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1. Introduction
RAN2 has not so far agreed on the RRC design details regarding NR-E-UTRA Dual Connectivity (NE-DC). In order to ensure the progress, we will be discussing the RRC design principles for NE-DC in this contribution, both from the RRC architecture and ASN.1 design perspectives.
1. [bookmark: _Ref178064866]Discussion
1. RRC baseline for NE-DC
In EN-DC, as the primarily specified DC scenario, we agreed that the both MN and SN can generate ASN.1 [1]. In addition, it was agreed that ASN.1 generated by the secondary node (SN) can be transported by the master node (MN) at least in some cases, e.g., for the first configuration or the configurations requiring capability coordination between MN and SN. Furthermore, while LTE RRC Connection Reconfiguration message is re-used, NR lower layer configuration generated by NR RRC is encapsulated into the LTE RRC message as an NR RRC message. Further, it was decided that separate containers for NR PDCP configurations are used allowing flexible mapping between NR PDCP entities and lower layers (LTE or NR).
As a next step, we need to specify the RRC design principles for the MR-DC cases. Considering that we have other multi-RAT DC cases in addition to EN-DC, i.e., NE-DC (Option 4), NG-EN-DC (Option 7), ideally it would be optimal to have a common RRC baseline for all. This way, the specified RRC architecture and ASN.1 structure could be re-used as much as possible. Further, the efforts needed for both the network and the UE implementations could be significantly reduced. In this context, the ASN.1 design of EN-DC can be considered as the baseline in NE-DC where the baseline can be complemented with the necessary changes. Furthermore, the supported bearer types are harmonized for EN-DC and NE-DC [1] as illustrated in Figures 1 and 2. In case of NE-DC, the PDCP version for the supported bearers are only NR PDCP as described in [1]. These will help minimizing the number of options and harmonizing the procedures (including the other NR/eLTE DC options in the future).
1. It would simplify both the network and the UE implementations if ASN.1 design structure follows the same baseline for the MR-DC cases where the baseline can be complemented with the necessary changes.
The ASN.1 design of EN-DC is taken as the baseline for NE-DC bearer configuration.


Figure 1. Supported DRBs in EN-DC.


Figure 2. Supported DRBs in NE-DC.

1. Current ASN.1 structure for EN-DC
RAN2 has agreed that NR configuration embedded in the LTE RRCConnectionReconfiguration is RRC PDU. Later on, it was agreed that this is the same as NR RRCReconfiguration message. In addition, it was agreed that bearer configuration is given in another transparent container, one used to configure bearers using KeNB and constructed by the MN and another used to configure bearers using S-KgNB and constructed by the SN.
In the latest merged CR for NR RRC specifications, NR RRC Reconfiguration structure is defined as follows:
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RRCReconfiguration message (38.331)
-- ASN1START
-- TAG-RRCRECONFIGURATION-START

RRCReconfiguration ::= 				SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		rrcReconfiguration					RRCReconfiguration-IEs,
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCReconfiguration-IEs ::= 			SEQUENCE {
	radioBearerConfig						RadioBearerConfig 														OPTIONAL, -- Need M
	secondaryCellGroup						OCTET STRING (CONTAINING CellGroupConfig)								OPTIONAL, -- Need M
	measConfig								MeasConfig																OPTIONAL, -- Need M
	lateNonCriticalExtension				OCTET STRING															OPTIONAL,
	nonCriticalExtension					RRCReconfiguration-vxx-IEs												OPTIONAL 
}

RRCReconfiguration-vxx-IEs ::= 			SEQUENCE {
	masterCellGroup							OCTET STRING (CONTAINING CellGroupConfig)								OPTIONAL, -- Need M
	fullConfig								ENUMERATED {true} 														OPTIONAL, -- Need N
	dedicatedNAS-MessageList                SEQUENCE (SIZE(1..maxDRB)) OF DedicatedInfoNAS						OPTIONAL, -- Cond nonHO
	keyRefresh								KeyRefresh															OPTIONAL, -- Cond MasterKeyChange
	dedicatedSIB1-Delivery				OCTET STRING (CONTAINING SIB1)										OPTIONAL,
	dedicatedSystemInformationDelivery	OCTET STRING (CONTAINING SystemInformation)							OPTIONAL,
	nonCriticalExtension					SEQUENCE {}																OPTIONAL 
}
KeyRefresh ::=					SEQUENCE {
	keySetChangeIndicator			BOOLEAN															OPTIONAL,	-- Cond MasterKeyChange
	nextHopChainingCount			NextHopChainingCount											OPTIONAL,	-- Cond MasterKeyChangeNCC
	n2ModeNAS-Container				OCTET STRING													OPTIONAL,	-- Cond InterSystemHO
	...
}


-- TAG-RRCRECONFIGURATION-STOP
-- ASN1STOP


In the embedded NR RRC PDU in the LTE RRCConnectionReconfiguration, the fields that can be present are
1. secondaryCellGroup to configure SCG
1. measConfig to configure NR measurements
It was also agreed in RAN2#100 that, for EN-DC for the Dec-17 drop, the UE behaviour will only be specified for the case that the embedded NR RRC PDU in the LTE RRRCConnectionReconfiguration includes secondaryCellGroup and/or measConfig but nothing else.
[bookmark: _Toc498650359][bookmark: _Toc498650290]Furthermore, RadioBearerConfig structure below can be used to reconfigure PDCP via SRB1 at least for the cases when the relevant parameters are needed to be coordinated with MN. NR PDCP configuration can be sent via SRB3 when the coordination with MN is not needed. 

 RadioBearerConfig information element (38.331)
-- ASN1START
-- TAG-RADIO-BEARER-CONFIG-START

RadioBearerConfig ::=					SEQUENCE {
	srb-ToAddModList						SRB-ToAddModList										OPTIONAL,	-- Cond HO-Conn
	srb3-ToRelease							ENUMERATED{true}										OPTIONAL,	-- Need N
	drb-ToAddModList						DRB-ToAddModList										OPTIONAL,	-- Cond HO-toNR
	drb-ToReleaseList						DRB-ToReleaseList										OPTIONAL,	-- Need N
	securityConfig 							SecurityConfig											OPTIONAL,	-- Need M
	...
}

SRB-ToAddModList ::=					SEQUENCE (SIZE (1..2)) OF SRB-ToAddMod
SRB-ToAddMod ::=						SEQUENCE {
	srb-Identity							SRB-Identity,
	reestablishPDCP							ENUMERATED{true}										OPTIONAL, 	-- Need N
	discardOnPDCP                           ENUMERATED{true}										OPTIONAL,	-- Need N
	pdcp-Config								PDCP-Config												OPTIONAL,	-- Cond PDCP
	...
}


DRB-ToAddModList ::=					SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddMod
DRB-ToAddMod ::=						SEQUENCE {
	cnAssociation							CHOICE {
		eps-BearerIdentity						INTEGER (0..15),									-- EPS-DRB-Setup
		sdap-Config								SDAP-Config											-- 5GC
	} 										OPTIONAL, -- Cond DRBSetup
	drb-Identity							DRB-Identity,
	reestablishPDCP							ENUMERATED{true}										OPTIONAL, 	-- Need N
	recoverPDCP								ENUMERATED{true}										OPTIONAL, 	-- Need N
	pdcp-Config								PDCP-Config												OPTIONAL,	-- Cond PDCP
	...
}
DRB-ToReleaseList ::=					SEQUENCE (SIZE (1..maxDRB)) OF DRB-Identity

SecurityConfig ::=						SEQUENCE {	
	securityAlgorithmConfig					SecurityAlgorithmConfig									OPTIONAL,	-- Cond RBTermChange
	keyToUse								ENUMERATED{master, secondary}								OPTIONAL,	-- Cond RBTermChange
	...}


-- TAG-RADIO-BEARER-CONFIG-STOP
-- ASN1STOP

These parameters are for the bearers configured with NR PDCP. Rest of the parameters the UE gets via LTE RRC (SecurityModeCommand and RRCConnectionReconfiguration with MobilityControlInfo). 

RRCConnectionReconfiguration message - Rel-15 IEs (36.331)
RRCConnectionReconfiguration-v1510-IEs ::= SEQUENCE {
	nr-Config-r15					CHOICE {
		release							NULL,
		setup							SEQUENCE {
			endc-ReleaseAndAdd-r15	BOOLEAN,
			nr-SecondaryCellGroupConfig-r15	OCTET STRING				OPTIONAL,	-- Need ON
			p-MaxEUTRA-r15					P-Max						OPTIONAL	-- Need ON
		}
	}																	OPTIONAL,	-- Need ON
	sk-Counter-r15					INTEGER (0.. 65535)					OPTIONAL,	-- Need ON
	nr-RadioBearerConfig1-r15		OCTET STRING						OPTIONAL,	-- Need ON
	nr-RadioBearerConfig2-r15		OCTET STRING						OPTIONAL,	-- Need ON
	tdm-PatternConfig-r15			CHOICE {
		release							NULL,
		setup							SEQUENCE {
			subframeAssignment-r15			SubframeAssignment-r15,
			harq-Offset-r15					INTEGER (0.. 9)
		}
	}																	OPTIONAL,	-- Cond FDD-PCell
	nonCriticalExtension			RRCConnectionReconfiguration-v15x0-IEs		OPTIONAL
}

RRCConnectionReconfiguration-v15x0-IEs ::= SEQUENCE {
	dedicatedInfoNASListExt-r15		SEQUENCE (SIZE(maxDRB-Plus1..maxDRB-r15)) OF
											DedicatedInfoNAS			OPTIONAL,	-- Cond nonHO
	sCellToAddModListExt-v15xy		SCellToAddModListExt-v15xy			OPTIONAL,	-- Need ON
	sCellGroupToReleaseList-r15		SCellGroupToReleaseList-r15			OPTIONAL,	-- Need ON
	sCellGroupToAddModList-r15		SCellGroupToAddModList-r15			OPTIONAL,	-- Need ON
	securityConfigHO-r15				SecurityConfigHO-r15					OPTIONAL,	-- Cond HO-to5GC
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}



1. Introduction of NE-DC
When NE-DC is introduced, there are fundamental questions need to be answered first regarding ASN.1. For instance, one of the main questions is how SN configuration is constructed for lower layers and higher layers.  Another is whether SCG configuration is a complete RRC message or IE(s).
We consider that it is beneficial to reuse the structure where PDCP configuration and SCG configuration are separated also in NE-DC. This makes it possible to use harmonised bearer concept also in the NE-DC scenario as well as for the split architecture option. Furthermore, within the new field proposed (see radioBearerConfig2-r15 below), RadioBearerConfig IE can be embedded as an octet string so as to enable the scenario where MN and SN support different specification releases. Note that the same radioBearerConfig2-r15 can also be used for NN-DC, as shown in [3].
[bookmark: _Toc498650360][bookmark: _Toc498650291]In NE-DC, separate bearer configuration fields (similar to nr-RadioBearerConfigX in LTE RRC) are introduced per termination point in NR RRC.
SCG configuration does not need to include all the existing IEs of LTE RRC message in the case of NE-DC. Hence, NR RRC message should encapsulate either i) a selected set of LTE RRC IEs or ii) LTE RRC message with certain fields present. Since the optional fields cost only 1 bit, the overhead is not expected to be too large in case we follow the LTE RRC message-based approach. Considering that we would like to minimize future changes in ASN.1, LTE RRC message-based approach could be beneficial, for same reasons this approach was selected also for EN-DC. The fields that needs to be included in the LTE RRC message are radioResourceConfigDedicated (with no PDCP configuration present), mobilityControlInfo and measConfig since LTE SN could control LTE mobility and configure the LTE measurements, see [2]. 
[bookmark: _Toc498650361][bookmark: _Toc498650292]In NE-DC, LTE lower layer configuration generated by LTE RRC is encapsulated into the NR RRC message as an LTE RRC message.
In NE-DC, the fields that needs to be included in the LTE RRC message are radioResourceConfigDedicated (with no PDCP configuration present), mobilityControlInfo and measConfig.

The ASN.1 example for the NE-DC extension in NR RRC (TS 38.331) is given below. Here, the lines highlighted in yellow indicate the new lines for the SCG and radio bearer configurations.

-- ASN1START
-- TAG-RRCRECONFIGURATION-START

RRCReconfiguration ::= 				SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		rrcReconfiguration					RRCReconfiguration-IEs,
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCReconfiguration-IEs ::= 			SEQUENCE {
	radioBearerConfig						RadioBearerConfig 														OPTIONAL, -- Need M
	secondaryCellGroup						OCTET STRING (CONTAINING CellGroupConfig)								OPTIONAL, -- Need M
	measConfig								MeasConfig																OPTIONAL, -- Need M
	lateNonCriticalExtension				OCTET STRING															OPTIONAL,
	nonCriticalExtension					RRCReconfiguration-vxx-IEs												OPTIONAL 
}

RRCReconfiguration-vxx-IEs ::= 			SEQUENCE {
	masterCellGroup							OCTET STRING (CONTAINING CellGroupConfig)								OPTIONAL, -- Need M
	fullConfig								ENUMERATED {true} 														OPTIONAL, -- Need N
	dedicatedNAS-MessageList                SEQUENCE (SIZE(1..maxDRB)) OF DedicatedInfoNAS						OPTIONAL, -- Cond nonHO
	keyRefresh								KeyRefresh															OPTIONAL, -- Cond MasterKeyChange
	dedicatedSIB1-Delivery				OCTET STRING (CONTAINING SIB1)												OPTIONAL,
	dedicatedSystemInformationDelivery	OCTET STRING (CONTAINING SystemInformation)									OPTIONAL,
	secondaryCellGroup-lte-r15			OCTET STRING (CONTAINING LTE RRCConnectionReconfiguration)					OPTIONAL,	–- Need M
	radioBearerConfig2-r15				OCTET STRING (CONTAINING RadioBearerConfig)									OPTIONAL,	-- Need M
	nonCriticalExtension					SEQUENCE {}																OPTIONAL 
}
KeyRefresh ::=					SEQUENCE {
	keySetChangeIndicator			BOOLEAN															OPTIONAL,	-- Cond MasterKeyChange
	nextHopChainingCount			NextHopChainingCount											OPTIONAL,	-- Cond MasterKeyChangeNCC
	n2ModeNAS-Container				OCTET STRING													OPTIONAL,	-- Cond InterSystemHO
	...
}

-- TAG-RRCRECONFIGURATION-STOP
-- ASN1STOP


1. Conclusion
[bookmark: _Hlk501841376]Based on the discussion in section 2, we have the following observations:
1. It would simplify both the network and the UE implementations if ASN.1 design structure follows the same baseline for the MR-DC cases where the baseline can be complemented with the necessary changes.
Further, we propose the following:
1. The ASN.1 design of EN-DC is taken as the baseline for NE-DC bearer configuration.
In NE-DC, separate bearer configuration fields (similar to nr-RadioBearerConfigX in LTE RRC) are introduced per termination point in NR RRC.
In NE-DC, LTE lower layer configuration generated by LTE RRC is encapsulated into the NR RRC message as an LTE RRC message.
In NE-DC, the fields that needs to be included in the LTE RRC message are radioResourceConfigDedicated (with no PDCP configuration present), mobilityControlInfo and measConfig.
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