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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. Some of the main agreements are:
· 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 is suspended and resumed, specifically if it has bearers that were using NR PDCP before the suspension. A text proposal is also provided on how to resume with NR PDCP.  
Suspend / Resume in LTE Rel-13
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 but suspended 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 signaling 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 connected to 5GC and NR intend to support enhanced version of the suspend/resume functionality (known as RRC_INACTIVE).
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.
Impacts of using NR PDCP on SRB1
If the source eNB is NR capable, it is possible that SRB1 was configured with NR PDCP (even if the UE was not in EN-DC) prior to the UE being suspended. In this case it needs to be discussed how to handle the case when the UE resumes in the target eNB. The following solutions could be considered:
1. UE fallback to LTE PDCP: The UE always reverts to LTE PDCP configuration for SRB1 on resumption. 
2. UE keep the PDCP config: The UE will use the same PDCP version, be it LTE or NR, that was used before suspension.
3. Network configurable: The UE is configured by the network to use either solution 1 or 2 above.
Solution 1 requires not only change of UE behaviour (e.g. to convert from NR PDCP and NR algorithms to LTE PDCP and LTE algorithms) but also changes in the network as the source eNB must pass a modified UE context so that the UE context is understandable by the legacy target eNB (e.g. not include the NR PDCP configuration for SRB1). On top of that, SRB1 will end up using LTE PDCP, even in cases where the target was able to support NR PDCP. 
Solution 2 doesn’t require any changes in UE behaviour and the UE will resume SRB1 with the same PDCP version and security configuration as before suspension. In case the target eNB does not support NR PDCP, either the source eNB will not pass the UE context information to the target (as it knows target doesn’t support NR), or it can pass it on but the target will not understand it. In both cases the target would need to rely on the NAS recovery procedure.  
Solution 3 is to have the behaviour network configurable. For example, if the NR deployment is sparse and it is very likely that the UE will resume in a legacy eNB, then network can configure the UE to apply solution 1. On the other hand, if the NR deployment is dense enough and it is very likely that the UE will resume in an NR capable eNB (or UE has low mobility and likely to resume in a cell belonging to the same eNB), then network can configure the UE to apply solution 2.  
Out of the solutions above our preference is solution 2 where the UE keeps the PDCP configuration. Given that it is a network decision to use NR PDCP for SRB1, the network should be able to handle the case when not all eNBs are upgraded to support NR PDCP. The benefits with solution 2 is small specification impacts and the possibility for network to fully utilize NR PDCP when desired. Solution 3 seems unnecessary complex.
Considering the above, we propose:
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Handling of SRB2 and DRBs configured with NR PDCP
It is also possible to configure all RBs with NR PDCP via RRC connection reconfiguration. The changes required to this procedure was to add support for embedded NR RRC elements (e.g. radioBearerConfig). Currently the RRC resume message does not include such elements. The drawback with this is that all RBs configured with NR PDCP would need to be re-configured in the Resume procedure to use LTE PDCP. This may have impact on the specification text e.g. to remap the RBs to use LTE PDCP, and also has an impact on the end user performance since PDCP need to be re-established when the bearers are later re-configured to NR PDPC bearers. 
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Text proposal to 36.331
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[bookmark: _Toc487673103]5.3.3.4a	Reception of the RRCConnectionResume by the UE
The UE shall:
1>	stop timer T300; 
1>	restore the PDCP state and re-establish PDCP entities for SRB2 configured with PDCP entity and for all DRBs that are configured with pdcp-config;
1>	if drb-ContinueROHC is included:
2>	indicate to lower layers that stored UE AS context is used and that drb-ContinueROHC is configured;
2>	continue the header compression protocol context for the DRBs configured with the header compression protocol;
1>	else:
2>	indicate to lower layers that stored UE AS context is used;
2>	reset the header compression protocol context for the DRBs configured with the header compression protocol;
1>	 discard the stored UE AS context and resumeIdentity;
1>	perform the radio resource configuration procedure in accordance with the received radioResourceConfigDedicated and as specified in 5.3.10;
1>	resume SRB2, if configured with PDCP entity, and all DRBs that are configured with pdcp-config;
1>	if stored, discard the cell reselection priority information provided by the idleModeMobilityControlInfo or inherited from another RAT;
1>	if stored, discard the dedicated offset provided by the redirectedCarrierOffsetDedicated;
[bookmark: _GoBack]1>	if the RRCConnectionResume message includes the measConfig:
2>	perform the measurement configuration procedure as specified in 5.5.2;
1>	stop timer T302, if running;
1>	stop timer T303, if running;
1>	stop timer T305, if running;
1>	stop timer T306, if running; 
1>	stop timer T308, if running;
1>	perform the actions as specified in 5.3.3.7;
1>	stop timer T320, if running;
1>	stop timer T350, if running;
1>	perform the actions as specified in 5.6.12.4;
1>	stop timer T360, if running;
1>	stop timer T322, if running;
1>	update the KeNB key based on the KASME key to which the current KeNB is associated, using the nextHopChainingCount value indicated in the RRCConnectionResume message, as specified in TS 33.401 [32];
1>	store the nextHopChainingCount value;
1>	derive the KRRCint key associated with the previously configured integrity algorithm, as specified in TS 33.401 [32];
1> if the received RRCConnectionResume includes the sk-Counter:
2> perform key update procedure as specified in in TS 38.331 subclause 5.3.5.7;
1> if the received RRCConnectionResume includes the radioBearerConfig: 
2>	perform radio bearer configuration as specified in in TS 38.331 subclause 5.3.5.5;
1> if the received RRCConnectionResume includes the radioBearerConfigS:
2> perform radio bearer configuration as specified in in TS 38.331 subclause 5.3.5.5;

1>	request lower layers to verify the integrity protection of the RRCConnectionResume message, using the previously configured algorithm and the KRRCint key;
1>	if the integrity protection check of the RRCConnectionResume message fails:
2>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other', upon which the procedure ends;
1>	derive the KRRCenc key and the KUPenc key associated with the previously configured ciphering algorithm, as specified in TS 33.401 [32];
1>	configure lower layers to resume integrity protection using the previously configured algorithm and the KRRCint key immediately, i.e., integrity protection shall be applied to all subsequent messages received and sent by the UE;
1>	configure lower layers to resume ciphering and to apply the ciphering algorithm, the KRRCenc key and the KUPenc key, i.e. the ciphering configuration shall be applied to all subsequent messages received and sent by the UE;
1>	enter RRC_CONNECTED;
1>	indicate to upper layers that the suspended RRC connection has been resumed;
1>	stop the cell re-selection procedure;
1>	consider the current cell to be the PCell;
1>	set the content of RRCConnectionResumeComplete message as follows:
2>	set the selectedPLMN-Identity to the PLMN selected by upper layers (see TS 23.122 [11], TS 24.301 [35]) from the PLMN(s) included in the plmn-IdentityList in SystemInformationBlockType1;
2>	set the dedicatedInfoNAS to include the information received from upper layers;
2>	except for NB-IoT:
3>	if the UE has radio link failure or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:
4>	include rlf-InfoAvailable;
3>	if the UE has MBSFN logged measurements available for E-UTRA and if the RPLMN is included in plmn-IdentityList stored in VarLogMeasReport:
4>	include logMeasAvailableMBSFN;
3>	else if the UE has logged measurements available for E-UTRA and if the RPLMN is included in plmn-IdentityList stored in VarLogMeasReport:
4>	include logMeasAvailable;
3>	if the UE has connection establishment failure information available in VarConnEstFailReport and if the RPLMN is equal to plmn-Identity stored in VarConnEstFailReport:
4>	include connEstFailInfoAvailable;
3>	include the mobilityState and set it to the mobility state (as specified in TS 36.304 [4]) of the UE just prior to entering RRC_CONNECTED state;
3>	if the UE supports storage of mobility history information and the UE has mobility history information available in VarMobilityHistoryReport:
4>	include mobilityHistoryAvail;
1>	submit the RRCConnectionResumeComplete message to lower layers for transmission;
1>	the procedure ends.

============================== End Text Proposal ============================


============================== Begin Text Proposal ============================
[bookmark: _Toc487673454]6.2.2	Message definitions
–	RRCConnectionResume
The RRCConnectionResume message is used to resume the suspended RRC connection.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: E‑UTRAN to UE
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,
	rrcConnectionResume-v1430-IEs			RRCConnectionResume-v1430-IEs	OPTIONAL
}

RRCConnectionResume-v1430-IEs ::= SEQUENCE {
	otherConfig-r14				OtherConfig-r9				OPTIONAL,			-- Need ON
	rrcConnectionResume-v15x0nonCriticalExtension		SEQUENCE {}RRCConnectionResume-v15x0					OPTIONAL
}

RRCConnectionResume-r15x0-IEs ::=		SEQUENCE {
	sk-Counter							INTEGER (0.. 65535)				OPTIONAL,	-- Need ON
	radioBearerConfig-r15				OCTET STRING					OPTIONAL,
	radioBearerConfigS-r15				OCTET STRING					OPTIONAL,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

-- ASN1STOP


============================== End Text Proposal ============================

Conclusion
In this contribution, we discussed on how NR PDCP version can be preserved for SRBs and DRBs. We proposed:
Proposal 1	The UE shall keep the SRB1 configuration during resume (i.e. UE resumes SRB1 with the same PDCP version and security configuration that it was configured with before suspension).
Proposal 2	If SRB1 was configured with NR PDCP before suspension and target eNB doesn’t support NR PDCP, NAS recovery can be triggered.
Proposal 3	Similar to SRB1, we also propose to keep the NR PDCP configuration for other RBs on resume.
Proposal 4	The RRCConnectionResume message should include radioBearerConfig, radioBearerConfigS and sk-counter IEs,  to enable the resumption of RBs with NR PDCP.
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