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1	Introduction
Ensuring that the basic operation of EN-DC is possible is the single most important task of the EN-DC ASN.1 review. In this contribution, we discuss how the setup, modification and release of the EN-DC works.
2	Setup of EN-DC
The setup of EN-DC always begins with UE operating under LTE. For the sake of example, let's assume the following cell groups and bearers are configured for EN-DC: 
· SCG with PSCell (ServCellId = 1) + one (DL) SCell (ServCellId = 2, SCellIndex= 2), with one SCG split DRB (ID=10, LCID=5) (using S-KgNB) and SCG SRB (i.e. SRB3, LCID = 3)
· MCG with only PCell (ServCellId = 0) (i.e. no SCells), with one MCG split DRB (ID = 4, LCID = 4) (using KeNB) and MCG split SRBs (i.e. SRB1S and SRB2S, LCID = 1/2)
From ASN.1 perspective, the following is common for both cases:
· Bearer setup: The field nr-RadioBearerConfig-r15 (which is configured by MeNB) contains the NR PDCP configuration for bearers whose PDCP is anchored at MeNB. Similarly, the field nr-RadioBearerConfigS-r15 (which is configured by SgNB) contains the NR PDCP configuration for bearers whose PDCP is anchored at SgNB. Additionally, the field nr-SecondaryCellGroupConfig-r15 contains the RLC bearer configurations for SCG RLC bearers.
More detailed contents are as follows:
NR SgNB RadioBearerConfig:
· SCG split DRB is added via drb-ToAddModList, with DRB-ID = 10, LCID = 5
· SRB3 is added via the srb-ToAddModList within the NR RB config, and SCG split DRB
LTE MeNB RadioBearerConfig:
· MCG split DRB is added via drb-ToAddModList, with DRB-ID = 4, LCID = 4
· MCG split SRB(s) are added via srb-ToAddModList with SRB-Identity = ½
NR SgNB CellGroupConfig:
· Four RLC bearers (both DRBs and SRBs):
· ServedRadioBearer = 1, LCID = 1 (SCG part of SRB1)
· ServedRadioBearer = 2, LCID = 2 (SCG part of SRB2) 
· ServedRadioBearer = 4, LCID = 5 (MCG split DRB) 
· ServedRadioBearer = 10, LCID = 4 (SCG split DRB)
· SpCellConfig (no ServCellIndex is possible to include since it is assumed to be 0 for SpCell of SCG) 
· SCellToAddModList with SCellIndex = 2 (SCell)
We note the following:
· There is no ServCellIndex for PSCell assigned within NR configuration (just like for LTE PCell)
· Only SCellIndex is used for NR SCells (just like in LTE, ServCellIndex is not used for SCells but is assumed to be equal to SCellIndex)
· The NR PDCP containers are split between MN and SN configurations, despite the (split) bearers being unified from UE side.
Hence, the setup of EN-DC seems to work normally with similar principles as LTE DC, except for the fact that the unified bearers PDCP "hosts" may be determined from the RRC containers.
Observation 1: The current RRC doesn't fully hide the PDCP anchoring point from the UE.
3	Modification of EN-DC 
3.1	(Non-bearer) Reconfiguration of serving cells
The most basic modification would be reconfiguration of existing serving cells. For that, there are three basic cases:
1) Configuration change for SCell
2) Release of SCell
3) Addition of (new) SCell
The case 1) is a simple one: Normally, UE is just sent a reconfiguration message with changed parameters, and that's it. For 2) and 3), depending on which SCell (MCG or SCG) does the action, the signalling is generated by the corresponding SpCell RRC entity (since LTE SCells are added/released using LTE RRC and NR SCells using NR RRC).  And obviously, 2) and 3) are possible in the same message (when replacing one SCell with another or doing intra-cell"HO" for SCell). Since the bearer definitions are per CG, change of serving cell need to cause any action to radio bearers.
Observation 2: Reconfiguration of serving cells doesn't require any changes to RadioBearerConfig.
3.2	Bearer type changes (including bearer release)
When changing the bearer type, the signalling depends on the exact bearer type change: the most demanding
Bearer release means completely dropping the bearer. From UE viewpoint, this is visible as the bearer simply being listed in the LTE/NR DRB-ToReleaseList for the branches where it has been configured, without any new bearer with the same EPS bearer ID being configured at the same time. These are also already taken care in the existing procedures. 
Observation 3: Bearer release is already taken care of in the procedures.
4	Release of EN-DC
The normal release of active EN-DC connection requires releasing the SCG configuration and remapping the bearers. Since the final release of EN-DC involves MeNB deciding what to do with the bearers, the EN-DC release, the RadioBearerConfigs are assumed to be retained (according to NR RRC subclause 5.3.5.4 and LTE RRC subclauses 5.3.5.3/5.3.5.4). This is done via the scg-ConfigReleaseNR-r15 field, and implies that the UE shall also release the contents of endc-Config-r15 except for the RadioBearerConfigs wrapped in the OCTET STRINGs, as written within subclause 5.3.5.4 of NR RRC (UE continues to use NR PDCP for the bearers unless changed back to LTE PDCP via handover). 
RRCConnectionReconfiguration-v15x0-IEs ::= SEQUENCE {
	endc-Config-r15				SEQUENCE {
		scg-ConfigReleaseNR-r15				BOOLEAN,
		sk-Counter-r15						INTEGER (0.. 65535)				OPTIONAL,	-- Need ON
		nr-SecondaryCellGroupConfig-r15		OCTET STRING					OPTIONAL,	-- Need ON
		nr-RadioBearerConfig-r15			OCTET STRING					OPTIONAL,	-- Need ON
		nr-RadioBearerConfigS-r15			OCTET STRING					OPTIONAL,	-- Need ON
		tdm-PatternSingle-Tx-r15			SEQUENCE {
			subframeAssignment-r15				SubframeAssignment-r15,
			harq-Offset-r15						INTEGER (0.. 9)				OPTIONAL	-- Need ON
			}						OPTIONAL	-- Need ON
	}																		OPTIONAL	-- Need ON	nonCriticalExtension			SEQUENCE {}								OPTIONAL
}
However, this creates an interesting ASN.1 condition: The yellow-highlighted fields are expected to be released, and the green ones are not. Is Need ON correct for any of the fields? Going from NR PDCP to LTE PDCP is supposed to be done via handover, but if we cannot release the RadioBearerConfigs, fullConfig should be used, which seems like larger price to pay than just intra-cell handover. 
Observation 4: Releasing RadioBearerConfig seems to require fullConfig handover for LTE.
To avoid this, RRC could simply separate the release of the fields via two separate setup-release - constructs, e.g. as shown below:
RRCConnectionReconfiguration-v15x0-IEs ::= SEQUENCE {
	endc-CellGroupConfig-r15			CHOICE {
		release								NULL,
		setup								SEQUENCE {
			scg-ConfigReleaseNR-r15				BOOLEAN,
			sk-Counter-r15						INTEGER (0.. 65535)		OPTIONAL,	-- Need ON
			nr-SecondaryCellGroupConfig-r15		OCTET STRING			OPTIONAL,	-- Need ON
			tdm-PatternSingle-Tx-r15			SEQUENCE {
				subframeAssignment-r15				SubframeAssignment-r15,
				harq-Offset-r15						INTEGER (0.. 9)		OPTIONAL	-- Need ON
		}																OPTIONAL	-- Need ON
	}																	OPTIONAL,	-- Need ON
	nr-PDCP-Config-r15				CHOICE {
		release								NULL,
		setup								SEQUENCE {
			nr-RadioBearerConfig-r15			OCTET STRING			OPTIONAL,	-- Need ON
			nr-RadioBearerConfigS-r15			OCTET STRING			OPTIONAL,	-- Need ON
	}																	OPTIONAL,	-- Cond NR-PDCP
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}
This would allow separate the NR PDCP configuration and EN-DC configuration, and the condition NR-PDCP could be defined as follows:
	Conditional presence
	Explanation

	NR-PDCP
	This field is mandatory present when endc-CellGroupConfig is set to setup or when NR PDCP is configured for at least one bearer; otherwise the field is not present. 



Proposal 1: Adopt the structure with two setup-releases as shown above.
5	Extra fields in NR RRC
The review issues [N054, N056 and N057] also consider whether we really need masterCellGroupConfig and a list of secondaryCellGroupConfigs within NR RRC, since those are currently not releasable. These were added to be future-proof for NR-NR DC and multi-connectivity, but it might be just simplest to not have either safety clause. This would result in e.g. the following:
RRCReconfiguration message
-- ASN1START
-- TAG-RRCRECONFIGURATION-START

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

RRCReconfiguration-IEs ::= 			SEQUENCE {
	-- Configuration of Radio Bearers (DRBs, SRBs) including SDAP/PDCP. 
    -- In In EN-DC this field may only be present if the RRCReconfiguration
	-- is transmitted over SRB3. 
	radioBearerConfig						RadioBearerConfig 				OPTIONAL, -- Need M

	-- Configuration of SCG for MR-DC:
	secondaryCellGroup						CellGroupConfig					OPTIONAL, -- Need M

	-- Measurement configuration MR-DC:
	measConfig								MeasConfig						OPTIONAL, -- Need M


	lateNonCriticalExtension				OCTET STRING					OPTIONAL,
	nonCriticalExtension					SEQUENCE{}						OPTIONAL 
}

-- TAG-RRCRECONFIGURATION-STOP
-- ASN1STOP

Proposal 2: Remove both MCG and SCG as a list from RRCReconfiguration – message, and only allow addition of a single SCG.
Note that this still allows adding the MCG and list of SCGs as a later option via the normal nonCriticalExtension field when desired.
Alternatively, the EN-DC configuration could also be defined under its own "branch", e.g. by introducing a CHOICE that allows to use either EN-DC or SA NR configuration later on, as shown below.
RRCReconfiguration message
-- ASN1START
-- TAG-RRCRECONFIGURATION-START

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

RRCReconfiguration-IEs ::= 			SEQUENCE {
	rat-Config							CHOICE {
		en-dc								EN-DC-Config,
		...
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	lateNonCriticalExtension				OCTET STRING					OPTIONAL,
	nonCriticalExtension					SEQUENCE{}						OPTIONAL 
}

EN-DC-Config ::= SEQUENCE {
	-- Configuration of Radio Bearers (DRBs, SRBs) including SDAP/PDCP. 
    -- In In EN-DC this field may only be present if the RRCReconfiguration
	-- is transmitted over SRB3. 
	radioBearerConfig						RadioBearerConfig 				OPTIONAL, -- Need M

	-- Configuration of SCG for MR-DC:
	secondaryCellGroup						CellGroupConfig					OPTIONAL, -- Need M

	-- Measurement configuration MR-DC:
	measConfig								MeasConfig						OPTIONAL, -- Need M

	lateNonCriticalExtension				OCTET STRING					OPTIONAL,
	nonCriticalExtension					SEQUENCE{}						OPTIONAL 
}

-- TAG-RRCRECONFIGURATION-STOP
-- ASN1STOP

This would require some repetition for the SA NR part later on, but would separate the EN-DC and NR configurations fully from each other.
5	Conclusions
We discussed the basics of EN-DC setup, modification and release, and observed the following:
Observation 1: The current RRC doesn't fully hide the PDCP anchoring point from the UE.
Observation 2: Reconfiguration of serving cells doesn't require any changes to RadioBearerConfig.
Observation 3: Bearer release is already taken care of in the procedures.
Observation 4: Releasing RadioBearerConfig seems to require fullConfig handover for LTE.
Based on these and the discussion, we proposed the following:
Proposal 1: Adopt the structure with two setup-releases as shown above.
Proposal 2: Remove both MCG and SCG as a list from RRCReconfiguration – message, and only allow addition of a single SCG.


