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Introduction
In LTE Rel-15 WI HRLLC, the concept of CA duplication was introduced, where a single PDCP entity could be associated to two RLC entities in order to duplicate PDCP PDU via two carriers (e.g. the PCell and one SCell).
In parallel, the work on NR and EN-DC progressed which allowed the eNB to employ the NR PDCP even when connecting to EPC and enabled both CA and DC duplication (i.e. via two RLC entities in the same MAC, or via two RLC entities in two separate MACs).
However, since the HRLLC feature happened in parallel with the NR work, the E-UTRA CA duplication did not extend to using NR PDCP, but is limited to E-UTRA PDCP.
This contribution discusses how to enable CA duplication in the MCG in EN-DC when using NR PDCP.
[bookmark: _Ref525834269]Discussion
In TS 36.300, CA duplication is defined as:

PDCP packet duplication is configured for a RB by RRC where two logical channels are configured for the RB. The two logical channels can either belong to the same MAC entity (referred to as CA duplication) or different MAC entities (referred to as DC duplication). When activated, PDCP packet duplication allows sending the same PDCP PDU on two independent transmission paths: via the primary RLC entity and a secondary RLC entity, thus increasing reliability and reducing latency.
PDCP packet duplication is supported in the following cases:
-	for SRBs using RLC AM;
-	for DRBs using RLC UM or AM.
For DRBs, duplication can be activated and deactivated by a MAC CE. In addition, for DRBs, PDCP packet duplication can be activated upon configuration by RRC signalling. For SRBs, once duplication is configured, it is always activated.


However, in the procedures of TS 36.331, the PDCP duplication is limited to only E-UTRA PDCP:
4>	if rlc-BearerConfigSecondary is included with value setup;
5>	if the current DRB configuration does not include a secondary RLC bearer:
6>	establish a secondary MCG RLC entity or entities and an associated DTCH logical channel in accordance with the received rlc-BearerConfigSecondary and associate these with the E-UTRA PDCP entity with the same value of srb-Identity within the current UE configuration;

[bookmark: _Toc23946560][bookmark: _Toc23947998][bookmark: _Toc23967218][bookmark: _Toc24013308][bookmark: _Toc24020737][bookmark: _Toc24035733]PDCP CA duplication in EN-DC in the MCG is only possible when using E-UTRA PDCP
Thus, if a UE is configured with EN-DC with an MCG bearer configured with NR PDCP, the network would have to reconfigure to E-UTRA PDCP before it can enable PDCP duplication.
[bookmark: _Toc23946561][bookmark: _Toc23947999][bookmark: _Toc23967219][bookmark: _Toc24013309][bookmark: _Toc24020738][bookmark: _Toc24035734]If the UE is configured with NR PDCP in EN-DC, the network has to reconfigure to E-UTRA PDCP before it can enable PDCP CA duplication.
Since NR PDCP already supports CA duplication in NR by configuring the moreThanOneRLC in the NR PDCP config, the only thing needed in LTE specification would be to establish the secondary RLC bearer and associate it to the NR PDCP entity already configured by nr-RadioBearerConfig1/ nr-RadioBearerConfig2.
Since the UE can be configured with NR PDCP for the E-UTRA MCG even before the SCG is configured, PDCP CA duplication should be possible to configure with NR PDCP even when connected to E-UTRA in single connectivity.
[bookmark: _Toc23946562][bookmark: _Toc23948000][bookmark: _Toc23967215][bookmark: _Toc24013310][bookmark: _Toc24020739][bookmark: _Toc24035735]PDCP CA duplication can be configured and activated for the MCG in E-UTRA and EN-DC when NR PDCP is used
A new UE capability bit is introduced to indicate support of PDCP CA duplication using NR PDCP in E-UTRA
[bookmark: _Toc23948001][bookmark: _Toc23967216][bookmark: _Toc24013311][bookmark: _Toc24020740][bookmark: _Toc24035736]Introduce a new capability bit for the support of PDCP CA duplication with NR PDCP in E-UTRA and EN-DC
Text proposals to capture this in TS 36.331, TS.36.306 and TS 37.340 are shown in section 4.
Conclusion
In section 2 we made the following observations:
Observation 1	PDCP CA duplication in EN-DC in the MCG is only possible when using E-UTRA PDCP
Observation 2	If the UE is configured with NR PDCP in EN-DC, the network has to reconfigure to E-UTRA PDCP before it can enable PDCP CA duplication.

Based on the discussion in section 2 we propose the following:
Proposal 1	PDCP CA duplication can be configured and activated for the MCG in E-UTRA and EN-DC when NR PDCP is used
Proposal 2	Introduce a new capability bit for the support of PDCP CA duplication with NR PDCP in E-UTRA and EN-DC



Text proposals

4.1 Text proposal to 36.331
START OF CHANGES
5.3.10	Radio resource configuration
[…]
5.3.10.1	SRB addition/ modification
The UE shall:
1>	if the UE is a NB-IoT UE and SRB1 is not established; or
1>	for each srb-Identity value included in the srb-ToAddModList that is not part of the current UE configuration (SRB establishment):
2>	if the UE is not a NB-IoT UE that only supports the Control Plane CIoT EPS optimisation:
3>	apply the specified configuration defined in 9.1.2 for the corresponding SRB;
3>	establish a primary (MCG) RLC entity in accordance with the received rlc-Config;
3>	establish a primary (MCG) DCCH logical channel in accordance with the received logicalChannelConfig and with the logical channel identity set in accordance with 9.1.2;
3>	if the same srb-Identity is included in NR srb-ToAddModList:
4>	after processing nr-RadioBearerConfig1 and nr-RadioBearerConfig2 if present in the RRCConnectionReconfiguration message which triggered the execution of the SRB addition/modification procedure, associate MCG RLC bearer with the NR PDCP entity associated with the same value of srb-Identity in the current UE configuraton as specified in TS 38.331 [82];
[bookmark: _Hlk23940172]3>	else:
4>	establish a PDCP entity and configure it with the current (MCG) security configuration, if applicable;
3>	if rlc-BearerConfigSecondary is received with value setup:
4>	establish a secondary MCG RLC entity or entities and an associated DCCH logical channel in accordance with the received rlc-BearerConfigSecondary;
4>	if the srb-Identity is associated with an E-UTRA PDCP within the current E-UTRA configuration:
 5>	and associate these the secondary MCG RLC entity or entities and the DCCH logical channel with the E-UTRA PDCP entity with the same value of srb-Identity within the current UE configuration;
45>	configure the E-UTRA PDCP entity to activate duplication with t-Reordering set to infinity;
4>	else (NR PDCP):
5>		associate the secondary MCG RLC bearer and DCCH logical channel with the NR PDCP entity, i.e. as configured by NR see TS 38.331 [82];
2>	if the UE is a NB-IoT UE:
3>	apply the specified configuration defined in 9.1.2 for SRB1bis;
3>	establish an (MCG) RLC entity in accordance with the received rlc-Config;
3>	establish a (MCG) DCCH logical channel in accordance with the received logicalChannelConfig and with the logical channel identity set in accordance with 9.1.2.1a;
1>	if the UE is a NB-IoT UE and SRB1 is established; or
1>	for each srb-Identity value included in the srb-ToAddModList that is part of the current UE configuration (SRB reconfiguration):
2>	if pdcp-verChange is included (i.e, NR PDCP to E-UTRA PDCP change):
3>	establish an (E-UTRA) PDCP entity and configure it with the current (MCG) security configuration;
NOTE:	The UE applies the LTE ciphering and integrity protection algorithms that are equivalent to the previously configured NR security algorithms.
3>	associate the primary RLC bearer of this SRB with the established PDCP entity;
3>	release the NR PDCP entity of this SRB;
2>	reconfigure the primary RLC entity in accordance with the received rlc-Config;
2>	reconfigure the primary DCCH logical channel in accordance with the received logicalChannelConfig;
2>	if rlc-BearerConfigSecondary is included with value release:
3>	release the secondary MCG RLC entity or entities as well as the associated DTCH DCCH logical channel;
2>	if rlc-BearerConfigSecondary is received with value setup:
3>	if the current SRB configuration does not include a secondary RLC bearer:
4>	establish a secondary MCG RLC entity or entities and an associated DCCH logical channel in accordance with the received rlc-BearerConfigSecondary;
4>	if the srb-Identity is associated with an E-UTRA PDCP within the current E-UTRA configuration:
5>	 and associate these secondary MCG RLC entity and the DCCH logical channel with the E-UTRA PDCP entity with the same value of srb-Identity within the current UE configuration;
45>	configure the E-UTRA PDCP entity to activate duplication with t-Reordering set to infinity;
4>	else (NR PDCP):
5>		associate the secondary MCG RLC bearer and DCCH logical channel with the NR PDCP entity, i.e. as configured by NR see TS 38.331 [82];
3>	else:
4>	reconfigure the secondary MCG RLC entity or entities and the associated DCCH logical channel in accordance with the received rlc-BearerConfigSecondary;
END OF CHANGES

START OF CHANGES
[bookmark: _Toc20486834]5.3.10.3	DRB addition/ modification
The UE shall:
1>	for each drb-Identity value included in the drb-ToAddModList that is not part of the current UE configuration (DRB establishment including the case when full configuration option is used):
2>	if the concerned entry of drb-ToAddModList includes the drb-TypeLWA set to TRUE (i.e. add LWA DRB):
3>	perform the LWA specific DRB addition or reconfiguration as specified in 5.3.10.3a2;
2>	if the concerned entry of drb-ToAddModList includes the drb-TypeLWIP (i.e. add LWIP DRB):
3>	perform LWIP specific DRB addition or reconfiguration as specified in 5.3.10.3a3;
2>	else if drb-ToAddModListSCG is not received or does not include the drb-Identity value (i.e. add MCG DRB or MCG RLC bearer):
3>	if pdcp-Config is received, establish a PDCP entity and configure it with the current MCG security configuration and in accordance with the received pdcp-Config;
3>	if rlc-Config is received, establish a (primary) MCG RLC entity or entities in accordance with the received rlc-Config;
3>	if logicalChannelIdentity and logicalChannelConfig are received, establish a (primary) MCG DTCH logical channel in accordance with the received logicalChannelIdentity and the received logicalChannelConfig;
3>	if pdcp-Config is not received, after processing nr-RadioBearerConfig1 and nr-RadioBearerConfig2 if present in the RRCConnectionReconfiguration message which triggered the execution of the DRB addition/modification procedure, associate MCG RLC bearer with the NR PDCP entity associated with the same value of drb-Identity in the current UE configuration as specified in TS 38.331 [82];
3>	if rlc-BearerConfigSecondary is received with value setup:
4>	establish a secondary MCG RLC entity or entities and an associated DTCH logical channel in accordance with the received rlc-BearerConfigSecondary 
4>	if the drb-Identity is associated with an E-UTRA PDCP within the current E-UTRA configuration:
5>	and associate the secondary MCG RLC entity and the DTCH logical channelthese with the E-UTRA PDCP entity with the same value of drb-Identity within the current UE configuration;
4>	else (NR PDCP):
5>		associate the secondary MCG RLC bearer and DTCH logical channel with the NR PDCP entity, i.e. as configured by NR see TS 38.331 [82];
3>	if pdcp-Config is not received, after processing nr-RadioBearerConfig1 and nr-RadioBearerConfig2 if present in the RRCConnectionReconfiguration message which triggered the execution of the DRB addition/modification procedure, associate MCG RLC bearer with the NR PDCP entity associated with the same value of drb-Identity in the current UE configuration as specified in TS 38.331 [82];
2>	if a DRB was configured with the same eps-BearerIdentity (fullConfig or change to E-UTRA PDCP):
3>	associate the established DRB with corresponding included eps-BearerIdentity;
2>	else if the entry of drb-ToAddModList includes pdcp-config (establishment of bearer with E-UTRA PDCP):
3>	indicate the establishment of the DRB(s) and the eps-BearerIdentity of the established DRB(s) to upper layers;
1>	for each drb-Identity value included in the drb-ToAddModList that is part of the current UE configuration (DRB reconfiguration):
2>	if the DRB indicated by drb-Identity is an LWA DRB (i.e. LWA to LTE only or reconfigure LWA DRB):
3>	perform the LWA specific DRB reconfiguration as specified in 5.3.10.3a2;
2>	else if the concerned entry of drb-ToAddModList includes the drb-TypeLWA set to TRUE (i.e. LTE only to LWA DRB):
3>	perform the LWA specific DRB reconfiguration as specified in 5.3.10.3a2;
2>	if the concerned entry of drb-ToAddModList includes the drb-TypeLWIP (i.e. add or reconfigure LWIP DRB):
3>	perform LWIP specific DRB addition or reconfiguration as specified in 5.3.10.3a3;
2>	if drb-ToAddModListSCG is not received or does not include the drb-Identity value:
3>	if the DRB indicated by drb-Identity is an MCG DRB or configured with MCG RLC bearer (reconfigure MCG RLC bearer or reconfigure MCG DRB):
4>	if the pdcp-Config is included:
5>	reconfigure the PDCP entity in accordance with the received pdcp-Config;
4>	if the rlc-Config is included:
5>	if reestablishRLC is received:
6>	re-establish the primary RLC entity of this DRB;
6>	if the logicalChannelIdentity is included and the DRB indicated by drb-Identity is configured with MCG RLC bearer (reconfigure logical channel identity of MCG RLC bearer):
7>	reconfigure the primary DTCH logical channel identity in accordance with the received logicalChannelIdentity;
5>	reconfigure the primary RLC entity or entities in accordance with the received rlc-Config;
4>	if the logicalChannelConfig is included:
5>	reconfigure the primary DTCH logical channel in accordance with the received logicalChannelConfig;
4>	if rlc-BearerConfigSecondary is included with value release:
5>	release the secondary MCG RLC entity or entities as well as the associated DTCH logical channel;
4>	if rlc-BearerConfigSecondary is included with value setup;
5>	if the current DRB configuration does not include a secondary RLC bearer:
6>	establish a secondary MCG RLC entity or entities and an associated DTCH logical channel in accordance with the received rlc-BearerConfigSecondary; 
6>	if the drb-Identity is associated with an E-UTRA PDCP within the current E-UTRA configuration:
7>	and associate these secondary MCG RLC entity or entities and an associated DTCH logical channel with the E-UTRA PDCP entity with the same value of srb-Identity within the current UE configuration;
5>	else:
6>	reconfigure the secondary MCG RLC entity or entities and the associated DTCH logical channel in accordance with the received rlc-BearerConfigSecondary;
NOTE:	Removal and addition of DRB with pdcp-Config with the same drb-Identity in a single radioResourceConfigDedicated is not supported. In case drb-Identity is removed and added due to handover or re-establishment with the full configuration option, the eNB can use the same value of drb-Identity.

END OF CHANGES

START OF CHANGES
[bookmark: _Toc20487460]6.3.6	Other information elements
[…]
[bookmark: _Toc20487489]–	UE-EUTRA-Capability
The IE UE-EUTRA-Capability is used to convey the E-UTRA UE Radio Access Capability Parameters, see TS 36.306 [5], and the Feature Group Indicators for mandatory features (defined in Annexes B.1 and C.1) to the network. The IE UE-EUTRA-Capability is transferred in E-UTRA or in another RAT.
NOTE 0:	For (UE capability specific) guidelines on the use of keyword OPTIONAL, see Annex A.3.5.
UE-EUTRA-Capability information element
-- ASN1START
<<skipped parts>>

UE-EUTRA-Capability-v1560-IEs ::= SEQUENCE {
	pdcp-ParametersNR-v1560				PDCP-ParametersNR-v1560,
	irat-ParametersNR-v1560				IRAT-ParametersNR-v1560,
	appliedCapabilityFilterCommon-r15		OCTET STRING							OPTIONAL,
	fdd-Add-UE-EUTRA-Capabilities-v1560	UE-EUTRA-CapabilityAddXDD-Mode-v1560,
	tdd-Add-UE-EUTRA-Capabilities-v1560	UE-EUTRA-CapabilityAddXDD-Mode-v1560,
	nonCriticalExtension					UE-EUTRA-Capability-v1570-IEs			OPTIONAL
}

UE-EUTRA-Capability-v1570-IEs ::= SEQUENCE {
	rf-Parameters-v1570				RF-Parameters-v1570							OPTIONAL,
	irat-ParametersNR-v1570			IRAT-ParametersNR-v1570						OPTIONAL,
	nonCriticalExtension			UE-EUTRA-Capability-v16xx	SEQUENCE {}								OPTIONAL
}

UE-EUTRA-Capability-v16xx-IEs ::= SEQUENCE {
	pdcp-ParametersNR-v16xx			PDCP-ParametersNR-v16xx,
	nonCriticalExtension			SEQUENCE {}									OPTIONAL
}

<< skipped parts>>

PDCP-ParametersNR-r15 ::=		SEQUENCE {
[bookmark: _GoBack]	rohc-Profiles-r15					ROHC-ProfileSupportList-r15,
	rohc-ContextMaxSessions-r15			ENUMERATED {
											cs2, cs4, cs8, cs12, cs16, cs24, cs32,
											cs48, cs64, cs128, cs256, cs512, cs1024,
											cs16384, spare2, spare1}			DEFAULT cs16,
	rohc-ProfilesUL-Only-r15				SEQUENCE {
		profile0x0006-r15						BOOLEAN
	},
	rohc-ContextContinue-r15			ENUMERATED {supported}				OPTIONAL,
	outOfOrderDelivery-r15				ENUMERATED {supported}				OPTIONAL,
	sn-SizeLo-r15						ENUMERATED {supported}				OPTIONAL,
	ims-VoiceOverNR-PDCP-MCG-Bearer-r15	ENUMERATED {supported}				OPTIONAL,
	ims-VoiceOverNR-PDCP-SCG-Bearer-r15	ENUMERATED {supported}				OPTIONAL
}

PDCP-ParametersNR-v1560 ::=		SEQUENCE {
	ims-VoNR-PDCP-SCG-NGENDC-r15			ENUMERATED {supported}				OPTIONAL
}

PDCP-ParametersNR-v16xx ::=		SEQUENCE {
	nr-PDCP-CA-Duplication-r15				ENUMERATED {supported}			OPTIONAL
}

<<skipped parts>>

-- ASN1STOP

[…]
	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	nr-PDCP-CA-Duplication-r15
Indicates whether the UE supports PDCP duplication using NR PDCP
	-

	numberOfBlindDecodesUSS
Indicates the maximum number of blind decodes in UE specific search space in one subframe for CCs configured with sTTI operation supported by the UE. The number of blind decodes supported by the UE is the field value X*68. Field value ranges from 4 to 32.
	-

	otdoa-UE-Assisted
Indicates whether the UE supports UE-assisted OTDOA positioning, as specified in TS 36.355 [54].
	Yes

	outOfOrderDelivery
Same as "outOfOrderDelivery" defined in TS 38.306 [87].
	No

	outOfSequenceGrantHandling
Indicates whether the UE supports PUSCH transmissions with out of sequence UL grants as defined in TS 36.213 [22]. This field can be included only if uplinkLAA is included.
	-

	overheatingInd
Indicates whether the UE supports overheating assistance information.
	No

	pdcch-CandidateReductions
Indicates whether the UE supports PDCCH candidate reduction on UE specific search space as specified in TS 36.213 [23], clause 9.1.1.
	No

	pdcp-Duplication
Indicates whether the UE supports PDCP duplication using E-UTRA PDCP.
	-


END OF CHANGES

4.2	Text proposal to 36.306
[bookmark: _Toc12630257]START OF CHANGES
[bookmark: _Toc20688848][bookmark: _Toc20688860]4.3.1	PDCP Parameters
[…]
4.3.1.7	pdcp-Duplication-r15
This field defines whether the UE supports PDCP duplication using E-UTRA PDCP.
[bookmark: _Toc20688861]4.3.1A	NR PDCP Parameters
NR PDCP capabilities: the definition of rohc-Profiles-r15, rohc-ContextMaxSessions-r15, rohc-ProfilesUL-Only-r15, rohc-ContextContinue-r15, outOfOrderDelivery-r15 and sn-SizeLo-r15 are the same as supportedROHC-Profiles, maxNumberROHC-ContextSessions, uplinkOnlyROHC-Profiles, continueROHC-Context, outOfOrderDelivery and shortSN defined in TS 38.306 [32].
IMS-VoiceOverNR-PDCP-MCG-Bearer-15 indicates whether the UE supports IMS voice over NR PDCP for MCG bearer.
IMS-VoiceOverNR-PDCP-SCG-Bearer-15 indicates whether the UE supports IMS voice over NR PDCP for SCG bearer.
nr-PDCP-CA-Duplication-r15 indicates whether the UE supports PDCP CA duplication using NR PDCP.
NOTE:	In this release, IMS voice over split bearer is not supported for EN-DC.
END OF CHANGES
4.3 Text proposal to 37.340
START OF CHANGES
[bookmark: _Toc20612030]6	Layer 2 related aspects
6.3	PDCP Sublayer
In EN-DC, CA duplication (see [3]) can be applied in the MN and in the SN, but MCG bearer CA duplication can be configured only in combination with E-UTRAN PDCP and MCG bearer CA duplication can be configured only if DC duplication is not configured for any split bearer.
In NGEN-DC, CA duplication can only be configured for SCG bearer. In NE-DC, CA duplication can only be configured for MCG bearer. In NR-DC, CA duplication can be configured for both MCG and SCG bearers.
In MR-DC, RoHC (as described in TS 36.323 [15] and TS 38.323 [16]) can be configured for all the bearer types.
END OF CHANGES

