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Introduction
The objective of unifying the split bearers is that there is only one split bearer type, both from the control and user plane perspective, from RAN2 (UE) specification perspective.  This should simplify the UE specifications in that there is a need to only consider one split bearer type and also reduce the number of bearer type changes to be supported. 
However, from network perspective, both bearer types still exist in that the PDCP could be in MN or SN for the split bearer and network procedure should still be able to handle configuring the PDCP configuration either by the MN or by SN either as part of the MCG configuration or as part of the SCG configuration.
In this contribution, it looks at how the EN-DC procedures (namely bearer type change) may be impacted by merging the split bearer types (i.e. the MCG split bearer and the SCG split bearer) from the network perspective.
Discussion
The overall agreed RRC framework from the network side for LTE-NR interworking can be summarised as follows:
1) Final RRC message generated by LTE MN or in some cases, by NR SN if SCG SRB is configured. In the case the final RRC message is generated by LTE MN, it may include an encapsulated NR SN RRC message.  The SN RRC message itself is transparent to the MN.
2) MN RRC message is processed by MN RRC entity and SN RRC message by SN RRC entity (from modelling perspective) in the UE. 
3) The MN and SN RRC messages contain configuration information for the MN and SN protocol stacks respectively, and each RRC entity in the UE configures their lower layers based on the received configuration in their respective RRC messages.
This is shown in the figure 1 below.


Figure 1: EN-DC RRC message structure and associated lower layer configurations
This current RRC framework has a clear separation of the RRC configuration fields for the respective lower layers.  Due to this clear separation, if the PDCP is in SN, the PDCP configuration will be in SCG configuration. If the PDCP is in MN, the PDCP configuration will be in MCG configuration. Hence from the control perspective, it will not be possible to be transparent to the UE on where the split bearer is originated.
As proposed in [1], in order to allow for such merged split bearer, the PDCP configuration of the split bearer should be independent to both MN and SN and this can be done by having a separate PDCP configuration container (Approach A). An alternative approach (Approach B) is to keep the PDCP configuration of the split bearer either in the MCG configuration or in the SCG configuration (i.e. hard coded where the PDCP configuration of the split bearer should be in the specification). In both approaches, the UE does not know where the split bearer is originated.
In the subsequent section, we discuss how unified split bearer impact the network handling for changing the bearer type. 
Network handling due to merging split bearer
The following bearer type changes are agreed in the last meeting:
Agreements
1: LTE-NR DC should support at least following bearer type change options 
-	MCG bearer to/from MCG split bearer,
-	MCG bearer to/from SCG bearer,
-	MCG bearer to MCG bearer,
-	SCG bearer to SCG bearer,
-	MCG split bearer to MCG split bearer
-	MCG bearer to/from SCG split bearer
-	SCG bearer to/from SCG split bearer
-	SCG split bearer to SCG split bearer

FFS on MCG split bearer to/from SCG split bearer

In the following, the highlighted bearer type changes are analysed and compared among the non-unified split bearer and the 2 different approaches.
MCG bearer to/from MCG split bearer
The following table shows the possible changes in the network procedure for each of the approaches for the MCG bearer to/from MCG split bearer:
	Bear type change
	MN/SN
	Without unified bearer
	Approach A (using new container for the PDCP configuration of the split bearer)
	Approach B (PDCP configuration for the split bearer is either hardcoded in the SCG configuration or MCG configuration)

	MCG to MCG split
	MN
	PDCP configuration may not need to be modified
	MN needs to include the PDCP configuration in the new container for the split bearer 
	If PDCP configuration for the split bearer is to be included in the MCG configuration, the PDCP configuration may not need to be modified by the MN.
If PDCP configuration for the split bearer is to be included in the SCG configuration, the MN will have to provide the PDCP configuration for the split bearer to the SN to be included in the SCG configuration.

	
	SN
	SN establishes the SCG part of the split bearer
	SN establishes the SCG part of the split bearer
	SN establishes the SCG part of the split bearer.
If PDCP configuration is to be included in the SCG configuration, the SN will have to receive the PDCP configuration for the split bearer from the MN to be included in the SCG configuration and the SN will have to provide encapsulated message with the PDCP configuration back to the MN to be sent in the final RRC message.

	MCG split to MCG
	MN
	PDCP configuration may not need to be modified by the MN
	The MN releases the new PDCP configuration container and the PDCP configuration has to be included to the MCG configuration if it is not already configured in the RRC message to the UE
	If PDCP configuration for the split bearer is to be included in the MCG configuration, the PDCP configuration may not need to be modified by the MN.
If PDCP configuration is included in the SCG configuration, the MN will have to release the SCG configuration and include the PDCP configuration to the MCG configuration if it is not already configured.

	
	SN
	SN release the SCG part of the split bearer
	SN release the SCG part of the split bearer
	SN release the SCG part of the split bearer



MCG bearer to/from SCG split bearer
The following table shows the possible changes in the network procedure for each of the approaches for the MCG bearer to/from SCG split bearer:
	Bear type change
	MN/SN
	Without unified bearer
	Approach A
	Approach B

	MCG to SCG split
	MN
	MN needs to inform SN to re-establish the PDCP in the SN for the SCG split bearer 
	MN needs to inform SN to re-establish the PDCP in the SN for the SCG split bearer
	MN needs to inform SN to re-establish the PDCP in the SN for the SCG split bearer


	
	SN
	Upon receiving the establishment of SCG split bearer, the SN establish the PDCP and the SCG part of the SCG split bearer in the SN. 
The SN sends the SCG configuration as an encapsulated message to the MN
	Upon receiving the establishment of SCG split bearer, the SN establish the PDCP in the SN for the SCG split bearer. 
The SN sends the SCG configuration as an encapsulated message and the new PDCP configuration container to the MN
	If PDCP configuration is to be included in the MCG configuration, the SN has to provide the PDCP configuration for the split bearer to the MN 
If PDCP configuration is to be included in the SCG configuration, the SN has to provide the PDCP configuration for the split bearer in the SCG configuration to the MN

	SCG split to MCG
	MN
	MN needs to re-establish the PDCP in the MN
	MN needs to re-establish the PDCP in the MN
	MN needs to re-establish the PDCP in the MN

	
	SN
	SN release the SCG part of the split bearer
	SN release the SCG part of the split bearer
	SN release the SCG part of the split bearer



SCG bearer to/from SCG split bearer
The following table shows the possible changes in the network procedure for each of the approaches for the SCG bearer to/from SCG split bearer:
	Bear type change
	MN/SN
	Without unified bearer
	Approach A (using new container for the PDCP configuration of the split bearer)
	Approach B (PDCP configuration for the split bearer is either hardcoded in the SCG configuration or MCG configuration)

	SCG to SCG split
	MN
	MN needs to establish the MCG part of the split bearer.
Upon receiving the encapsulated message containing SCG configuration, the MN sends the final RRC message to the UE.

	MN needs to establish the MCG part of the split bearer.
Upon receiving the encapsulated message containing SCG configuration and the new container, the MN sends the final RRC message to the UE.

	MN needs to establish the MCG part of the split bearer.


	
	SN
	PDCP configuration may not need to be modified.
SN provides an encapsulated message containing SCG configuration to the MN.
	SN needs to include the PDCP configuration in the SCG configuration in the new container.
SN provides an encapsulated message containing SCG configuration to the MN.
	If PDCP configuration for the split bearer is to be included in the MCG configuration, the SN has to provide the PDCP configuration for the split bearer to the MN.
If PDCP configuration for the split bearer is to be included in the SCG configuration, the PDCP configuration may not need to be modified by the SN.

	SCG split to SCG
	MN
	MN release the MCG part of the split bearer
	MN release the MCG part of the split bearer
	MN release the MCG part of the split bearer.
If PDCP configuration is included in the MCG configuration, the MN will have to release the PDCP configuration related to the split bearer.

	
	SN
	PDCP configuration may not need to be modified by the MN
	The SN has to release the new PDCP configuration container and the PDCP configuration has to be included to the SCG configuration if it is not already configured in the RRC message to the UE
	If PDCP configuration is included in the MCG configuration, the SN will have to include the PDCP configuration to the MCG configuration if it is not already configured.
If PDCP configuration for the split bearer is included in the SCG configuration, the PDCP configuration may not need to be modified by the SN.



Observations
Based on the above analysis, it can be seen that the unified bearer split can be achieved using Approach A as it has the least impact to the network handling compare to Approach B. 
As for Approach B, it would require SN to provide PDCP configuration for the split bearer to the MN to be included in the MCG configuration and vice versa, which would seem to complicate the network handling for bearer type change. For example, if the PDCP configuration for the split bearer is to be included in the MCG configuration for the SCG bearer to SCG split bearer, the SN has to provide the PDCP configuration of the split bearer to the MN in order for it to include it in MCG configuration. This seems to create unnecessary signalling. 
On the other hand, with an independent PDCP configuration container for the split bearer in Approach A, it is always populated by the node where the PDCP is and can be available at the node where the final RRC message generated to be sent to the UE.
Comparing with no unified split bearer with Approach A, the additional effort on the network side is to include/release the PDCP configuration for the split bearer in the new container for the bearer type change between SCG bearer and SCG split bearer and MCG bearer and MCG split bearer. 
Observation#1: If unified split bearer is to be supported, Approach A (i.e. using an independent container for including the PDCP configuration for the SCG and MCG split bearer) should be adopted as it results in the least impact to network handling
Proposal#1: The PDCP configuration container for the split bearer should be populated by the node where the PDCP entity is logically located (i.e. SCG split bearer – SN provides the PDCP configuration container for the split bearer; MCG split bearer – MN provides the PDCP configuration container for the split bearer)  

UE handling due to merging split bearer
If it is agreed that Approach A is adopted for merging split bearer, it is further shown the change in UE behaviour due to the use of the new PDCP container. 
In the following, we compare the UE L2 behaviour between non-merged split bearer and merged split bearer for the case of MCG to/from MCG split bearer:
L2 behaviour when the split bearer is not merged
	Bear type change
	MCG/SCG
	PDCP
	RLC/DTCH
	MAC

	MCG to MCG split
	MCG part
	Start reordering
	No impact
	No impact

	
	SCG part
	N/A
	establish
	Establish if not configured;
Else reset (SCG change)

	MCG split to MCG
	MCG part
	PDCP data recovery
	No impact
	No impact

	
	SCG part
	N/A
	Release
	Release if it is the last bearer; 
Else Reset (SCG change)



L2 behaviour when the split bearer is merged
	Bear type change
	PDCP
	MCG/SCG
	RLC/DTCH
	MAC

	MCG to MCG split
	Reestablish1 and start reordering
	MCG part
	No impact
	No impact

	
	
	SCG part
	establish
	Establish if not configured;
Else reset (SCG change)

	MCG split to MCG
	Reestablish2
	MCG part
	No impact
	No impact

	
	
	SCG part
	Release
	Release if it is the last bearer; 
Else Reset (SCG change)



The differences are marked with a note below:
1Instead of just starting reordering, the UE has to perform PDCP reestablishment to deliver the remaining PDCP SDU to upper layer as the UE does not know whether the newly configured split bearer is MCG or SCG split.
2Again UE needs to perform PDCP reestablishment as the UE does not know whether the released split bearer was MCG or SCG split.
The same behaviour on the PDCP may also occur for bearer type change SCG bearer to/from SCG split bearer as well as MCG bearer to/from SCG split bearer.
Observation#2: The UE has to perform PDCP reestablishment for a bearer type change to/from split bearer as it does not know whether the split is a MCG or SCG split bearer.  When it goes from Split bearer to MCG or SCG bearer, it is not clear how PDCP data recovery procedure works.
Proposal#2: In a unified split bearer, the UE has to perform PDCP reestablishment to deliver the remaining PDCP SDUs to upper layer whenever bearer type changes to/from split bearer.
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposal:
Observation#1: If unified split bearer is to be supported, Approach A (i.e. using an independent container for including the PDCP configuration for the SCG and MCG split bearer) should be adopted as it results in the least impact to network handling
Proposal#1: The PDCP configuration container for the split bearer should be populated by the node where the PDCP entity is logically located (i.e. SCG split bearer – SN provides the PDCP configuration container for the split bearer; MCG split bearer – MN provides the PDCP configuration container for the split bearer)  
Observation#2: The UE has to perform PDCP reestablishment for a bearer type change to/from split bearer as it does not know whether the split is a MCG or SCG split bearer.  When it goes from Split bearer to MCG or SCG bearer, it is not clear how PDCP data recovery procedure works.
Proposal#2: In a unified split bearer, the UE has to perform PDCP reestablishment to deliver the remaining PDCP SDUs to upper layer whenever bearer type changes to/from split bearer.
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