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Introduction
[bookmark: _Hlk513657944]The Rel-16 WI LTE and NR Carrier aggregation and dual connectivity enhancements include the following objective [1]:
3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode

This contribution discusses this objective, specifically addressing the issue of low latency SCG configuration/setup during the resumption of an INACTIVE or suspended connection in NR or LTE.
[bookmark: _Ref178064866]Discussion
In rel-15 NR specifications, the UE stores the SCG configurations in its UE Inactive AS context on suspension, as capture in RRCRelease procedure (as captured in R2-1902744, agreed CR in RAN2#105):

	[bookmark: _Toc535261226]5.3.8.3	Reception of the RRCRelease by the UE
The UE shall:
<<skipped part>>
1>	if the RRCRelease includes suspendConfig:
2>	apply the received suspendConfig;
2>	reset MAC and release the default MAC Cell Group configuration, if any;
2>	re-establish RLC entities for SRB1;
2>	if the RRCRelease message with suspendConfig was received in response to an RRCResumeRequest or an RRCResumeRequest1:
<<skipped parts>>
2>	else:
3>	store in the UE Inactive AS Context the configured suspendConfig, the current KgNB and KRRCint keys, the ROHC state, the C-RNTI used in the source PCell, the cellIdentity and the physical cell identity of the source PCell, and all other parameters configured except with ReconfigurationWithSync;



Similarly, in LTE, the UE stores the SCG configuration in its UE AS Context or UE Inactive AS Context when the RRC Connection is suspended or the UE enter RRC_INACTIVE respectively:

	[bookmark: _Toc535571229]5.3.12	UE actions upon leaving RRC_CONNECTED or RRC_INACTIVE
Upon leaving RRC_CONNECTED or RRC_INACTIVE, the UE shall:
<<skipped parts>>
1>	if leaving RRC_CONNECTED was triggered by suspension of the RRC:
2>	re-establish RLC entities for all SRBs and DRBs, including RBs configured with NR PDCP;
2>	store the UE AS Context including the current RRC configuration, the current security context, the PDCP state including ROHC state, C-RNTI used in the source PCell, the cellIdentity and the physical cell identity of the source PCell;




	5.3.8.7	UE actions upon entering RRC_INACTIVE
Upon entering RRC_INACTIVE, the UE shall:
<<skipped parts>>
1>	if the RRCConnectionRelease message was received in response to an RRCConnectionResumeRequest:
<<skipped parts>>
1>	else:
2>	in the UE Inactive AS Context, store the configured rrc-InactiveConfig, the current KeNB and KRRCint keys, the ROHC state, the C-RNTI used in the source PCell, the cellIdentity and the physical cell identity of the source PCell, and all other parameters configured;



[bookmark: _Toc535586897][bookmark: _Toc536795245][bookmark: _Toc298797][bookmark: _Toc300187][bookmark: _Toc867161][bookmark: _Toc867234][bookmark: _Toc867236][bookmark: _Toc4530805][bookmark: _Toc4535178][bookmark: _Toc4535349][bookmark: _Toc4535560][bookmark: _Toc4535594][bookmark: _Toc4706324][bookmark: _Toc7523961][bookmark: _Toc7524039]A UE that was configured with an SCG configuration and/or SN terminated bearers, upon suspension to RRC_INACTIVE or suspended RRC connection, will store and maintain these configurations while it remains in RRC_INACTIVE or suspended RRC connection

However, the SCG configurations are released upon the initiation of the RRC resume procedure (i.e. before sending the RRCResume or RRCConnectionResume message), as captured in the late drop 38.331 and 36.331 running CRs:

	[bookmark: _Toc535261240]5.3.13.2	Initiation
The UE initiates the procedure when upper layers or AS (when responding to RAN paging or upon triggering RNA updates while the UE is in RRC_INACTIVE) requests the resume of a suspended RRC connection.
The UE shall ensure having valid and up to date essential system information as specified in clause 5.2.2.2 before initiating this procedure.
Upon initiation of the procedure, the UE shall:
<<skipped parts>> 
1>	if the UE is in NE-DC or NR-DC:
2>	perform MR-DC release, as specified in clause 5.3.5.10;




	[bookmark: _Toc535571132]5.3.3.2	Initiation
The UE initiates the procedure when upper layers request establishment or resume of an RRC connection while the UE is in RRC_IDLE or when upper layers request resume of an RRC connection or RRC layer requests resume of an RRC connection for, e.g. RNAU or reception of RAN paging while the UE is in RRC_INACTIVE.
<<skipped parts>>
Except for NB-IoT, upon initiating the procedure, if connected to EPC or 5GC, the UE shall:
1>	if the UE is resuming an RRC connection from a suspended RRC connection or from RRC_INACTIVE:
2>	if the UE was configured with (NG)EN-DC:
3>	perform MR-DC release, as specified in TS 38.331 [82], clause 5.3.5.10;



[bookmark: _Toc4530806][bookmark: _Toc4535179][bookmark: _Toc4535350][bookmark: _Toc4535561][bookmark: _Toc4535595][bookmark: _Toc4706325][bookmark: _Toc7523962][bookmark: _Toc7524040]Upon the initiation of the RRC Resume procedure in LTE and NR, the UE releases the SCG configuration.

The ASN.1 structure of the RRCResume message (taken from the late drop running CR) is shown below:


RRCResume ::=                       SEQUENCE {
    rrc-TransactionIdentifier           RRC-TransactionIdentifier,
    criticalExtensions                  CHOICE {
        rrcResume                           RRCResume-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

RRCResume-IEs ::=                   SEQUENCE {
    radioBearerConfig              RadioBearerConfig 						OPTIONAL, -- Need M
    masterCellGroup                OCTET STRING (CONTAINING CellGroupConfig)OPTIONAL, -- Need M
    measConfig                     MeasConfig								OPTIONAL, -- Need M
    fullConfig                     ENUMERATED {true}						OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING    					OPTIONAL,
    nonCriticalExtension                RRCResume-v15xy-IEs 		OPTIONAL
}

RRCResume-v15xy-IEs ::=             SEQUENCE {
    radioBearerConfig2            OCTET STRING (CONTAINING RadioBearerConfig) OPTIONAL, -- Need M
    sk-Counter                    SK-Counter					OPTIONAL, -- Cond S-KeyChange
    nonCriticalExtension          SEQUENCE{}					OPTIONAL
}

As can be seen above, it is not possible to configure SCG in the RRCResume message.
Similarly, the Rel-15 LTE RRCConnectionResume message does not contain any SCG configurations:

-- ASN1START

RRCConnectionResume-r13 ::=		SEQUENCE {
	rrc-TransactionIdentifier		RRC-TransactionIdentifier,
	criticalExtensions				CHOICE {
		c1								CHOICE {
			rrcConnectionResume-r13			RRCConnectionResume-r13-IEs,
			spare3							NULL,
			spare2							NULL,
			spare1							NULL
		},
		criticalExtensionsFuture		SEQUENCE {}
	}
}

RRCConnectionResume-r13-IEs ::=		SEQUENCE {
	radioResourceConfigDedicated-r13		RadioResourceConfigDedicated	OPTIONAL,	-- Need ON
	nextHopChainingCount-r13				NextHopChainingCount,
	measConfig-r13							MeasConfig						OPTIONAL,	-- Need ON
	antennaInfoDedicatedPCell-r13			AntennaInfoDedicated-v10i0		OPTIONAL,	-- Need ON
	drb-ContinueROHC-r13					ENUMERATED {true}				OPTIONAL,	-- Need OP
	lateNonCriticalExtension				OCTET STRING					OPTIONAL,
	rrcConnectionResume-v1430-IEs			RRCConnectionResume-v1430-IEs	OPTIONAL
}

RRCConnectionResume-v1430-IEs ::= SEQUENCE {
	otherConfig-r14						OtherConfig-r9					OPTIONAL,		-- Need ON
	rrcConnectionResume-v1510-IEs		RRCConnectionResume-v1510-IEs	OPTIONAL
}

RRCConnectionResume-v1510-IEs ::= SEQUENCE {
	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
	nonCriticalExtension				RRCConnectionResume-v1530-IEs	OPTIONAL
}

RRCConnectionResume-v1530-IEs ::= SEQUENCE {
	fullConfig-r15						ENUMERATED {true}				OPTIONAL,	-- Need ON
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

-- ASN1STOP

[bookmark: _Toc4530807][bookmark: _Toc4535180][bookmark: _Toc4535351][bookmark: _Toc4535562][bookmark: _Toc4535596][bookmark: _Toc4706326][bookmark: _Toc7523963][bookmark: _Toc7524041]In NR and LTE Rel-15, it is not possible to configure MR-DC via Resume procedure.

However, there are scenarios where it is beneficial to be able to configure a UE with SCG already in RRC Resume. For instance, consider a stationary UE that has frequent, intermittent traffic, e.g. web browsing or small video streaming. In between the active periods, the network may release the UE to RRC_INACTIVE or RRC_IDLE with suspended RRC connection (in case of EN-DC) due to inactivity timer expiry. However, current specification mandates that the UE always is resumed in single connectivity mode and SCG can be configured only after that via a subsequent RRC Reconfiguration. 
[bookmark: _Toc535586899][bookmark: _Toc536795247][bookmark: _Toc298798][bookmark: _Toc300188][bookmark: _Toc867162][bookmark: _Toc867235][bookmark: _Toc867237][bookmark: _Toc4530808][bookmark: _Toc4535181][bookmark: _Toc4535352][bookmark: _Toc4535563][bookmark: _Toc4535597][bookmark: _Toc4706327][bookmark: _Toc7523964][bookmark: _Toc7524042]If the UE has frequent transitions between suspended RRC connection or RRC_INACTIVE and RRC_CONNECTED, the network would have to wait for the UE to enter RRC_CONNECTED every time in order to take advantage of MR-DC capacity.
For the stationary UE, it is very likely that the stored SCG configuration is still applicable on resumption and it would have been beneficial, both from signalling overhead reduction, as well as the early usage of MR-DC, to resume the stored SCG configuration, without the need for an additional RRC Reconfiguration message. Depending on the traffic pattern/volume and the time it takes to setup MR-DC from scratch after resumption, there may be situations that by the time the MR-DC setup is finished, maybe the data transmission for that active period has already finished and the UE will be transitioned to RRC_INACTIVE or suspended RRC connection again, without taking advantage of the full MR-DC capacity.
[bookmark: _Toc4530809][bookmark: _Toc4535182][bookmark: _Toc4535353][bookmark: _Toc4535564][bookmark: _Toc4535598][bookmark: _Toc4706328][bookmark: _Toc7523965][bookmark: _Toc7524043]Enabling the resumption of a stored SCG during RRC_INACTIVE or suspended RRC connection to RRC_CONNECTED transition enables the timely utilization of MR-DC and reduces the signalling overhead (e.g. for a stationary UE).
For non-stationary UEs, one may argue that the SCG configuration will not be valid when the UE resumes. In these cases, it would be beneficial to not resume the SCG or at least be able to change/reconfigure the SCG. The decision to do so can be left up to network implementation, and so is the case even in connection setup, where the network is allowed to blindly setup MR-DC during the first reconfiguration after security is activated. Also, currently, in the same WI, we are discussing the configuration of measurements during idle/inactive modes and the reporting of them during connection establishment/resumption.  Thus, this can enable the network to make a more informed decision than just a blind setup.
Considering all the above observations, we propose:

[bookmark: _Toc4530812][bookmark: _Toc4535183][bookmark: _Toc4535354][bookmark: _Toc4706329][bookmark: _Toc4713339][bookmark: _Toc7523966][bookmark: _Toc7524044][bookmark: _Toc7524050][bookmark: _Toc298800][bookmark: _Toc300190][bookmark: _Toc867159][bookmark: _Toc867239]In LTE and NR rel-16, the UE maintains the stored SCG configuration during the initiation of the resume procedure.
[bookmark: _Toc4530813][bookmark: _Toc4535184][bookmark: _Toc4535355][bookmark: _Toc4706330][bookmark: _Toc4713340][bookmark: _Toc7523967][bookmark: _Toc7524045][bookmark: _Toc7524051]In LTE and NR rel-16, the RRCConnectionResume/RRCResume message includes an optional SCG configuration.
[bookmark: _Toc4530814][bookmark: _Toc4535185][bookmark: _Toc4535356][bookmark: _Toc4706331][bookmark: _Toc4713341][bookmark: _Toc7523968][bookmark: _Toc7524046][bookmark: _Toc7524052]In LTE and NR rel-16, the RRCConnectionResume/RRCResume message may could include an indication to keep/release MR-DC.
[bookmark: _Toc4530815][bookmark: _Toc4535186][bookmark: _Toc4535357][bookmark: _Toc4706332][bookmark: _Toc4713342][bookmark: _Toc7523969][bookmark: _Toc7524047][bookmark: _Toc7524053]In LTE and NR rel-16, if the received RRCConnectionResume/RRCResume message does not contain an SCG configuration nor an indication to release MR-DC, the UE restores the stored SCG configuration and resumes SCG transmission.
[bookmark: _Toc4530816][bookmark: _Toc4535187][bookmark: _Toc4535358][bookmark: _Toc4706333][bookmark: _Toc4713343][bookmark: _Toc7523970][bookmark: _Toc7524048][bookmark: _Toc7524054]In LTE and NR rel-16, if the received RRCConnectionResume/RRCResume message contains a release indication of MR-DC, the UE releases the stored SCG configuration. If an SCG configuration is also included, the UE applies the SCG configuration and resumes SCG transmission.

[bookmark: _Toc4530817][bookmark: _Toc4535188][bookmark: _Toc4535359][bookmark: _Toc4706334][bookmark: _Toc4713344][bookmark: _Toc7523971][bookmark: _Toc7524049][bookmark: _Toc7524055]In LTE and NR rel-16, if the received RRCConnectionResume/RRCResume message contains an SCG configuration but no indication to release MR-DC, the UE applies the SCG configuration on top of the stored SCG configuration (i.e. delta configuration) and resumes SCG transmission.

[bookmark: _Toc535586901][bookmark: _Toc536795249]We have provided draft CRs showing the implementation of configuration of SCG in RRCConnectionResume [2] and RRCResume [3].
Conclusion
In section 2 we made the following observations:
Observation 1	A UE that was configured with an SCG configuration and/or SN terminated bearers, upon suspension to RRC_INACTIVE or suspended RRC connection, will store and maintain these configurations while it remains in RRC_INACTIVE or suspended RRC connection
Observation 2	Upon the initiation of the RRC Resume procedure in LTE and NR, the UE releases the SCG configuration.
Observation 3	In NR and LTE Rel-15, it is not possible to configure MR-DC via Resume procedure.
Observation 4	If the UE has frequent transitions between suspended RRC connection or RRC_INACTIVE and RRC_CONNECTED, the network would have to wait for the UE to enter RRC_CONNECTED every time in order to take advantage of MR-DC capacity.
Observation 5	Enabling the resumption of a stored SCG during RRC_INACTIVE or suspended RRC connection to RRC_CONNECTED transition enables the timely utilization of MR-DC and reduces the signalling overhead (e.g. for a stationary UE).

Based on the discussion in section 2 we propose the following:
Proposal 1	In LTE and NR rel-16, the UE maintains the stored SCG configuration during the initiation of the resume procedure.
Proposal 2	In LTE and NR rel-16, the RRCConnectionResume/RRCResume message includes an optional SCG configuration.
Proposal 3	In LTE and NR rel-16, the RRCConnectionResume/RRCResume message may could include an indication to keep/release MR-DC.
Proposal 4	In LTE and NR rel-16, if the received RRCConnectionResume/RRCResume message does not contain an SCG configuration nor an indication to release MR-DC, the UE restores the stored SCG configuration and resumes SCG transmission.
Proposal 5	In LTE and NR rel-16, if the received RRCConnectionResume/RRCResume message contains a release indication of MR-DC, the UE releases the stored SCG configuration. If an SCG configuration is also included, the UE applies the SCG configuration and resumes SCG transmission.
Proposal 6	In LTE and NR rel-16, if the received RRCConnectionResume/RRCResume message contains an SCG configuration but no indication to release MR-DC, the UE applies the SCG configuration on top of the stored SCG configuration (i.e. delta configuration) and resumes SCG transmission.
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