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Introduction
The issue of bearer harmonization and its impact on connection (re)configuration has been discussed heavily in the previous RAN 2 meeting. Though some details are still pending, some major agreements have been made, which are summarized in Annex 1. Some of the main agreements are (highlighted in the Annex):
· MCG DRBs/SRBs can use either LTE or NR PDCP (configurable by the network)
· Split DRBs/SRBs always use NR PDCP
· EN-DC capable UE without EN-DC operation configured can be configured with NR PDCP version for SRBs and DRBs.
· Bearer (re)configurations include the PDCP part in a container separate from the lower layer configurations(s).

Additionally, there has been an email discussion regarding the definition of the RRC Connection Reconfiguration messages and procedures to reflect the bearer harmonization and other agreed upon aspects of connection setup [1].
In this contribution, we will discuss the impact of some of these agreements when a UE operating is suspended and resumed, specifically if it has bearers that were using NR PDCP before the suspension.  
[bookmark: _Ref178064866]Discussion
RRC suspend/resume 
The RRC suspend/resume functionality has been introduced in LTE rel-13. A suspended UE can be considered to be in an intermediate state between IDLE and CONNECTED, where the UE AS context is kept both at the UE and RAN, and the UE can be seen as if it is in connected mode from the CN point of view and in IDLE mode from the RAN point of view. The advantage of operating in this mode is reduced signalling towards the CN and faster transition to CONNECTED mode as compared to legacy IDLE-CONNECTED mode transitions, while maintaining the UE power saving advantages of IDLE mode. Both LTE rel-15 and NR intend to support enhanced version of the suspend/resume functionality (known as lightly connected UE in LTE and inactive mode in NR).
In LTE, when a suspended UE is resumed (in response to an UL data to be sent or a paging request for DL data), it sends an RRCConnectionResumeRequest message with a saved resumeIdentity. The eNB responds with an RRCConnectionResume message. The contents of the RRCConnectionResume message and the optional RadioResourceConfigDedicated IE included therein are:

RRCConnectionResume message
-- 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,
	nonCriticalExtension					SEQUENCE {}						OPTIONAL
}

-- ASN1STOP

RadioResourceConfigDedicated information element
-- ASN1START

RadioResourceConfigDedicated ::=		SEQUENCE {
	srb-ToAddModList					SRB-ToAddModList			OPTIONAL, 		-- Cond HO-Conn
	drb-ToAddModList					DRB-ToAddModList			OPTIONAL, 		-- Cond HO-toEUTRA
	drb-ToReleaseList					DRB-ToReleaseList			OPTIONAL, 		-- Need ON
	mac-MainConfig						CHOICE {
			explicitValue					MAC-MainConfig,
			defaultValue					NULL
	}		OPTIONAL,																-- Cond HO-toEUTRA2
	sps-Config							SPS-Config 					OPTIONAL,		-- Need ON
	physicalConfigDedicated				PhysicalConfigDedicated		OPTIONAL,		-- Need ON
	...,
	[[	rlf-TimersAndConstants-r9		RLF-TimersAndConstants-r9			OPTIONAL	-- Need ON
	]],
	[[	measSubframePatternPCell-r10	MeasSubframePatternPCell-r10		OPTIONAL	-- Need ON
	]],
	[[	neighCellsCRS-Info-r11			NeighCellsCRS-Info-r11				OPTIONAL	-- Need ON
	]],
	[[	naics-Info-r12				NAICS-AssistanceInfo-r12			OPTIONAL	-- Need ON
	]],
	[[	neighCellsCRS-Info-r13			NeighCellsCRS-Info-r13				OPTIONAL,	-- Cond CRSIM
		rlf-TimersAndConstants-r13		RLF-TimersAndConstants-r13			OPTIONAL	-- Need ON
	]],
	[[	sps-Config-v14xy				SPS-Config-v14xy					OPTIONAL	-- Need ON
	]]
}



SRB-ToAddMod ::=	SEQUENCE {
	srb-Identity						INTEGER (1..2),
	rlc-Config							CHOICE {
		explicitValue						RLC-Config,
		defaultValue						NULL
	}		OPTIONAL,																-- Cond Setup
	logicalChannelConfig				CHOICE {
		explicitValue						LogicalChannelConfig,
		defaultValue						NULL
	}		OPTIONAL,																-- Cond Setup
	...
}

DRB-ToAddMod ::=	SEQUENCE {
	eps-BearerIdentity					INTEGER (0..15)			OPTIONAL,		-- Cond DRB-Setup
	drb-Identity						DRB-Identity,
	pdcp-Config							PDCP-Config				OPTIONAL,		-- Cond PDCP
	rlc-Config							RLC-Config				OPTIONAL,		-- Cond SetupM
	logicalChannelIdentity				INTEGER (3..10)			OPTIONAL,		-- Cond DRB-SetupM
	logicalChannelConfig				LogicalChannelConfig	OPTIONAL,		-- Cond SetupM
	...,
	[[	drb-TypeChange-r12					ENUMERATED {toMCG}		OPTIONAL,		-- Need OP
		rlc-Config-v1250					RLC-Config-v1250		OPTIONAL		-- Need ON
	]],
	[[	rlc-Config-v1310					RLC-Config-v1310		OPTIONAL,		-- Need ON
		drb-TypeLWA-r13						BOOLEAN					OPTIONAL,		-- Need ON
		drb-TypeLWIP-r13					ENUMERATED {lwip, lwip-DL-only,
											 lwip-UL-only, eutran}		OPTIONAL		-- Need ON
	]],
	[[	rlc-Config-v14xy					RLC-Config-v14xy		OPTIONAL,		-- Need ON
		lwip-UL-Aggregation-r14				BOOLEAN					OPTIONAL,		-- Cond LWIP
		lwip-DL-Aggregation-r14				BOOLEAN					OPTIONAL,		-- Cond LWIP
		lwa-WLAN-AC-r14			ENUMERATED {ac-bk, ac-be, ac-vi, ac-vo}	OPTIONAL	-- Need OP
	]]
}


As can be seen above the DRB-ToAddMod IE that may be included in the RadioResourceConfigDedicated IE contains an LTE PDCP configuration for the bearers. 
Maintaining NR PDCP version upon resumption 
Assume that when the UE got suspended, some of the bearers have been using NR PDCP. This could be because the UE was operating in EN-DC mode or it could even have been in standalone LTE mode, as the RAN2 has already agreed to allow the configuration of NR PDCP without the UE being in EN-DC as long as it is NR capable.   When such a UE is resumed by receiving the RRCResume message depicted above, since the only PDCP configuration that is available is the LTE pdcp-config IE, any bearer that is being resumed will have to use LTE PDCP. Also, since no pdcp-config is included in the SRB-To-AddMod, the SRBs, had they been using NR PDCP before suspension, will not be resumed with NR PDCP.

[bookmark: _Toc494397652][bookmark: _Toc492831476][bookmark: _Toc492831660][bookmark: _Toc492832382][bookmark: _Toc492832405]Applying the RRCResume as is legacy LTE will result in the implicit conversion of the PDCP type of all suspended bearers in to LTE PDCP upon resumption. 

Thus, an additional reconfiguration is required to change the PDCP back to NR PDCP. This will result in unnecessary interruption due to the PDCP/RLC re-establishments and possibly RLC/MAC reset that may be required for converting the PDCP version from LTE back to NR. Also, one of the advantages of using NR PDCP even for standalone LTE was the possibility to set up the termination point of the concerned bearer either at the MN or SN (transparently to the UE), so that future transitions to EN-DC can be performed without additional CN signalling. With the conversion of all the bearers back to LTE PDCP, the termination points of these bearers on the network side have to be changed to the MN (if it was not there to begin with), thereby causing unnecessary CN signalling. 
These drawbacks can easily be avoided by including NR PDCP configurations in the RRCResume message that will enable a one-step resumption in NR PDCP mode, when required. This is also in line with the changes that are being proposed in the RRCConnectionReconfiguration messages for LTE rel-15, where NR PDCP configuration can be indicated in the bearer configurations during connection setup/reconfigurations [2]. 

[bookmark: _Toc492832384][bookmark: _Toc492832408][bookmark: _Toc494397656][bookmark: _Toc494410881][bookmark: _Toc492831478][bookmark: _Toc492831655][bookmark: _Toc494413635]The RRCResume message to include an optional NR PDCP configuration to enable one step configuration of bearers with NR PDCP upon resumption. 
[bookmark: _Toc494397657][bookmark: _Toc494410882][bookmark: _Toc494413636]The same information elements/containers that are used in the RRCConnectionRecconfiguration message to configure bearers with NR PDCP to be reused in the RRCResume message to enable resumption with NR PDCP


Maintaining EN-DC upon resumption 

Consider the case that the UE was operating in EN-DC mode just before suspension. We assume a basic suspension/resumption following legacy LTE DC to be as below:
· The UE is directly ordered to suspended state. The UE will keep the existing bearer configuration but all DRBs would be suspended (as specified in TS 36.331 section 5.3.12) 
· During resumption of the connection, the UE releases SCG configuration (except for the DRB configuration) as per section 5.3.3.2 of TS 36.331.
· When UE resumes, the target node will re-configure all DRBs to become “normal” non DC DRBs (by using the radioResourceConfigDedicated IE in the RRCConnectionResume message) (as specified in TS 36.331 section 5.3.3.4a)

Alternatively, the source eNB could also release SCG and reconfigure all SCG bearers as MCG bearers before the UE is suspended. 
Though these are rather straightforward solutions that could be realized without additional specification work (i.e. they are already supported in LTE), they are very inefficient, especially in the case when the UE has been inactive only for a short duration and in scenarios where active<->inactive transitions happen frequently (which is not that uncommon). This is because the network might soon decide to put the UE in EN-DC mode, and the bearer modifications made upon resume were done in vain. Note that the bearer modifications are expensive because they involve not only radio signalling but also signalling via S1 as E-RAB modification indication has to be sent to the CN to indicate the new DL address of the bearer (as specified in TS 36.413). See the figure in Annex 2 for illustration of the different signalling involved in the different procedures. In the depicted scenario, the UE resumes to the same eNB as it was suspended. Note that E-RAB modification and release procedure involves additional signalling not shown in the figure (e.g. between MME to SGW).
Thus, given the anticipated high frequency of inactive to active state transitions, it would be beneficial to optimize this procedure to prevent such unnecessary re-configurations.

[bookmark: _Toc490252037][bookmark: _Toc492831477][bookmark: _Toc492831661][bookmark: _Toc492832383][bookmark: _Toc492832406][bookmark: _Toc494397653]It would be beneficial to keep EN-DC configuration during RRC suspend/resume procedure to avoid unnecessary release/reconfigurations and CN signalling.

In the RAN2 #99 meeting, the issue of resuming in EN-DC mode was discussed and it was agreed: 
For MR-DC and NR-DC we will not support that the UE can resume the DC configuration after the UE returns from suspended/inactive in Rel-15.
This agreement was made under the assumption that this is an optimization and we can keep using the legacy LTE RRCResume procedure/message.  
SA2 has recently identified the issue of the release and reconfiguration of dual connectivity during active<->inactive transitions in NR as a problem to be solved, and has written an LS to RAN2/RAN3 specifically asking [3]:
SA2 requests RAN2 and RAN3 to study and provide specification for the signalling between the Secondary RAN node and Master RAN node if dual connectivity has been established for the UE for which there is at least one N3 tunnel termination to the Secondary RAN node for at least one 5G QoS Flow. 
Even though, the SA2 request is discussed in relation to NE-DC or NR-NR DC cases, the considered problem is the same in the case of EN-DC.
Also, as we have discussed in Section 2.2, the RRCResume message has to be enhanced anyways to enable the resumption of bearers with NR PDCP. Thus, it will be natural to introduce one-step resumption of EN-DC as well, as all that is needed is the inclusion of the SCG lower layer configuration in the RRCResume message
[bookmark: _Toc492831479][bookmark: _Toc492831656][bookmark: _Toc492832385][bookmark: _Toc492832409][bookmark: _Toc494397658][bookmark: _Toc494410883][bookmark: _Toc494413637]The RRCResume message to include optional SCG lower layer configurations to enable one-step resumption of EN-DC.
It is up to the network to decide whether to restore the EN-DC upon resumption or not (e.g. network can decide to not restore EN-DC if the UE is resumed in a different eNB/cell than the one where it got suspended).
The RRCConnectionReconfiguration message/procedure for supporting EN-DC with harmonized bearers is still being discussed. Once this is finalized, the same information elements/containers can be reused in the RRCResume message to make it possible to resume with NR PDCP configuration and even resume in EN-DC.
[bookmark: _Toc494397659][bookmark: _Toc494410884][bookmark: _Toc494413638]The same information elements/containers that are used in the RRCConnectionRecconfiguration message to configure EN-DC to be reused in the RRCResume message to enable resumption with EN-DC.

Conclusion
In this contribution, the impacts of the recent agreements on bearer harmonization and connection (re)configuration for EN-DC on RRC suspension/resumption have been discussed.   Based on the discussion, we have made the following observations:
Observation 1	Applying the RRCResume as is legacy LTE will result in the implicit conversion of the PDCP type of all suspended bearers in to LTE PDCP upon resumption.
Observation 2	It would be beneficial to keep EN-DC configuration during RRC suspend/resume procedure to avoid unnecessary release/reconfigurations and CN signalling.

And we propose the following:
[bookmark: _GoBack]Proposal 1	The RRCResume message to include an optional NR PDCP configuration to enable one step configuration of bearers with NR PDCP upon resumption.
Proposal 2	The same information elements/containers that are used in the RRCConnectionRecconfiguration message to configure bearers with NR PDCP to be reused in the RRCResume message to enable resumption with NR PDCP
Proposal 3	The RRCResume message to include optional SCG lower layer configurations to enable one-step resumption of EN-DC.
Proposal 4	The same information elements/containers that are used in the RRCConnectionRecconfiguration message to configure EN-DC to be reused in the RRCResume message to enable resumption with EN-DC.


[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]R2-1711532, Summary of email discussion #30 for RRCConnectionReconfiguration, Ericsson (Rapporteur), RAN2 #99bis, Prague, Czech Republic, October 2017.
R2-1711533, LTE and NR text proposal for RRCConnectionReconfiguration, Ericsson, RAN2 #99bis, Prague, Czech Republic, October 2017.
S2-176158, LS on coexistence between RRC inactive and dual connectivity, SA WG2 #122bis, August 2017, Sophia Antipolis, France
Annex 1: Agreement history
RAN2 AH#2 (Qingdao):

Agreements
1	The same PDCP protocol specification is used for DRBs for MCG split bearer, SCG split bearer and SCG bearer.
2	This PDCP protocol is specified in 38.323 (NR PDCP).
FFS: When EN-DC is configured, whether the MCG bearer only uses one PDCP type or the MCG bearer can use either LTE PDCP or NR PDCP up to the NW decision. Bearer type changes to be supported also need to be considered.
3	For bearers configured with NR PDCP the network configures the UE with which key (from a set of possible keys) to use. FFS the maximum number of possible keys in the set . Ask SA3 for the number of keys to be supported and to define the key derivation? Detailed wording of LS, including sufficient background info, can be worked offline.
4	The location of the PDCP entity is decided by the MN

Agreements
1:	NR PDCP configuration is contained in separate NR container different from the NR container for other NR configurations
2:	If the anchor is in the MN, NR PDCP config is generated by MN itself. If the anchor is in SN, the SN should generate NR PDCP config and send it to MCG as separate container.
3:	In EN-DC, LTE RRC message contains:
-	SCG bearer: NR PDCP container + NR configuration container on NR RLC, MAC and physical layers;
-	Split bearer: NR PDCP container + LTE configurations on RLC, MAC and physical layers + NR configuration container on NR RLC, MAC and physical layers, etc;
-	NR PDCP config carried in the container is an IE.
-	SCG RLC/MAC/Phy/etc config carried on the container is an NR RRC PDU.

Agreements:
1	Include PDCP config also in NR RRC PDU from the SN 
2: 	Assume DRBid is used for the linking between PDCP config and lower layer comfiguration.


RAN2 #99 (Berlin):

Agreements for EN-DC 
1:	Working assumption of the last meeting is confirmed as an agreement: For MCG bearer, either LTE or NR PDCP can be used, configurable by the network.
1a	EN-DC capable UE without EN-DC operation configured can be configured with NR PDCP version for SRBs and DRBs.
2: 	NR-PDCP is used for ‘MCG split or duplicate SRB’. 
3:	Non split SRB1 and 2 can be transmitted over either LTE-PDCP or NR-PDCP, which is configurable by network (at least after initial connection establishment). 
FFS whether SRB1 and SRB2 need to be configured with the same PDCP type (to be concluded in stage 3).
4: 	LTE-PDCP is used for SRB1 at the initial connection establishment from idle state. (I.e. no additional optimization to support NR-PDCP for SRB1 for idle to connected state transition)
5:	The PDCP version change (release of old PDCP and establish of new PDCP) of SRBs can be supported via:
	i/  handover procedure (reconfiguration with mobility); and 
	ii/ reconfiguration without mobilityControlInfo (when network implementation is sure there is no UL data in buffer). No user plane actions beyond release and establish of PDCP are to be specified for this case.
6	EN-DC operation should support a single reconfiguration procedure for bearer type change between MCG to/from split bearer and MCG to/from SCG bearer, when MCG bearer is configured with NR PDCP (before and after the bearer type change).
7	EN-DC operation where MCG bearer is configured with LTE PDCP, then direct bearer type change of such MCG bearer to split bearer or SCG bearer is performed is FFS.

Agreements:
1	NR RRC signalling should clearly distinguish UE-, cell-group- and serving-cell- specific parameters: Parameters for each serving-cell cell are collected in an IE and one or more such IEs are present in the IE containing the Cell-Group specific configuration (as depicted in Figure 5 of R2-1708036).
2	Use SRB-ToAddModList, DRB-ToAddModList and DRB-ToReleaseList to maintain the PDCP-configuration and SDAP-configuration per radio bearer and include the radio bearer related configuration into a RadioBearerConfig (see Figure 6 of R2-1708036).
3	Use LCH-ToAddModList and LCH-ToReleaseList inside the NR cell-group configuration IE to associate logical channels and their RLC entities with radio bearers (PDCP entities) (see Figure 6 of R2-1708036). 
FFS1 to a) re-use the current LTE structure where the LCH- and RLC- configurations for the LTE MCG are inside the DRB-ToAddModList; associate the NR-SCG cell-group configuration with that list (Figure 7); or b) adopt the newly agreed NR structure where the LCH- and RLC configuration is part of the cell group configuration (Figure 6) also for the LTE ASN.1. (Intention is to consider the examples of ASN.1 structure provided by Ericsson to help make a decision)
FFS2 whether … a) the PDCP-Config and SDAP-Config for each DRB are in a separate container; or b) the PDCP-Config and SDAP-Config of all MCG DRBs are in one container and the PDCP-Config and SDAP-Config of all SCG DRBs are in another container; or c) the PDCP-Config and SDAP-Config of all DRBs are in a common container
4	For EN-DC, the “NR RRC PDU” containing the NR “SCG RLC/MAC/Phy config” should be the NR RRCConnectionReconfiguration message.
5	For EN-DC, the SgNB may include the PDCP-config in the “NR RRC PDU from the SN” only when it changes the PDCP configuration of one of its SCG(-Split) DRBs using the direct SCG-SRB.
FFS3: For NR-NR DC, whether the SCG configuration should … a) be conveyed as full RRC message (see Figure 8)? If so, do you think that it should be the NR RRCConnectionReconfiguration (i.e., embedding an NR RRCConnectionReconfiguration message into another NR RRCConnectionReconfiguration message); or b) be embedded directly, i.e., a container and/or a message is not necessary for this case (like Figure 9)
6	For NE-DC, the NR pdcp-Config DC should follow the principle agreed for EN-DC, i.e., pdcp-Config is separated from the lower layer configuration. The pdcp-Config field in the LTE SCG-Configuration is omitted.
FFS4 For NE-DC whether … a) The LTE SCG configuration should be conveyed as LTE RRCConnectionReconfiguration message inside a container in the NR RRCConnectionReconfiguration, or b) The LTE SCG configuration should be conveyed as an IE inside the NR RRCConnectionReconfiguration

Agreements
-	For LTE lower layers (RLC, LCH), reuse LTE DRB-AddModd structure
-	For bearers using NR PDCP, aim to capture UE behaviour in NR specification
-	Bearer structure is following for bearers using NR PDCP:
-	We will introduce a new RadioBearerConfig IE in NR spec which is covering all bearers using NR PDCP
-	MeNB is still deciding DRB ID but this is signalled to the SeNB and used as ”anchor point” to link lower layers and higher layers
FFS details of security parameters
-	Bearer handling is captured in NR specification.

Working assumption: there are 2 transparent containers including radio bearer configuration lists (including PDCP-ConfigNR, DRB ID, EPS ID per bearer). 
Annex 2: Signalling overhead of releasing and setting up EN-DC upon resumption
Release SCG
UE
MN
SN
RRCConnectionReconfiguration 
(release SCG, reconf. SCG->MCG)
RRCConnectionReconfigurationComplete
RRCConnectionResume
MME
RRCConnectionResumeRequest
RACH (Msg1)
RRCConnectionReconfiguration 
(add SCG, reconf. MCG->SCG)
RRCConnectionReconfigurationComplete
SeNB release request
E-RAB modification indication
UE Context Suspend req.
RRCConnectionRelease
E-RAB modification confirm
UE Context Suspend resp.
UE Context Resume req
UE Context Resume resp.
E-RAB modification indication
E-RAB modification confirm
RACH (Msg1)
SeNB add request
SeNB add response
RRCConnectionResumeComplete
Suspend/Resume UE
Add SCG
E-RAB release indication
RA response (Msg 2)
Measurement report
RA response (Msg 2)

	1/8	
