC Setup with security establishment. However, it is possible to trigger the procedure of UE capability transfer at any time by eNB/gNB and the early measurement reports can be blocked by the huge size of segmented UE capability information. For example, the mobility case that the new node has different support compared with the source node needs something in Reconfiguration urgently, so it is possible for the large messages (i.e. segmented UE capability information) urgently to be transferred following setup/ resume and make blocking issues. It is no harmful to make the mechanism for avoiding this important SRB1 blocking problems which can be expected in the future release.
We also want to see the impact of the changes for the transfer of the segmented UECapabilityInformation by SRB2 in RRC specification point of view, especially for UE procedure and ASN.1 changes.
2.1
RRC impacts SRB2-based transfer of segmented UECapabilityInformation
As RAN2 already agreed to introduce the new UL-DCCH-Message for the segemented UECapabilityInformation, and it seems that the message class extention is need to introduce the new UL-DCCH-Message in ASN.1 point of view.
UL-DCCH-Message ::=             SEQUENCE {

    message                         UL-DCCH-MessageType

}

UL-DCCH-MessageType ::=         CHOICE {

    c1                              CHOICE {

        measurementReport               MeasurementReport,

        rrcReconfigurationComplete      RRCReconfigurationComplete,

        rrcSetupComplete                RRCSetupComplete,

        rrcReestablishmentComplete      RRCReestablishmentComplete,

        rrcResumeComplete               RRCResumeComplete,

        securityModeComplete            SecurityModeComplete,

        securityModeFailure             SecurityModeFailure,

        ulInformationTransfer           ULInformationTransfer,

        locationMeasurementIndication   LocationMeasurementIndication,

        ueCapabilityInformation         UECapabilityInformation,

        counterCheckResponse            CounterCheckResponse,

        ueAssistanceInformation         UEAssistanceInformation,

        failureInformation              FailureInformation, 

        ulInformationTransferMRDC       ULInformationTransferMRDC,

        scgFailureInformation           SCGFailureInformation,

        scgFailureInformationEUTRA      SCGFailureInformationEUTRA

    },

    messageClassExtension           SEQUENCE {}

}

In addition, no further changes are required except to define the type of signaling radio bearer i.e. SRB2 if transfer of the segmented UECapabilityInformation by SRB2 is adopted. Therefore, there are no difference between SRB1-based approach and SRB2-based approach in terms of ASN.1, and no any additional procedure changes are required i.e. only definition of this RRC message is affected and UE just follow the rule of message handling for SRBs.
Observation: No further impact on the RRC specifications in case that the segmented UECapabilityInformation is transferred by SRB2 compared to SRB1 approach.
Proposal: UE capability information message is transmitted in SRB1 if not segmented and in SRB2 if segmented to avoid the future blocking problem i.e. not transmiting the infortant UL message.
2.2
Awareness of segmentation for UE capability
It is definitely ture that the segmentation of UE capability message would be optional feature from UE point of view because all UE vendors may not implement this feature in their new product. In addition, it is also true that some of operators may not support this segmentation of UE capability in the future network. There are many mixed UEs and gNBs which support or not support the UE capability segmentation in the practical NR systems.

At least UE should know the support of segmention of UE capability feature for the serving cell, and then UE will be able to provide the segmented UE capability messages in this cell. As we mentioned above, the implementation of processing the segmented UE capability message will not be the mandated function by gNB, the additional mechanism that UE can know the support of this feature from gNB is needed.
Below Figure 1 is the general procedure of transferring the segmented UE capability information without how UE knows the support of segmentated UE capability at gNB.
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Figure 1. Basic procedure of the segmented UE capability information

We think there are many ways for UE knows if gNB support this features and the candidate options can be listed as below.

· Option 1: System information include the support of segmentation of UE capability.

· Option 2: msg3-based solution
· RRCSetupRequest (RRCResumeRequest) includes the UE supporting

· RRCSetup (RRCResume) includes the gNB supporting

· RRCSetupComplete (RRCResumeComplete) confirms

· Option 3: msg5-based solution

· RRCSetup (RRCResume) includes the gNB supporting

· RRCSetupComplete (RRCResumeComplete) includes the UE supporting

· Option 4: msg4 only indicator

· RRCSetup (RRCResume) includes the gNB supporting

· RRCSetupComplete (RRCResumeComplete) without UE supporting but UE can use the segmentation of UE capability if UE support this feature

For the candidate options above, option 2 through option4 can be introduced on top of the option 1. From our understanding, UE can apply the segmentation of UE capability information if gNB support this feature, so there are no needs to indicate the UE support of the segmentation of UE capability to gNB. The simple way is just gNB indicates the support of segmentation of UE capability from gNB side in the system information so that all UEs in this serving cell know the gNB support.

Proposal 2: Introduce 1-bit indicator in the system information informing whether the serving cell supports segmentation of UE capability information.
2.3
Need of dedicated request for the segmentation of UE capability 
As RAN2 already determined the triggering of the segmentation for the UE capability information is conducted when the size of UE capability information message exceeds the maximum size of PDCP SDU. The gNB can dynamically on/off the segmentation of UE capability by dedicated request including the indicator in UECapabilityEnquiry message. For example, gNB indicates the support of segmentation of UE capability in SIB, but gNB may want to off this function for the specific UEs. It seems that a bit indicating segmentation of UE capability information in UECapabilityEnquiry message is the default, and network can dynamically control this feature without any additional complexity.
Proposal 3: Introduce the indicator of requesting the segmentation of UE capability information in UECapabilityEnquiry message to control dynamic control of segmentation for the specific UE.
3. Conclusion
In this contribution, we provide our view on the segmented UE capability information as follows:
Proposal: UE capability information message is transmitted in SRB1 if not segmented and in SRB2 if segmented to avoid the future blocking problem i.e. not transmiting the infortant UL message.
Proposal 2: Introduce 1-bit indicator in the system information informing whether the serving cell supports segmentation of UE capability information.
Proposal 3: Introduce the indicator of requesting the segmentation of UE capability information in UECapabilityEnquiry message to control dynamic control of segmentation for the specific UE.
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