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Introduction
This paper summarises RAN2 agreements regarding RRC inter node messages, aims to clarify some further aspects in order to define an initial baseline for inclusion in TS 38.331. The paper furthermore reviews the scenarios of SN initiated change of SN and SN initiated security refresh. Finally, the paper discusses some further signalling details. A corresponding text proposal is included.
Discussion
Use of RRC inter-node messages with NR
For certain information exchanged between LTE and NR nodes we have made agreements about the encoding. As there may not have been any explicit agreements about where the inter-node messages involving NR are specified we propose 
Proposal 1	Introduce in the NR RRC specification inter-node messages (INM) for:
a) SCG (re-)configuration, to be used for SCG establishment/ reconfiguration/ change involving an NR SN (used regardless of the RAT used by MN)
b) Handover: to be used upon change to an NR target MN (used regardless of the RAT used by source MN)
The following table provides an overview of the NR RRC INMs and their contents.
	Message
	Description
	Contents (agreed)
	Remarks

	HO to NR target node

	NR: HandoverPreparationInformation
(from source RAN to target gNB)
	Information from source to assist target node to prepare HO
	· UE capabilities (transparently forwarded)
· AS configuration, including (Resource and measurement configuration, UE identifier, Antenna Info and DL Carrier Frequency)
· RRM configuration, including at least inactive time, list of best cells on frequencies with measResults available, optionally including beam index and measResults (SSB or CSI-RS)
· AS context

	· AS context includes information necessary to handle handover failures
· AS config: FFS whether QoS flow mapping reflects reflective or only RRC configured
· AS config: includes source SI equivalent to LTE’s MIB, SIB-1 and SIB-2 (details FFS)
· RRM config: FFS for which cells beam info may be provided

	NR: HandoverCommand
(from target gNB to source RAN)
	Radio configuration following handover, generated by target node
	· NR reconfiguration (HO) message (transparently forwarded)
· 
	· FFS if source may add info to HO command e.g. MBB

	SCG configuration with NR SN

	NR: SCG-ConfigInfo
(from MN of any RAT to NR SN gNB)
	Information from source to assist target node to prepare SCG (re-) configuration
	· Measurement results related to target SN (NR encoded, originated by MN or source SN)
· Indication whether to establish split for SRB1 and SRB2
· Indication of DRB identity, and DRB type info (TBC) and EPS bearer identity (if PDCP @ SN, TBC)
· UE capabilities (transparently forwarded)
· Configuration restrictions due coordination of dependent UE capabilities (details FFS)
· MCG DRX config (details FFS)
· Source SCG-Config (upon change of SCG i.e. for delta signalling)
	· Some companies prefer using a different name for the RRC INM e.g. SCG-ConfigReq rather than SCG-ConfigInfo
· RAN3 to decide QoS attribute and SRB attribute info
· Xx used for SCG change indication, UE AMBR, serving PLMN, reject cause
· Blind SN addition is supported (EN-DC)

	NR: SCG-Config
(from NR SN gNB to MN of any RAT)
	Radio configuration following SCG (re-) configuration, generated by target node
	· NR reconfiguration message (transparently forwarded)
	

	
	
	
	


Tab.1 NR RRC INMs and their contents
Some further remarks:
· We think that the RRC INMs listed in table 1 should be introduced in NR.
· As in LTE, we think the RRC INM is independent of the RAT used by the initiator (i.e. originator adjusts to terminator). In other words, as a baseline the same container would be used for other DC cases. We understand that for some fields there still is/ may be discussion about the encoding to be used
· For the different fields, initial contents would be in accordance with the table. In some cases further/ actual details are still FFS. E.g. at this stage merely a general placeholde can be introduced for configuration restrictions due to UE capability coordination.
· RAN3 meanwhile confirmed use of Xx for QoS attributes. For SCG split DRB RAN3 introduced negotiation i.e.  MN provides suggested QoS (e.g. data rate) but SN can accept lower value (e.g. push part of the traffic back to MN).
· UE AMBR is still FFS in RAN3. For SCG split DRB Samsung proposed to use negoriation alike for QoS.
In accordance with the previous we propose:
Proposal 2	Introduce inter node messages in NR RRC as follows (LTE names merely used by example), and with contents according to Tab. 1. These messages are used regardless of the RAT used by source RAN:
· HandoverPreparationInformation
· HandoverCommand
· SCG-ConfigInfo 
· SCG-Config
Specific scenario’s
SN initiated change of SN
RAN2 agreed that SN may initiate change to another SN. We understand that the Xx messages for this have already been agreed by RAN3. RAN2 discussed certain aspects about the RRC related content of these messages, but did not really discuss conclude the RRC inter node messages contained. The following picture illustrates the sequence.


Fig.1 SN initiated change of SN
Some remarks:
· Some of the information provided to the target SN is generated by source SN i.e. at least measurements and the current SCG configuration. The MN controlled/ decided information is assumed to be generated by MN e.g. SRB and DRB related. MN is also equeally suited to generate the UE capabilities
· The RRC INM included in Xx message 1 includes a subset of the parameters included in Xx message 2. I.e. it seems simplest to just re-use the same RRC INM (sSN just omits irrelevant fields)
In accordance with the previous we propose:
Proposal 3	No additional RRC inter node messages are introduced specifically for SN initiated change of SN, i.e:
a) There is a single RRC inter-node message to cover SgNB Change Required, SgNB Addition Request and SgNB Modification Request
b) There is a single RRC inter-node message to cover SgNB Change Required Ack, SgNB Addition Request Ack and SgNB Modification Request Ack
SN initiated security refresh
In LTE DC, MN provides the security key to SN. Consequently, upon every SN initiated SCG change, the SN requires input from MN. This has been realised by nesting an MN initiated procedure within the SN initiated SeNB modification, as shown in the figure below.

 
Fig.2 Procedure nesting upon SN initiated SCG change
There is an RRC inter-node message in both X2 messages send by SN in such a scenario (i.e. in 1: SeNB modification required and in 3: SeNB modification request ack). To avoid the MN has to modify/ combine, only the SCG configuration included in X2 message 3 (i.e. SeNB modification request ack) is provided to the UE. This however imposes certain restrictions regarding what kind of SCG configurations SN can include in the concered X2 messages.
NOTE	It should be noted that in LTE DC SCG change applies in several SN initiated modification cases: a) change of PSCell, b) DRB type change (SN may initiate release of SCG resource use, but MN ultimately decides whether to change DRB type or to release DRB), c) sKNB refresh, d) SCG algorithm change. In EN-DC, only case c) and d) seem to remain.
We think it would be good to avoid the complexity and configuration restrictions imposed by these nested procedures. This mainly would require a means for SN to refresh the sKNB key without involving MN. This seems well possible e.g. by a) allowing SN to generate the SCG counter (MN would still provide sKNB initially and upon mKNB refresh) or by MN pre-provisioning the SN with a set of sKNBs
Proposal 4	RAN2 is requested to consider introducing a means for SN to refresh security without MN involvement i.e. to avoid the associated (complicated and restrictive) nested Xx procedures
Other further signalling details
Measurements/ candidate cells 
RAN2 agreed that, at least for EN-DC, the MN can blindly add the SCG in the the first RRC reconfiguration message following connection establishement. RAN2 furthermore agreed that MN provides measurement results rather than explicitly indicating the SCG cell to be added. We assume this means MN provides a list of candidate SCG cells and for each such candidate cell measurement results may be provided i.e. absent in case of blind addition. We assume this is sufficient for SN to determine whether to provide CF or CB RA resources associated with a limited part of the candidate cell’s coverage area. I.e. this may be done only if measurement information is provided.
Proposal 5	Introduce a field in the NR: SCG-ConfigInfo INM by which MN can inform SN about the list of candidate SCG cells, and optionally including measurement results. No additional indication is required to assist SN with selecting the initial access configuration i.e. whether to include dedicated CF or CB RA resources.
SRB configuration
RAN2 agreed that MN provides an indication to SN whether to establish split for SRB1 and SRB2. We think MN likewise decides the UL path the UE should use for a split SRB. We think the UE is either configured to not use duplication (i.e. use MCG leg only) or use duplication (i.e. use both legs).
There is still an FFS whether MN would need to provide any further input to control the L2 configuration to be used for the SCG leg of a MCG split SRB. We think the L2 configuration of SRBs is not UE specific. Hence, it there would be a desire to coordination the RLC or logical channel configuration parameters of the MN and SN legs, this might be done by OAM i.e. there seems no real need for any Xx signalling.
Proposal 6	Introduce a field in the NR: SCG-ConfigInfo INM by which MN can inform SN about the use of split and UL duplication for SRB1 and SRB2. There is no need for MN to provide SRB attribute information to SN if split is used for these SRBs.
DRB configuration
RAN2 agreed that MN decides the identity of all DRBs, as well as their type. We think the MN needs to provide the DRB related information to SN as reflected by the following proposal:
Proposal 7	Introduce a field in the NR: SCG-ConfigInfo INM by which MN can inform SN about the parameters for DRBs using SRG resources:
· DRB identity: for all DRBs using SCG resources (used for logical channel mapping)
· DRB type: for all DRBs using SCG resources
· EPS bearer identity: for DRBs with PDCP located @ SN
DRB security key assignment
RAN2 agreed that For EN-DC, the network can configure each DRB to use 1 key out of a set of 2 keys (KeNB and S-KeNB). We understand that if there are separate physical nodes, 2 different keys will have to be used. Hence, we assume there is no need for any inter-node signaling related to this (i.e. SN just uses sKNB). We furthermore assume that SN can decide by itself whether integrity needs to be configured for a DRB anchored at SN.
Proposal 8	There is no need for inter-node signalling regarding the key to be used for a DRB, nor regarding whether integrity is to be used.
DRX configuration
RAN2 agreed that in case of EN-DC, MN informs SN about the DRX configuration used for MCG (so that SN can align its configuration). Considering the RAN2 aim to avoid that SN needs to comprehend MCG configuration, we think a specific field should be introduced in the NR: SCG-ConfigInfo INM. We think the field only needs to cover the bare essence i.e. periodicity and offset and hence propose:
Proposal 9	Introduce a field in the NR: SCG-ConfigInfo INM by which MN can inform SN about the MCG DRX configuration, comprising of DRX cycle and offset (both plain integers)
Conclusion & recommendation
The paper progresses the RRC inter node messages in order to define an initial baseline for inclusion in TS 38.331. The document includes the following proposal that RAN2 is requested to discuss and conclude. A corresponding text proposal is provided that RAN2 is requested to endorse for inclusion in the running NR RRC draft TS.
Proposal 1	Introduce in the NR RRC specification inter-node messages (INM) for:
a) SCG (re-)configuration, to be used for SCG establishment/ reconfiguration/ change involving an NR SN (used regardless of the RAT used by MN)
b) Handover: to be used upon change to an NR target MN (used regardless of the RAT used by source MN)
Proposal 2	Introduce inter node messages in NR RRC as follows (LTE names merely used by example), and with contents according to Tab. 1. These messages are used regardless of the RAT used by source RAN:
· HandoverPreparationInformation
· HandoverCommand
· SCG-ConfigInfo 
· SCG-Config
Proposal 3	No additional RRC inter node messages are introduced specifically for SN initiated change of SN, i.e:
a) There is a single RRC inter-node message to cover SgNB Change Required, SgNB Addition Request and SgNB Modification Request
b) There is a single RRC inter-node message to cover SgNB Change Required Ack, SgNB Addition Request Ack and SgNB Modification Request Ack
Proposal 4	RAN2 is requested to consider introducing a means for SN to refresh security without MN involvement i.e. to avoid the associated (complicated and restrictive) nested Xx procedures
Proposal 5	Introduce a field in the NR: SCG-ConfigInfo INM by which MN can inform SN about the list of candidate SCG cells, and optionally including measurement results. No additional indication is required to assist SN with selecting the initial access configuration i.e. whether to include dedicated CF or CB RA resources.
Proposal 6	Introduce a field in the NR: SCG-ConfigInfo INM by which MN can inform SN about the use of split and UL duplication for SRB1 and SRB2. There is no need for MN to provide SRB attribute information to SN if split is used for these SRBs.
Proposal 7	Introduce a field in the NR: SCG-ConfigInfo INM by which MN can inform SN about the parameters for DRBs using SRG resources:
· DRB identity: for all DRBs using SCG resources (used for logical channel mapping)
· DRB type: for all DRBs using SCG resources
· EPS bearer identity: for DRBs with PDCP located @ SN
Proposal 8	There is no need for inter-node signalling regarding the key to be used for a DRB, nor regarding whether integrity is to be used.
Proposal 9	Introduce a field in the NR: SCG-ConfigInfo INM by which MN can inform SN about the MCG DRX configuration, comprising of DRX cycle and offset (both plain integers)
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This section specifies RRC messages that are sent either across the Xn- or the NG-interface, either to or from the gNB, i.e. a single 'logical channel' is used for all RRC messages transferred across network nodes. The information could originate from or be destined for another RAT.
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NR-InterNodeDefinitions DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

IMPOS
	RRCConnectionReconfiguration,
	UE-CapabilityRAT-ContainerList
FROM NR-RRC-Definitions;

-- ASN1STOP

10.2.2	Message definitions
[bookmark: _Toc494150438][bookmark: _Toc470095937][bookmark: _Toc485027757]–	HandoverCommand
This message is used to transfer the handover command as generated by the target gNB.
Direction: target gNB to source gNB/ source RAN
HandoverCommand message
-- ASN1STA

HandoverCommand ::=					SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE{
			handoverCommand-r15					HandoverCommand-r15-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

HandoverCommand-r15-IEs ::=			SEQUENCE {
	handoverCommandMessage				OCTET STRING (CONTAINING RRCConnectionReconfiguration),
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}

-- ASN1STOP

	HandoverCommand field descriptions

	handoverCommandMessage
Contains the RRCConnectionReconfiguration message used to perform handover within NR or handover to NR, as generated (entirely) by the target gNB.



[bookmark: _Toc494150439]–	HandoverPreparationInformation
This message is used to transfer the NR RRC rmation used by the target gNB during handover preparation, including UE capability rmation.
Direction: source gNB/ source RAN to target gNB
HandoverPreparationInformation message
-- ASN1STA

HandoverPreparationInformation ::=	SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE{
			handoverPreparationInformation-r15	HandoverPreparationInformation-r15-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

HandoverPreparationInformation-r15-IEs ::= SEQUENCE {
	ue-CapabilityRAT-List				UE-CapabilityRAT-ContainerList,
	as-Config							AS-Config				OPTIONAL,
	rrm-Config							RRM-Config				OPTIONAL,
	as-Context							AS-Context				OPTIONAL,
	nonCriticalExtension				SEQUENCE {}				OPTIONAL
}

AS-Config ::=				SEQUENCE {
	sourceUE-Identity					C-RNTI,
	sourceDl-CarrierFreq				ARFCN-ValueEUTRA,
	sourceMCG-Config					MasterCellGroupConfig,
	sourceSCG-Config					SecondaryCellGroupConfig,
	sourceRB-Config						RadioBearerConfig,
	sourceMeasConfig					MeasConfig,
	sourceSecurityConfig				SecurityConfig,
	sourceSIB-List						SIB-List,
	-- eNote: assumed to include antennaInfoCommon
}

AS-Context ::=							SEQUENCE {
	reestablishmentInfo						EQUENCE {
		sourcePhysCellId					PhysCellId,
		targetCellShortMAC-I				ShortMAC-I,
		additionalReestabInfoList			AdditionalReestabInfoList				OPTIONAL,
	}																				OPTIONAL,
	...
}

ReestabNCellInfoList ::=		SEQUENCE ( SIZE (1..maxCellPrep) ) OF ReestabNCellInfo

ReestabNCellInfo::=	SEQUENCE{
	cellIdentity						CellIdentity,
	key-eNodeB-Star					BIT STRING (SIZE (256)),
	shortMAC-I							ShortMAC-I
}

RRM-Config ::=				SEQUENCE {
	ue-InactiveTime				INTEGER,
	candidateCellInfoList		CandidateCellInfoList		OPTIONAL
	...,
}

-- ASN1STOP

	HandoverPreparationInformation field descriptions

	as-Config
The radio resource configuration as used in the source cell.

	as-Context
Local RAN context required by the target gNB.

	rrm-Config
Local RAN context used mainly for RRM purposes.

	ue-RadioAccessCapabilityInfo
The UE radio access related capabilities concerning RATs supported by the UE. FFS whether certain capabilities are mandatory to provide by source e.g. of target and/ or source RAT.



[bookmark: _Toc494150440]–	SCG-Config
This message is used to transfer the SCG radio configuration as generated by the SgNB.
Direction: Secondary eNB to master eNB
SCG-Config message
-- ASN1STA

SCG-Config ::=						SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE{
			scg-Config-r15					SCG-Config-r15-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

SCG-Config-r15-IEs ::=				SEQUENCE {
	scg-RadioConfig						OCTET STRING (CONTAINING RRCConnectionReconfiguration),
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}

-- ASN1STOP

	SCG-Config field descriptions

	scg-RadioConfig
Contains the RRCConnectionReconfiguration message, used to establish or reconfigure the SCG configuration, as generated (entirely) by the target SgNB



[bookmark: _Toc494150441]–	SCG-ConfigInfo
This message is used by MNB to request the SgNB to perform certain actions e.g. to establish, modify or release an SCG. The message may include additional information e.g. to assist the SgNB to set the SCG configuration.
Direction: Master eNB or gNB to secondary gNB
SCG-ConfigInfo message
-- ASN1STA

SCG-ConfigInfo ::=					SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE{
			scg-ConfigInfo-r15					SCG-ConfigInfo-r15-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

SCG-ConfigInfo-r15-IEs ::=			SEQUENCE {
	candidateCellInfoList			CandidateCellInfoList				OPTIONAL,
	srb-ToAddModList				SRB-ToAddModInfoList				OPTIONAL,
	drb-ToAddModList				DRB-ToAddModInfoList				OPTIONAL,
	drb-ToReleaseList-r12			DRB-IdList							OPTIONAL,
	eutra-CapabilityInfo-r12		OCTET STRING (CONTAINING UECapabilityInformation)	OPTIONAL,
	scg-ConfigRestrictInfo-r12		SCG-ConfigRestrictInfo-r12			OPTIONAL,
	mcg-DRX-Info-r12				DRX-Info							OPTIONAL,
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

SRB-ToAddModInfoList ::=				SEQUENCE (SIZE (1..2)) OF SRB-ToAddModInfo

SRB-ToAddModInfo ::=					SEQUENCE {
	split									BOOLEAN,
	ul-Duplication							BOOLEAN
}

DRB-ToAddModInfoList ::=				SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddModInfo

DRB-ToAddModInfo::=				SEQUENCE {
	eps-BearerIdentity-r12			INTEGER (0..15)				OPTIONAL,
	drb-Identity-r12				DRB-Identity,
	drb-Type-r12					ENUMERATED {mcgSplit, scgSplit, scg}		OPTIONAL,
	...
}

DRB-IdList ::=				SEQUENCE (SIZE (1..maxDRB)) OF DRB-Identity

SCG-ConfigRestrictInfo ::=			SEQUENCE {
	-- Used to indicate configuration restrictions. Details are FFS,
}

DRX-Info ::=					SEQUENCE {
	cycle							INTEGER,
	offset							INTEGER
}

-- ASN1STOP

	SCG-ConfigInfo field descriptions

	drb-ToAddModInfoList
Includes DRBs the SgNB is requested to establish or modify (DRB type change).

	drb-ToReleaseListSCG
Includes DRBs the SeNB is requested to release.

	scg-RadioConfig
Includes the current dedicated SCG configuration.

	scg-ConfigRestrictInfo
Includes fields for which SgNB is explictly indicated to observe a configuration restriction.



10.3	Inter-node RRC information element definitions
[bookmark: _Toc494150448][bookmark: _Toc470095942][bookmark: _Toc485027758]–	CandidateCellInfoList
The CandidateCellInfoList IE contains rmation regarding cells that the source suggests the target gNB to consider configuring.
CandidateCellInfoList rmation element
-- ASN1STA

CandidateCellInfoList ::=	SEQUENCE (SIZE (1..maxCellSCG)) OF CandidateCellInfo

CandidateCellInfo ::=				SEQUENCE {
	cellIdentification				SEQUENCE {
		physCellId						PhysCellId,
		dl-CarrierFreq					ARFCN-ValueNR
	},
	measResultCell					SEQUENCE {
		rsrpResultCell						RSRP-Range,
		rsrqResultCell						RSRQ-Range
	-- FFS whether to support RSRQ
	}																OPTIONAL,
	candidateCellInfoList				CandidateCellInfoList		OPTIONAL,
	...
}

CandidateCellInfoList ::=	SEQUENCE (SIZE (1..maxBeamReport)) OF CandidateBeamInfo

CandidateBeamInfo ::=				SEQUENCE {
	ssb-Index							SSB-Index,
	measResultBeam						SEQUENCE {
		rsrpResultCell						RSRP-Range,
		rsrqResultCell						RSRQ-Range
	-- FFS whether to support RSRQ
	}																OPTIONAL,
	...
}


-- ASN1STOP

10.4	Inter-node RRC multiplicity and type constraint values
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