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1 Introduction
In previous RAN2 meetings, several papers proposed to harmonise the legacy RRC messages for connection control [1]-[7], and in RAN2#97bis meeting, the following agreement was achieved.

Aim to limit the number of RRC messages i.e. avoid introducing several messages with similar content/ similar procedural handling (details can be discusses when more progress has been made on the individual procedures)

In this document, we provide detailed analysis on each connection control related messages based on LTE and give our views on the message harmonisation. 
2 Discussion
In LTE system, the number of features had gradually increased after each release and new RRC messages had been defined correspondingly. Finally, the genres of RRC message became various and complicated, especially for the function of establishment, maintenance and release of an RRC connection. Table 1 lists the connection control related messages with main IEs in LTE.
Table 1
Connection control messages in LTE
	Messages
	IEs

	RRCConnectionRequest
	ue-Identity, establishmentCause

	RRCConnectionSetup
	radioResourceConfigDedicated

	RRCConnectionSetupComplete
	selectedPLMN-Identity, registeredMME, dedicatedInfoNAS,
gummei-Type-r10, rlf-InfoAvailable-r10, logMeasAvailable-r10, rn-SubframeConfigReq-r10, connEstFailInfoAvailable-r11, mobilityState-r12, mobilityHistoryAvail-r12, logMeasAvailableMBSFN-r12, ce-ModeB-r13, s-TMSI-r13, attachWithoutPDN-Connectivity-r13, up-CIoT-EPS-Optimisation-r13, cp-CIoT-EPS-Optimisation-r13, ue-CE-NeedULGaps-r13, dcn-ID-r14

	RRCConnectionReject
	waitTime,
extendedWaitTime-r10, deprioritisationReq-r11, rrc-SuspendIndication-r13

	RRCConnectionRelease
	releaseCause, redirectedCarrierInfo, idleModeMobilityControlInfo,
redirectedCarrierInfo-v9e0, idleModeMobilityControlInfo-v9e0, cellInfoList-r9, extendedWaitTime-r10, resumeIdentity-r13

	RRCConnectionReestablishmentRequest
	ue-Identity, reestablishmentCause

	RRCConnectionReestablishment
	radioResourceConfigDedicated, nextHopChainingCount

	RRCConnectionReestablishmentComplete
	rlf-InfoAvailable-r9, logMeasAvailable-r10, connEstFailInfoAvailable-r11, logMeasAvailableMBSFN-r12

	RRCConnectionReestablishmentReject
	

	RRCConnectionReconfiguration
	measConfig, mobilityControlInfo, dedicatedInfoNASList, radioResourceConfigDedicated, securityConfigHO,
antennaInfoDedicatedPCell-v10i0, otherConfig-r9, fullConfig-r9,  sCellToReleaseList-r10, sCellToAddModList-r10, systemInformationBlockType1Dedicated-r11, wlan-OffloadInfo-r12, scg-Configuration-r12, sl-SyncTxControl-r12, sl-DiscConfig-r12, sl-CommConfig-r12, sCellToReleaseListExt-r13,  sCellToAddModListExt-r13, lwa-Configuration-r13, lwip-Configuration-r13, sl-V2X-ConfigDedicated-r14, sl-P2X-ConfigDedicated-r14,  sCellToAddModListExt-v14xy, perCC-GapIndicationRequest-r14

	RRCConnectionReconfigurationComplete
	rlf-InfoAvailable-r10, logMeasAvailable-r10, logMeasAvailableMBSFN-r12, perCC-ListGapIndication-r14, numFreqEffective-r14

	RRCConnectionResumeRequest
	resumeIdentity-r13, shortResumeMAC-I-r13, resumeCause-r13

	RRCConnectionResume
	radioResourceConfigDedicated-r13, nextHopChainingCount-r13,measConfig-r13, antennaInfoDedicatedPCell-r13, drb-ContinueROHC-r13

	RRCConnectionResumeComplete
	selectedPLMN-Identity-r13, dedicatedInfoNAS-r13, rlf-InfoAvailable-r13, logMeasAvailable-r13, connEstFailInfoAvailable-r13, mobilityState-r13, mobilityHistoryAvail-r13, logMeasAvailableMBSFN-r13


Comparing the contents in each message in table 1, although some IEs are only existed in a specific message, the messages used for similar purpose, for example, the Request kind of messages, the Complete kind of messages, the Reject/Release kind of messages, or the Configuration kind of messages, contain most common contents. Therefore, according to the agreed design principle, i.e. to avoid introducing several messages with similar content/ similar procedural handling, which could help make NR design concise and reduce the effort of defining RRC procedures, we suggest to minimize the genre of similar RRC messages as much as possible and to use one same RRC message for a similar purpose. 
Table 2 shows an example harmonisation that could reduce the number of messages from 14 to 4, and the main IEs for each message are also listed as an illustration.
Table 2
Harmonised connection control messages
	Harmonised Messages
	 Corresponding Legacy Messages
	 Example IEs

	RRCConnectionConfigurationRequest
	RRCConnectionRequest
RRCConnectionReestablishmentRequest
RRCConnectionResumeRequest
	ue-Identity
establishmentCause
shortResumeMAC-I

	RRCConnectionConfiguration
	RRCConnectionSetup
RRCConnectionReestablishment
RRCConnectionReconfiguration
RRCConnectionResume
	radioResourceConfigDedicated
measConfig
mobilityControlInfo
dedicatedInfoNASList
securityConfig               (incl. nextHopChainingCount)

	RRCConnectionConfigurationComplete
	RRCConnectionSetupComplete
RRCConnectionReestablishmentComplete
RRCConnectionReconfigurationComplete
RRCConnectionResumeComplete
	selectedPLMN-Identity
registeredMME
dedicatedInfoNAS
rlf-InfoAvailable
logMeasAvailable

	RRCConnectionConfigurationReject
	RRCConnectionReject
RRCConnectionReestablishmentReject
RRCConnectionRelease
	waitTime
rejectCause
redirectedCarrierInfo
idleModeMobilityControlInfo


Correspondingly, the RRC state transition from IDLE/INACTIVE to CONNECTED follows three-step procedure (i.e. RRCConnectionConfigurationRequest, RRCConnectionConfiguration, RRCConnectionConfigurationComplete), the RRC state transition from CONNECTED to INACTIVE/IDLE follows one step procedure (i.e. RRCConnectionConfigurationReject), and the network initiated RRC state transition from INACTIVE to IDLE follows INACTIVE to CONNECTED and then CONNECTED to IDLE. Figure 1 shows the state transition diagram. 
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Figure 1
UE state machine and state transitions in NR

Furthermore, a configuration cause could be included in each message to indicate the receiver/transmitter’s behavior, or different UE ID values if included could be used to indicate.
This harmonisation approach has the benefit that the genre of RRC messages could be reduced from 14 to 4, and thus the standardization effort of defining several similar RRC procedures and also the follow-up ASN.1 maintenance could be large saved. For example, the modification only needs to be made in one message for new IE addition or IE modification, but not to involve several messages at the same time. 
Therefore, we propose to adopt the harmonisation approach shown in table 2 and to agree the following four harmonised messages for connection control in NR, i.e.
· RRCConnectionConfigurationRequest
· RRCConnectionConfiguration
· RRCConnectionConfigurationComplete
· RRCConnectionConfigurationReject
3 Proposal
The paper analysed legacy RRC messages for connection control, discussed the harmonisation approach to reduce the similar RRC messages and came to the following proposal:

Proposal: To adopt the harmonisation approach shown in table 2 and to agree the following four harmonised messages for connection control in NR, i.e.

· RRCConnectionConfigurationRequest
· RRCConnectionConfiguration
· RRCConnectionConfigurationComplete
· RRCConnectionConfigurationReject
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