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1. Introduction
As agreed in RAN2#105bis:
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.
In this contribution, we share some further consideration on how to design the segmentation mechanism in a generic manner to make it applicable to any uplink and downlink RRC messages.
2. Discussion
Both RRC level segmentation and PDCP level segmentation have been considered in the past several meetings. From our perspective, RRC level segmentation is preferred to reduce the interaction between RRC layer and PDCP layer.
Proposal 1: RRC level segmentation is applied in UE capability information segmentation.
With regards to the RRC level segmentation, two options have been mentioned in [1]:
Option 1: "hard" split RRC Segmentation:
This approach is similar to ETWS/CMAS in LTE and NR. The total UE radio capability information is encoded as one structure (message or information element) similar to non-segmented case. This is then split into multiple segments in bits. The network can only decode the complete capabilities after assembling all parts, rather than decoding each part.
Option 2: "soft" split RRC Segmentation:
UE radio capability information is encoded separately in parts and carried by multiple messages or information elements (smaller than 9000 bytes for NR or 8188 bytes for LTE). The network can decode and process every segment and combine the content after all the segments are received.
If the hard split option is applied, the capability information is encoded and then split into multiple segments in bits and can only be decoded when all the segments are received. Thus, there is only one-time ASN.1 encoding and decoding. While for the soft split option, ASN.1 encoding and decoding happens multiple times which adds more complexity in both UE and network side. Although network can decode every segment separately in the soft split option, there is not much gain in doing that. Since many capabilities (e.g. supportedBandCombinationList, UL/DL featureSets, featureSetCombinations) are very large lists which refer to each other, decoding part of those capabilities earlier is kind of useless and power consuming from network’s perspective. 
Table 1. Comparison between Segmentation before and after ASN.1 encoding
	
	Pros
	Cons

	Segmentation before ASN.1 encoding
	Each segment can be decoded separately.
	For each RRC message, which is expected to be support the segmentation, some kind of segmentation assistant IE need to be introduced, which lead to more complexity in both implementation and standardization
Some IEs may need to be repeated in evey segment, thus more signaling bits will be consumed.

	Segmentation after ASN.1 encoding
	A generic way which can be used to all RRC messages.
No extra indication is needed in specific RRC message, thus no impact on each specific RRC message.
	The RRC message can only be decoded in case all the segments have been received


A comparison table is between segmentation before and after ASN.1 encoding also given above. In order to provide a generic solution which can be used to all RRC messages, we have the following proposal:
Proposal 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.
The handling in the transmitter side is shown in Figure.1. The RRC message is firstly ASN.1 encoded. The encoded RRC message (which is now a OCTET STRING) is then split into multiple segments. Each segment will be encapsulated into separate RRC message and then deliver to PDCP for transmission.


Figure 1: Handling in the transmitter side
In the receiver side, each segment container is firstly buffered. Once all the segments are successfully received, they are concatenated in sequence to form the whole encoded OCTET STRING. After ASN.1 decoding, the whole RRC message is successfully received and decoded.


Figure 2: Handling in the reception side
In this WI, as agreed in RANB2#105bis, only the segmentation of UE capability information message will be specified. A new message “ulDCCHMessageSegment” shall be introduced. The UECapabilityInformation message is ASN.1 encoded and before segmentation. The encoded RRC message (which is now a OCTET STRING) is then split into multiple segments. Each segment of the encoded UECapabilityInformation message is encapsulated into a rrcMessageSegmentContainer in ulDCCHMessageSegment message. A segmentindIndication is also added in this message to indicate whether it is the last segment or not. Network can start to concatenate and decode the whole UECapabilityInformation message once all the segments have been successfully received.
Since the signaling in SRB is delivered in sequence, there is no need to define a serial number for each segment. Hard split is applied in this example and network can only decode the whole message when all the segments are received. The structure ULDCCHMessageSegment can be applied in the segmentation of all the uplink DCCH messages, e.g. MeasurementReport message, UECapabilityInformation message and so on. Similarly, a new message “dlDCCHMessageSegment” can also be introduced in DL-DCCH-Message for segmentation of DL RRC messages. 
Proposal 3: A new message “ulDCCHMessageSegment” shall be introduced in UL-DCCH-MessageType to carry 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. 
The following ASN.1 is given as an example for the uplink RRC message:
-- ASN1START
-- TAG-UL-DCCH-MESSAGE-START

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,
        spare3ulDCCHMessageSegment			 NULLULDCCHMessageSegment,
        spare2 NULL, spare1 NULL
    },
    messageClassExtension           SEQUENCE {}
}
ULDCCHMessageSegment ::=     SEQUENCE {
rrcMessageSegmentContainer		          OCTET STRING,
segmentEndIndication						 BOOLEAN,
    nonCriticalExtension                		SEQUENCE{}                                                            OPTIONAL
}
-- TAG-UL-DCCH-MESSAGE-STOP
-- ASN1STOP
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: RRC level segmentation is applied in UE capability information segmentation.
Proposal 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.
Proposal 3: A new message “ulDCCHMessageSegment” shall be introduced in UL-DCCH-MessageType to carry 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. 
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